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Automotive Collision Impact Phenomena 
A. L . HAYNES, R. H. FREDERICKS and W. J . RUBY 
Engineering Staff, Ford Motor Company, Dearborn, Michigan 

A discussion of what happens to occupants of an automobile during a collision 
is presented on the basis of findings from a series of controlled car crashes. 
In order to cover a broader range as well as provide maximum severity of 
load to components undergoing test, cars were impacted into a barrier in 
addition to the car-to-car crashes. Items such as deceleration of passenger 
compartment, seat belt loads, occupant decelerations, etc., are reported 
graphically as they vary with impact velocity. 

• T H E words "automobile collision" are used repeatedly to describe how approximately 
100 people in this country become statistics, and how another 6,000 receive injuries 
every day. The time, during which the decelerations and forces generated in a collision 
are of sufficient magnitude to cause a fatality, is very short. In fact, the total time 
consumed in a whole day involves less than thirty seconds to produce all these fatalities, 
and only about thirty minutes to inflict this multitude of injuries. It is with these sec­
onds and minutes of impact that the authors have been concerned during the past year, 
and upon which they would like to shed some light in this paper. 

The desire to decrease the injury-producii^ potential of the present day automobile 
introduced numerous specific questions and problems. Answers could not be supplied 
from available data and a study project was initiated in the Ford Motor Company Engi­
neering Research Department to explore and analyze impact phenomena. 

Normally, the research engineer can simulate in the laboratory the conditions im­
posed on a particular system under investigation and with little difficulty eliminate or 
isolate the effects of selected parameters. The foregoing statement holds true, how­
ever, only when considerable information concerning the system is available and its 
reduction and subsequent analysis can be undertaken without violating the general char­
acteristics of the system. After detailed consideration of possible laboratory collision 
simulators, it became apparent that the information necessary to design a simulator, 
largely embraced all the information that ultimately would be gained by its use. Design 
factors, such as deformations, decelerations, stopping distance and time, could be de­
termined only by staging full-scale collisions. 

Since it was impossible to simulate the infinite number of possible accident situations 
and conditions, two general categories of controlled collisions were studied, car-to-car 
and barrier. The car-to-car type was selected because it accounts for the largest per­
centage of injuries. The barrier collision was used to establish the maximum deceler­
ation and force conditions for any given impact velocity. 

The purpose of these full-scale crash tests is to study the kinematics of passengers, 
determine the forces and decelerations acting on both the vehicle and the passengers, 
and to evaluate various safety features incorporated into the vehicle. 

General Description 
The full-scale crashes, so far conducted, have been accomplished by towing an in­

strumented test car toward a stationary car or barrier. The vehicle is towed at the de­
sired velocity and released just before impact. A mobile instrumentation van is driven 
beside the test car, (Figures 1 and 2). Anthropomorphic dummies are variously posi­
tioned in the moving and stationary vehicles. Typical barrier and car-to-car impacts 
are demonstrated in Figures 3 and 4. Various 1952 through 1955 models of Ford, Mer­
cury and Lincoln vehicles have been used in these tests. 

The test car and the towing vehicle are displaced 11 ft laterally and 34 ft in the direc­
tion of motion. Towing in this manner is made possible by the use of a bridle on the 
towing cable (Figure 5) and setting the front wheels of the test car to a negative camber. 
The steering mechanism is centered by trial towing and then held in a neutral position 
with spring tension applied to the steering wheel. A quick release mechanism. Figure 



I N S T R U M E N T A T I O N CAR 

T O W I N G CAR 

S T A T I O N A R Y 
V E H I C L E 

6), is actuated manually from the towing 
vehicle. Table 1 charts towing distance as 
a function of velocity. These distances are 
for a Thunderbird, with automatic trans­
mission, operating at full throttle while 
towing a 4, 000 lb test car. 

In car-to-car crashes, brakes are ap­
plied after impact to prevent vehicle run­
away. The brake master cylinder is actu­
ated pneumatically when a valve, mounted 
on the fender (Figure 5), is opened by a 
lanyard attached to the towing vehicle. 

The 18 ft wide barrier, (Figures 7 and 
8), is constructed to 2-ft diameter green 
logs 12 ft long which are embedded verti­
cally 6 ft in the ground. A y 2 - i n . steel 
cable ties the logs together near the top, 

and a 6-in. slab of concrete binds them just below the surface. The logs are backed by 
a sand pile retained by planking. The front face of the barrier is provided with replace­
able oak boards supported in the log crevices with concrete fil l . 

Four anthropomorphic test dummies have been used in these tests. These dummies 

o 
I N S T R U M E N T A T I O N 
C A B L E 

C t A S H I N G C A R 

M E A S U R I N G G R I D 

Figure 1. Schematic of vehicle arrangement 
for f u l l scale crash tests. 

Figure 2. Moving toward barrier. 

were fabricated to Air Force specifications and, as purchased, are 6 ft tall and weigh 
approximately 200 lb. The articulation and weight distribution simulates that of a hu­
man being. Representative dummies are shown in Figures 9 and 10. The name FERD 
is an abbreviation for Ford Engineering Research Department. Table 2 gives the meas­
ured weight and size of these test dummies. It will be noted that FERD No. 1 has been 
modified to provide a size range for test purposes. 

Instrumentation 

Electronic instrumentation is the primary data source utilized in these full-scale 
crash tests. To augment this electronically recorded information, additional data is ob­
tained from high-speed, motion picture photography and various mechanical measure­
ments, such as, chassis point-to-point measurements before and after each test. 

A multichannel recording oscillograph receives suitably amplified signals generated 
by accelerometers or other transducers which are mounted in the impacting car or test 

. i 
Figure 3. Barrier impact. Figure 4. Car-to-car impact. 



Figure 5. Towing bridle and brake operat­
ing valve. 

T A B L E 1 

APPROXIMATE TOWING DISTANCES 
FOR VARIOUS IMPACT V E L O C I T I E S 

Impact 
Velocity 

mph 

Towing 
Distance 

feet 
10 
20 
25 
30 
35 
45 

22 
100 
150 
220 
340 
615 

T A B L E 2 

ANTHROPOMORPHIC TEST DUMMY 
PHYSICAL DATA 

Dummy Weight Height Seating Ht 
No. lb ft-in. in. 

FERD No. 1 180 5-972 36% 
F E R D No. 2 194 6-0 40 
FERD No. 3 217 6-0 37V. 

38% F E R D No. 4 194 6-0 
37V. 
38% 

Figure 6. Towing-cable release mechanism. 

JJJJJJ-'-J-

Figure 7. Test barrier . 

L O G S - 2 ft. D I A , 
12 f t . LONG 

dummies. Except for the transducers, all 
of the electronic equipment is contained in 
a mobile instrumentation van, (Figure 11), 
which connects to the crashing vehicle 
with multiple circuit cables. Since it is 
difficult to maintain a fixed distance be­
tween the instrumentation van and the test 
car, the cables which are wrapped toge­
ther are supported from an elastic line of 
shock cord, (Figure 2). This arrangement 
permits a variation of 100 percent in the 
distance between the vehicles without drag­
ging the cables on the ground or detaching the quick disconnects. 

A portable power supply, complete with voltage regulator, is towed behind the van. 
This provides the power to operate the electronic equipment. However, each channel 
has its own predetermined bias supplied to the bridge by dry-cell batteries. All chan­
nels are balanced and calibrated separately in anticipation of the magnitude expected for 
each function. 

OAK PLANKING 

D IRECTION OF IMPACT 3 

ROAD S U R F A C E 

PACKED F I L L 
CONCRETE 

15 tt. LONG 

6 ft. H IGH 

Figure 8. Test barrier construction. 



Figure 9. Anthropomorphic test dummies. 

The normal photographic coverage for 
a test consists of two Fastax cameras 
which use black and white film and oper­
ate at 500 to 1, 500 frames per second de­
pending on the available light. Color film 
is taken at 128 and 24 frames per second, 
and one or more gunsight cameras, mount­
ed on the moving car, -take black and white 
exposures at 96 frames per second. In 
addition, still pictures are taken before, 
during and after impact. One or more 
doors are removed and holes are cut in 
the roof panel, (Figure 12), to provide 
adequate viewing and light conditions. 
Figure 12 also shows a typical mounting 
bracket for a gunsight camera. The locations of the Fastax cameras and a fixed refer­
ence scale are recorded to facilitate the analysis of the high-speed film. Targets, 
utilizing black on white, are placed on the body of the car and critical areas of the 
dummies so that displacement-time curves can be prepared. 

Two typical transducers, an accelerometer mounted on a frame rail and a belt ten-
siometer, are shown in Figures 13 and 14 respectively. The exact time of various 
events is recorded on the oscillograph film record. For example, a bumper switch es­
tablishes the zero reference time. Additional time records also are obtained from 
aluminum foil contacts which cover crit i ­
cal impacting areas both of the car and 
dummy passengers. 

Figure 10. Anthropomorphic test dummies. 

Figure 11. Mobile instrumentation van in­
t er ior . Figure 12. Roof area of test car. 



Figure 13. Accelerometer mounted on frame 
of test car. 

Test Results 
The results so far obtained have been 

most encouraging. Of course, they repre­
sent only a beginning and a great deal of 
their worth has been towards the formula­
tion of techniques and appreciation of the 
problems in this important aspect of auto­
motive engineering. Although the results 
presented here are considered rather gen­
eral, they appear fundamental to the under­
standing of the problem. 

It is realized that there are many specific 
questions which are not considered in this 
paper, but time has not permitted a more 
complete study of the subject. As the pro­
gram continues, specific conditions will be 
treated in greater detail. The information 
herein submitted is presented in anticipa­
tion that other investigators probably will 
disagree with certain aspects of the study. 

Figure 15. Crash 39 - Over-all view of test 

Figure 14. Belt tensiometer mounted on 
seat belt . 

However, it must be realized that there 
are many variations possible in test con­
ditions which cannot be completely con­
trolled when staging full-scale collisions. 

All the data in this paper, with the ex­
ception of the permanent deformation 
measurements, either have been taken di­
rectly from, or are a result of, the elec­
tronic recordings. Analysis of the high­
speed motion pictures is a lengthy proce­
dure for which reason it lags other phases 
of measurement and interpretation. It is 
believed that the corresponding measure­
ments of functions by electronic and photo­
graphic techniques would not necessarily 
yield equivalent numerical results. As an 
example, visualize an accelerometer 
mounted to the floor structure and a target 
fastened to the outside of an automobile. 
The deceleration obtained from the trans­
ducer could peak very differently from 

Figure 16. Crash 39 - Close-up view of test 

Figure 17. Crash 39 - Just before impact. 
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Figure 18. Crash 39 - Test dummy kinematics during impact. 

that obtained by differentiating the displacement curve of the target as plotted from the 
high-speed movie film. The correlation of these two techniques would be an elaborate 
undertaking in itself. 

In order to provide a more complete mental picture of automobile collision impact 
phenomena, a typical barrier test will be described in detail. The test car used was a 
1955 Ford Tudor weighing 4,144 lb including four passenger dummies totaling 785 lb. 
The car was equipped with a 1956 instrument panel complete with pad, safety steering 
wheel, and padded sun visors. Both the driver and the right front passenger were re­
strained with lap belts. The left rear passenger was restrained with both a lap belt and 
an experimental shoulder harness which terminated at the lap belt. The right rear pas­
senger was unrestrained. Mounted on the car were two gunsight cameras to record the 
movements of the dummies within the car during impact. In the barrier area, four 
cameras were stationed to film the impact. Two cameras were high-speed black and 
white and the other two were low-speed color. Attached to the front of the car was a 
velocity measuring device for accurate determination of the impact velocity. Strain 
gage type accelerometers were mounted on both right and left sides of the frame front 
and the floor pan of the passenger compartment to measure the decelerations. An ac­
celerometer was placed in the stomach cavity of the driver and the head of the right 
front passenger to measure the decelerations at these points. The seat belts were 
equipped with strain gage transducers to measure the loads during impact. Sheets of 
thin aluminum foil were placed on the instrument panel, visor, and lower dash as well 
as the right front passenger's head and knees to record when contact occurred between 
these areas. Targets were taped on the car for future use in frame-by-frame analysis 
of the movie films. Figures 15 and 16 show the car after all preparations were com­
pleted. 

The kinematics of the crash are shown in Figure 18. This is a selected series of 



Figure 19. Crash 39 - Right side view 
af ter impact. 

Figure 20. Crash 39 - Left side view after 
impact. 

Figure 22. Crash 39 - Final dummy position 
side view. 

Figure 21. Crash 39 - Steering wheel de 
formation after impact. 

Figure 23. Crash 39 - Final dummy position 
front view. 

enlargements taken from the Fastax film. 
This camera operated at 500 frames per 

Figure 24. Crash 39 - F i n a l posit ion of 
rear dummy. 

second. The time in seconds from "O" reference (contact) is given for each frame shown. 
It is of interest to note that the time for maximum deformation of the car is 0.06 sec­

onds from contact. However, at this time the occupants have just started to move for­
ward. At 0. 10 seconds after contact the front seat occupants have attained maximum 
forward movement and the rear unrestrained occupant is still moving forward. The 
rear dummy's head hit and dented the roof panel at 0. 14 seconds and reached the far­
thest forward position at 0. 20 seconds after impact. The total time for the rear dummy 
to go forward and return was 0. 74 seconds. 

Figures 19 through 24 show over-all damage to the car and final dummy positions. 
The deformation of the energy-absorbing steering wheel can be seen in Figures 21 and 
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26. It should be noted that the dummy's chest did not contact the hub of the steering 
column. Figure 27 shows the area and resulting dent where the right front dummy's 
head impacted the instrument panel pad after jackknifing on the seat belt. This illus­
trates the necessity for proper design of the panel and pad combination to obtain ade­
quate yielding and load distribution to moderate or prevent soft tissue injury. It will 

be observed that the seat belt prevented 
windshield impact. F E R D No. 1, with a 

Figure 25. Crash 39 - Over-a l l damage to 
front of car. 

Figure 26. Crash 39 - Steering wheel and 
instrument panel deformation. 

T A B L E 3 

TABULATION O F DATA FROM OSCILLOGRAPH F I L M RECORD - T E S T NO. 39 

Duration of 
Time to Measurement 

Peak Value (Total Time 
Peak Value From Start from start of 

of of Impact Rise to End) 
No. Measurements Measurement (Seconds) (Seconds) 

DECELERATIONS 

1 Floor Pan Passenger Compartment - 30. 4g . 065 . 085 
Right Side 'i 

2 Floor Pan Passenger Compartment -
Left Side 29. 6g .069 . 087 

3 Front of Frame, Right Side 88. Og .022 1 .057 
4 Front of Frame, Left Side 80. 5g .022 . 070 
5 Driver Chest (Impacting Safety Value After 

Steering Wheel) 75g . 087 Peak Unobtainable 
6 Right Front Passenger Head 

(Impacting Padded Instrument Panel) 65g . 115 .037 

B E L T LOADS 

7 Driver Lap Belt 2540 lb. .087 ' .070 
8 Front Right Passenger Lap Belt 2440 lb. .088 . UO 
0 Rear Left Passenger Lap Belt 2900 lb. .050 Unobtainable 

10 Rear Left Passenger Shoulder 
Harness Belt 2220 lb. .055 .080 

CONTACT POINTS 

11 Windshield and Head (Right Passenger) 
12 Upper Dash (Right Passenger) 
13 Lower Dash (Right Passenger) 

VELOCITY MEASURING DEVICE 

NO CONTACT 
DID NOT FUNCTION 

. 063 after impact 

14 14. 25 Inches in . 03329 Seconds 24. 4 MPH 
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seated height of 3672 inches, occupied this seat. 
The oscillograph film record of this crash is shown in Figure 28, and a tabulation of 

the results appears in Table 3. 
The deceleration that has the first and most significant effect on the passenger is 

that of the passenger compartment. It is this deceleration which causes the passenger 
to move relative to the interior of the car. Everyone has heard the expression "It isn't 
the speed that kills, it's the sudden stop. " This of course is true. However, usually 
the greater the velocity the more violent and consequently the more hazardous the stop. 

The curves in Figure 29 are the results of plotting the electronically-measured 
decelerations which occurred in the pas-

LEFT REAR PASStNGER BELT 
FRT. FRAME DECELERATION 

RIGHT FRT. PASS. HEADDECEL. 

FRT. FRAME DECELERATION 

DRIVER BELT 

MID-FRAME DECELERATION 
DRIVER CHEST DECELERATION 

Figure 27. Crash 39 - Close-up view of 
padded instrument panel deformation. 

Figure 28. Crash 39 - Oscil lograph f i l n 
record. 

PASSENGER COMPARTMENT \ 
DECELERATION FOR BARRIER \ 

A N D C *R TO CAR COLLISIONS " ir 
100 

$ 

# 

O K E L f M T I O t I „ 

4 0 

0 

/ O K E L f M T I O t I „ 

4 0 

0 

/ O K E L f M T I O t I „ 

4 0 

0 
" " ' ^ 1 0 m 

15 2 0 B 3 0 

mtcmecnrm 
Figure 29. 

DECELERATION OF STOMACH CAVITY 
RIGHT FRONT PASSENGER-BELTED 

CAR TO CAR COLLISION 

f l 

KCEUUTim 

Figure 30. 

DECELERATION COMPARISON 
FRAME FRONT AND PASSENGER 

COMPARTMENT BARRIER COLLISIONS 

DEtELERATKM 

• P A S S t N G f R C O M P A K I M t N I 

S 10 15 20 ! 5 30 35 « 
r M K C I V E L O C I T i r l M W 

Figure 31. 

TOTAL PERMANENT DEFORMATION 
BARRIER COLLISIONS 

DEFORMATION 
SWCHES) 

15 M 2 5 30 35 
ima VElOCiTY ( M H ) 

Figure 32. 
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mSSENGER COMPARTMENT DECELERATION 
MEASURED AND COMPUTED AVERAGE 

BARRIER COLLISIONS 

M A S U I I E D ^ 

COMPUTED AVERAGE 

SEAT BELT LOAD 
CAR TO CAR COLLISIONS 

4 

UM ' 
(THOOSAIHIS 

O t t B ) 2 

K n K M 

uiMCTVEU)Cin(Mru) 

n O O U C I OF DUMMY WEIGHT 
AND FASSENGEII COMPAHTMENT 

DECELERATION 

B » 25 30 
IMMCTVEUXirr(MPH) 

Figure 33. Figure 34. 

S a n g e r compartment during a series of barrier and car-to-car tests at various veloci­
ties. The curve for the barrier condition beyond 35 mph is dotted since it is an extra­
polation. All barrier impacts were with the line of motion of the test vehicle perpendic­
ular to the face of the barrier. The car-to-car impacts, reported in Figure 29, were 
run with the line of motion of the test vehicle 10 degrees off the perpendicular to the 
centerline of the parked vehicle. The centerline of the moving car impacted the right 
front wheel of the parked car. The cars used in this series of tests were 1955 Tudor 
and Fordor Fords with four occupants; a driver, a right front passei^er, and a left 
and right rear passenger. 

It is sometimes very convenient to separate an accident into two collisions; the first, 
when the vehicle strikes another object, and the second, when the occupants strike the 
vehicle in which they are riding. It may be logical to visualize a situation where, if the 
passenger was adequately restrained, it might be possible to eliminate the second col­
lision which is the real injury-producing condition. With reference to Figure 29, at 
45 mph a deceleration of 28 g's was measured in the passenger compartment, but this 
resulted in a measured deceleration of only 13. 8 g's, Figure 30, in the stomach cavity 
of the dummy. It will be noted, in Figure 29, that an equivalent passenger compartment 
deceleration would be attained at a velocity of approximately 24 mph during a barrier 
crash. Since no braking is effected prior to impact, the velocities mentioned in dis­
cussing any of the figures are the velocities at the time of impact. 

In Figure 31, the passenger compartment deceleration curve for barrier crashes, 
previously shown in Figure 28, is compared to the frame front deceleration. For the 
full range of velocities tested, the deceleration level m the passenger compartment a l ­
ways has been less than half that observed at the front of the frame. This fact indicates 
that the front structure of the present vehicle is a substantially effective energy absorb­
er for decreasing the severity of the so-called second collision. 

The total permanent deformation, or over-dU shortening of the vehicle, which re­
sults from barrier impacts is shown m Figure 32, for velocities up to 35 mph. The 
fact that the total deformation increases at a decreasing rate logically agrees with the 
data in Figure 29 which shows the peak passenger compartment deceleration increases 
at an increasing rate. By using the deformation and performing a simple computation, 
it is possible to plot the average deceleration which corresponds to any velocity. It is 
evident, from an examination of Figure 33, that this computed average deceleration is 
less than the measured deceleration for the same velocity. 

Measured seat belt loads as a function of impact velocity are shown in Figure 34 for 
front corner car-to-car collisions. In addition, the product of the dummy weight and 
the peak passenger compartment deceleration is shown. It will be noted that this com­
puted load is approximately double the measured load. 

The subject of Automobile Collision Impact Phenomena covers a tremendous scope. 
This paper, and al l other available information on the subject, constitute only an intro­
duction to this important phase of automotive design. 



A Preliminary Study of Speed as Related to 
Injury-Producing Automobile Accidents 
JOHN O. MOORE, Director, Automotive Crash Injury Research and 
Research Associate, Department of Public Health and Preventive Medicine, 
Cornell University Medical College 

This paper examines accident and injury data on 3,203 automobiles involved 
in injury-producing accidents to determine effects which speed may have on 
the frequency of dangerous or fatal injuries. 

The examination consists of four substudies: (1) the frequency distribu­
tions of the cars according to traveling and impact speeds in progressive 
ranges of 10 mph; (2) the frequency of dangerous or fatal occupant injury in 
each of the progressive traveling and impact speed ranges; (3) the extent to 
which rigid control of traveling speed would reduce the frequency of danger­
ous or fatal injuries: and (4) the influence which factors other than speed 
(ejection, seat area occupied, site of impact) have on the incidence of dan­
gerous or fatal injuries. 

• MOBILITY and speed seem to have become essential requirements of American cul­
ture. A network of new highways is being engineered to carry more and more vehicles 
farther and faster. Yet constantly is heard the cry: "Speed kills . . . . Slow down and 
live!" This poses a dilemma: demand for speed and the opposing dread of i t It is 
strange that this dilemma should exist, because the contention that speed kills never 
has been actually proven. It is the purpose of this preliminary study to examine data 
which may throw light on the subject of the relationship between speed and injury or 
death. 

There is little doubt that the high or excessive speed of a traveling automobile can 
cause an accident; as the speed increases, so does the rate of closure, thereby reduc­
ing visual and physical reaction time. The cause of injury, however, is another matter, 
for all accidents do not necessarily produce injury. 

Realistic examination of the relationship between speed and injury or death requires 
distinction between traveling speed and impact speed. For example, the driver of a 
car traveling at 60 mph may observe an imminent accident, apply his brakes, and f i ­
nally strike an object at 40 mph. Thus, a chain of events leading to an injury is cre­
ated. A particular traveling speed results in an accident involving a particular impact 
speed; the Injury resulting, although related to both the traveling and impact speeds, 
is more closely related to the latter, whereas the occurrence of the accident is related 
to the former. This study, therefore, while examining the relatlonsh^) between speed 
and death or serious injury, keeps data on traveling speed distinct from those on im­
pact speed. 

Automotive Crash Injury Research data are ideally suited for such study. An inter­
state cooperative program, involving police, highway patrol personnel, physicians and 
public health authorities in eleven states and one city, produces data through the use of 
detailed photographs and specially designed accident and injury report forms. Sam­
pling techniques afford reliable and representative data. State police and highway pa­
trols are specially trained by Automotive Crash Injury Research personnel in reporting 
and photographic procedures. Hospital emergency room staffs and physicians in the 
areas being sampled are also briefed on the program, and public health or similar 
authorities act as a control in securing complete, detailed and accurate medical re­
ports. Al l persons participating in the program are oriented and motivated to the re­
quirements of a study aimed at obtaining complete accounts of the accidents, as well as 
discovering the specific mechanical and structural causes of injury. 

One of the difficulties in dealing with speed data is that speed reporting is largely 
subjective. Objectivity in this field of study would require speed recording instrumen­
tation in every automobile, or large-scale employment of radar or similar devices. 
Since neither of these methods is used presently to an extensive degree — nor promises 
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to be in the immediate future — reliance must be placed on the accuracy of speed re­
porting by police and highway personnel. 

These professional accident reporters have had years of experience in estimating 
speeds through observation of many thousands of traveling cars; they are trained in the 
proper methods of interpreting accident details and use such evidence as extent of basic 
car damage, tire condition, skid marks, types of road surface, weather conditions, 
and related information in determining accident speeds. Recent years have seen the 
development of tests to measure and improve th? accuracy of police and highway per­
sonnel in estimating rates of closure. Thus, although most current speed reporting is 
subjective, attempts are constantly being made to control and minimize subjectivity. 
Speed data reported to Automotive Crash Injury Research have the additional advantage 
of support and confirmation through photographic evidence. Experienced accident an­
alysts at the project headquarters at Cornell University Medical College in New York 
City used detailed pictures of car damage to confirm reported traveling and impact speeds. 

Portions of the report which follow deal with what is termed "excessive" speed. Of 
course, speed limits in one area of the country often differ from those in another be­
cause of variations in terrain, road design, traffic density, etc. Nevertheless, an ar­
bitrary definition of excessive speed can be based on the knowledge that large segments 
of present rural highway systems employ a speed limit of 60 mph. Thus, for purposes 
of discussion, this study terms speed over 60 mph as excessive. 

BASIC DATA FOR STUDY 
Each of the 3,203 passenger automobiles studied was involved in an injury-producing 

accident during the period from 1953 to 1956 inclusive, and contained at least one in­
jured person. Every type of accident is represented, and the total sample closely re­
sembles national registrations of passenger automobiles in terms of makes, models, 
and years of manufacture. 
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The 3,203 cars carried 7,154 occupants, or 2. 3 persons per car. Among the 7,154 
occupants, various degrees of injury were sustained in the following proportions: 

No injury 25% 
Minor injury (bruises, minor lacerations, etc.) 46% 
Non-dangerous injury (severe lacerations, fracture, etc.) 20% 
Dangerous injury (internal, brain injuries, etc.) 5% 
Fatal injury (death instantaneous or within 24 hr after 

accident 4% 
The last two injury classifications (dangerous injury and fatal injury), totaling 9 per­
cent of the occupants, are used in this study as a measure of the effect of speed in in­
jury-producing automobile accidents. 

REPORTED TRAVELING AND IMPACT SPEEDS 
Figure 1 shows distribution of the 3,203 cars according to both reported traveling^ 

and impact' speed. It wi l l be seen immediately that the greatest proportion of these 
cars was traveling at speeds in the 50- to 59-mph range, and impacted m the range of 
40 to 49 mph. The average traveling speed was 50 mph and the average impact speed 
42 mph. 

The basic regularity of the distribution curves in Figure 1 establishes an important 
fact. The majority of injury-producing accidents are not associated with the higher 
speed ranges, as popular opinion would have one believe. Cars in injury-producing 
accidents appear in all ranges of speed and arrange themselves in the typical bell-
shaped distribution curve. 

In Figure 2 the speed data are presented in cumulative fashion, showing that 16 per­
cent of the cars traveled at 29 mph or less, 29. 5 percent traveled at 39 mph or less, 
48. 3 percent ti-aveled at 49 mph or less, etc. Combining the cars which traveled at 

^ Traveling speed: the speed of the car before involvement m the accident. 
* Impact speed: the speed at which the major impact occurred between the car and ob­
jects or other cars or vehicles. 
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the most common speed (50 to 59 mph, as shown in Figure 1, with all the cars which 
traveled at lesser speeds, a total of 74,1 percent of the 3,203 cars were moving at 
speeds under 60 mph before becoming involved in injury-producing accidents. 

Similar consideration of impact speed tells much the same story. The bulk of the 
cars impacted in the lower speed ranges. The cars impacting at the most common 
impact speed (40 to 49 mph, as shown m Figure 1), and all the cars impacting at lower 
speeds, comprise a total of 70. 9 percent of the 3,203 cars. 

OCCURRENCE OF DANGEROUS OR FATAL INJURIES AS RELATED TO SPEED 
Figure 3 shows what proportion of the persons traveling or impacting at successive 

speed ranges suffered dangerous or fatal injury. Such injuries were sustained by 9 
percent of the occupants of cars studied. These two grades of injury (representing 
trauma which placed car occupants either on hospital "critical" lists or in morgues 
within 24 hr) are used in this study to measure the effect of speed in automobile acci­
dents; they reflect the severest aspect of injury. Measuring the effect of automobile 
accidents by the occurrence of fatal injuries only, while dramatic, illustrates merely 
a portion of the problem. That large segment of the population which is injured to a 
dangerous degree also represents a major problem. The loss of manpower and dollars 
through hospitalization, treatment, and often permanent disability has become a c r i ­
tical matter not only to industry, but also to the military services and the medical pro­
fession. Injuries of lesser degree — those of a painful, disfiguring, or disabling na­
ture — are, of course, also important, but are omitted from this study for purposes of 
simplicity. 

Analysis of the data shows that as traveling and impact speeds increase, there is a 
steady and statistically significant increase in the frequency of dangerous or fatal in­
jury. However, as Figure 3 indicates, any increases of injury are small in speed 
ranges up to and including 40 to 49 mph. From the 50- to 59-mph range, and progres-

Traveling Speed 

Observed Data 

95% Confidence Limits 

39 Z 

Impoct Speed 

Stopped to 9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80 S 
Over 

Speed Ranges-mpli 
Figure 3. Frequency of dangerous or fatal injury according to pro­

gressively higher ranges of traveling and impact speeds. 
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sing upward through the higher traveling or impact speeds, the increases in frequency 
of dangerous or fatal injury become more marked. They culminate in an incidence of 
these injuries among nearly 28 percent of the persons traveling at or above 80 mph, 
and among approximately 40 percent of the persons in cars impactmg at or above this 
speed. 

The finding of correlation between the occurrence of dangerous or fatal injury and 
mcreasmg speeds must be viewed with caution and interpreted in terms of how many 
cars or people are involved. For example, only ^̂ /% percent of the cars were traveling 
at or above 80 mph, and no more than 25 percent were traveling at or above 60 mph. 

Ignoring the important fact that high speeds are infrequent, the differences in risk 
of dangerous or fatal injury can be examined according to whether the speed was above 
or below an arbitrarily selected limit. In such an examination, impact speed need not 
be used, since the consequences of traveling at a given speed are being studied. 

Because the most commonly reported traveling speed in injury-producii^ accidents 
is in the 50 to 59 mph range, 60 mph is used arbitrarily as the dividing line and one 
can proceed to observe the frequency of dangerous or fatal injury among persons who 
traveled above or below this speed. 

About 6 percent of the occupants of cars traveling at speeds up to 60 mph sustained 
such injuries; above this speed the toll was in the order of 17 percent. Thus, i t might 
be said generally that traveling above 60 mph may result in more than doubling the risk 
of dangerous or fatal injury. 

The findings at this point must be treated with reservation. What has been discussed 
has been risk without regard to frequency. Further, there exists a distinct possibility 
that factors other than (or concomitant with) speed act to create dangerous or fatal in­
jury. Simultaneous consideration of risk and frequency can be accomplished by means 
of "e^ectancies." 

OCCURRENCE AND EXPECTANCY OF DANGEROUS OR FATAL INJURY AS 
RELATED TO SPEED REGULATION 

For purposes of discitssing speed regulation, "excessive" speed, as used in this 
study, is an arbitrary term referring to traveling speeds of 60 mph or over. Although 
the findings thus far emphasize the need for public education concerning the hazards of 
excessive speed, i t should be repeated that only 25 percent of the cars in this study of 
injury-producing accidents were reported to have been traveling at excessive speed be­
fore involvement in the accidents. Thus, i t appears that efforts to regulate speed can­
not be expected to solve the total problem of dangerous or fatal injuries in automobile 
accidents. Obviously, any reduction in the frequency and severity of injury is immed­
iately desirable, and the data herein presented clearly indicate that speed regulation 
can produce some improvement in the injury picture. However, speed should not be 
regarded as the sole and exclusive agent responsible for injury or death — the facts do 
not justify such a view. Nor should the discovery of a correlation between speed and 
injury lead to disregard of other factors which may be even more significantly respon­
sible for injury. Although the risk of a dangerous or fatal injury increases markedly 
at the top speeds, both the risk and the frequency distribution of dangerous and fatal in­
juries must be taken into account m answering the vital question: "To what extent can 
rigid control of traveling speed reduce the current toll on the highway ?" 

To provide an answer to this question, the method of "expected values" has been 
used. In essence, the purpose of this method is to secure a gross estimate of what 
would have happened had rigid speed controls been enforced during the time when these 
data were collected. The procedure entails certain assumptions: (1) every vehicle tra­
veling above the specified "rigid speed limit" would have, instead, been traveling at that 
speed; (2) the risks for the individuals "moved down" by this rigid speed limit would 
have been the same as the risks of the individuals actually traveling at this limit in the 
study; (3) other factors would not have changed. For example, the reduction in speed 
would not have changed anything about the accident and there would have been the same 
number of people, cars, types of accident, etc. Under these assumptions, it is possi­
ble to gain a gross estimate of the percentage of dangerous or fatal injuries which would 
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have occurred if the speed had been rigidly 
controlled to a specified l i m i t 

The expected percentages (Figure 4) 
show that if the speed limit had been rigid­
ly fixed at 79 mph (either by a miraculous 
100 percent enforcement or by some en­
gineering device such as a governor), 96 
percent of the injuries would s t i l l have oc­
curred. If the limit had been set at 69 
mph, 85 percent of the injuries would nev­
ertheless have occurred. Lowering the 
limit to 59 mph, 73 percent would have 
been involved. Even if the rigid speed 
limit had been reduced to 49 mph, there 
would have resulted an essentially limited 

TABLE 1 
RISK OF INJURY AS RELATED TO EJECTION OR NON-EJECTION 

Percentage of Occu pants with 
Mod thru Fatal 

Injury 
Severe thru Fatal 

Injury 
Dangerous or 
Fatal Injury 

Fatal 
Injury 

reduction in the number of dangerous or fatal injuries, for 60 percent of the dangerous 
or fatal injuries st i l l would have occurred. Hence, although rigid speed control of the 
top speeds would be expected to produce some improvement in the injury picture, there 
is a definite limit to the amount of improvement that can be achieved by absolute speed 
regulation. 

OTHER FACTORS INFLUENCING INJURY 
The data thus far have clearly indicated that speed is not the sole element in pro­

ducing dangerous or fatal injuries. Further, speed control offers only partial solution 
to the problem of these injuries. Of course, there is no injury if there is no accident, 
and excessive speed does have a bearing on whether or not an automobile accident oc­
curs. Thus, speed control would seem to imply accident rather than injury prevention. 

The data make it apparent that condi­
tions other than (or together with) speed 
act to produce dangerous or fatal injuries. 
Study of injury-producing accidents has 
isolated several primary factors as af­
fecting both the occurrence and serious­
ness of injury in automobile accidents. 
One of these factors is the phenomenon of 
ejection, which takes place most frequent­
ly when doors open under impact condi­
tions. The consequence of doors opening 
(front doors open in about 50 percent of cars in injury-producing accidents ^) is that 
ejection occurs among approximately 13 percent of the total car occupants. The pro­
found effects of ejection on injury are shown in Table 1, which shows that dangerous or 
fatal injuries were sustained by five times as many ejectees as non-ejectees; that is, 
ejection multiplies the risk of dangerous or fatal injury by five. 

Another factor bearing upon the production of dangerous or fatal injuries relates to 
the specific areas of the car occupied by passengers. Table 2 shows the frequency of 
dangerous or fatal injury among the occupants of various seat-areas. Although the 
problem of injury as a function of seat-area occupied is a subject for further and more 
thorough study. Table 2 clearly shows that the likelihood of receiving a dangerous or 
fatal injury is widely different among the occupants of various seats. These differen­
ces are statistically significant. Generally speaking, the entire rear seat area is less 
dangerous than the front seat area. Further, the dangerous or fatal injury potential of 
the right front seat is somewhat (although not remarkably) greater than that of the d r i ­
ver's seat. 

Non-ejectees 
Electees 
In]uiy ratio, 
ejectees to 
non-eiectees 

23 9 
49 9 

2 . M 

9 9 
36 4 

3 7.1 

5 S 
26 6 

2 6 
13 3 

'Automotive Crash Injury Research, "A Study of Automobile Doors Opening under 
Crash Conditions," T. R. 2. New York, Cornell University Medical College, August 1, 
1954. Subsequent study with a greater number of cases has confirmed the findings of 
this report. 
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TABLE 2 
RISK OF DANGEROUS OR FATAL INJURY 
ACCORDING TO SEAT-AREA OCCUPIED 

Seat Area Percentage of Occupants with 
Occupied Dangerous or Fatal Injury 

Driver ^ 
Center front 
Right front 
Left rear 
Center rear 
Right rear 

7 . 5 a 
4.9 

10. 
4. 
5. 
6. 

^Since the Automotive Crash Injury Re­
search sample is one of injury-producing 
accidents, a driver alone in a car must be 
injured to get into the sample. To elimi­
nate bias overemphasizing driver injury, 
this table shows frequency of injury among 
drivers who were accompanied by passen­
gers. 

Another influence on the occurrence of 
dangerous or fatal injury is the area of the 
car sustaining the principal crash impact. 
To examine this influence, it was neces­
sary to study the frequency of injury among 
occupants with respect to their proximity 
to the site of impact. Table 3 shows the 
wide variations in injury frequency occur­
ring according to interaction of (1) the lo­
cation of the impact, (2) the seat occupied, 
and (3) the closeness of the seat-area to 
the impact site. The data show that being 
near the impact site produces the greatest 
likelihood of dangerous or fatal injury, re­
gardless of seat-area occupied; further, 
the incidence of the injury wi l l vary as a 
function either of the site of impact or the 
seat-area occupied. 

It becomes increasingly clear that in­
jury is concomitant with many accident 
factors related to engineering and design. 
Ejection, the force localization dictated by 
objects in a given seat-area, and the ener­
gy-absorbing qualities of various exterior 

portions of the car are all subject to effective control through engineering. Of course, 
it should be realized that such factors, controllable by engineering, relate to one an­
other. Similarly, each of these factors is also related, in some degree, to speed. For 
example, clinical observation shows that ejection increases as speed increases, or 
that in a given seat-area, the frequency of injury wi l l increase as speed does. How­
ever, an all-important reservation is that dangerous or fatal injuries increase appre­
ciably from one high-speed range to the next, starting only at the traveling speed range 
of 50 to 59 mph. In the lower traveling speed ranges, although there are increases in 
risk of dangerous or fatal injury, these increases are rather small. Further, although 
nearly 75 percent of the cars were traveling under 60 mph, approximately as many dan­
gerous or fatal injuries were sustained among the persons traveling below 60 mph as 
were sustained by those traveling in excess of 60 mph. 

Apparently the injuries occurring in lower speed ranges are largely a function of 
car design, while injuries in the higher speed ranges are a function of both speed and 
automotive design. Thus, the path for correction is shown by the basic indications of 
the data: Speed affects dangerous or fatal injury in a relatively small proportion of the 
cars; design engineering affects this grade of injury in all of the cars and in all of the 
speed ranges. Efforts to reduce danger­
ous or fatal injuries in automobile acci­
dents must take both these factors into ac­
count. 

TABLE 3 
RISK OF DAKGEROUS OR FATAL INJURY ACCORDING TO 

OCCUPANTS'a PROXIMITY TO CRASH IMPACT SITE 

SUMMARY 
A study of the reported impact and tra­

veling speeds of 3,203 cars in injury-
producing accidents, and correlation with 
injury data on the 7,154 occupants of these 
cars revealed that: 

1. Although each car contained at 
least one injured person, approximately 
75 percent of the cars were traveling at 
speeds under 60 mph and about 70 percent 
involved impact speeds under 60 mph. 

Relation between 
Occupant and 

Crash Impact Site 

Area of Car 
Sustaining 

Principal Impact 

Percentage of Occupants with 
Dangerous or Fatal Iniury 

Drivers Right Front Seat 
Passenger 

Opposite impact 
site Front 

% 
5 6 

% 
7 4 

At or near 
impact site Side 16 7 20 0 

Opposite impact 
site Side 2 0 8 5 

No strict rela­
tionship (car Top 3 1 4 5 
rolled over) 

a Based on non-ejected occupants of cars involved in injury-produc-
ing accidents 
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2. There is a statistically significant correlation between increases in both travel­
ing and impact speed and the frequency of dangerous or fatal injury. In each of the 10-
mph speed ranges through 59 mph, the increases in frequency of dangerous or fatal in­
jury are slight; beyond 59 mph the increases rise sharply. Traveling above 59 mph 
(represented by 25 percent of the cars) more than doubles the risk of dangerous or fatal 
injury. 

3. Top speed limits imposed by enforcement or mechanical devices afford relative­
ly limited reduction in the expectancy of dangerous or fatal injuries in injury-producing 
accidents; a strict enforcement of a top traveling speed of 49 mph would st i l l result in 
the occurrence of 60 percent of the dangerous or fatal injuries. 

4. Many factors other than speed operate to produce injury in automobile accidents. 
Acting independently, interdependently, or together with speed, are such accident fac­
tors as ejection, seat-area occupied, and site of crash impact. 

5. Dangerous or fatal injury in low-speed ranges appears to be largely a function of 
car design, while such injuries in the higher-speed ranges apparently correlate with 
both speed and car design. 

6. Control of excessive speed without simultaneous control of car design imposes 
limitation on the extent of reduction of dangerous or fatal injuries in injury-producing 
automobile accidents. 



Factors Related to Traffic Death Rates 
EARL ALLGAIER and SAM YAKSICH 
American Automobile Association 

# CERTAIN states have low traffic death rates year after year. On the other hand, 
some states consistently have high rates year after year. This study is an effort, 
through statistical techniques, to determine the characteristics of the various states 
that are related to the traffic death rates. In other words what are the characteristics 
of states with high death rates compared to states with low death rates ? 

As a f i r s t step in this analysis, correlation coefficients were calculated between the 
traffic death rates for 1952 and 30 factors which it was felt might bear some relation­
ship to the traffic death rate. The seven factors that gave the highest simple correla­
tions with the death rate are listed below. 

Correlation with 
Factor the death rates 

Percent of all roads and highways that is surfaced -0. 5992 
Population density -0. 5849 
Percent of total state highway mileage that is rural +0. 5710 
Percent of population that is urban -0. 5159 
Per capita consumption of malt beverages -0.4785 
Percent increase in motor vehicle registration +0.4460 
Percent of high schools with driver education -0.4439 

A multiple correlation coefficient between the death rate and the 12 factors most 
closely related to the traffic death rate was computed. The coefficient was 0. 8800. 

Since many of the factors contributed very little to the multiple correlation, another 
multiple correlation coefficient was computed using the six factors out of the twelve 
that contributed most to the multiple correlation coefficient. The multiple correlation 
coefficient using these six factors was 0. 8343 indicating that 70 percent of the variabil­
ity among the states in 1952 could be accounted for by these six factors alone. This 
same formula with 1953 data was used for predicting the 1953 traffic death rates. The 
correlation between the actual and predicted rates for 1953 was 0. 90. These factors 
and the weight given each in predicting the traffic death rates are listed below. 

Percent of Total 
Factor Beta Coefficient Weight 

Percent of total state highway mileage 0. 5215 30. 6 
that is rural 

Percent of increase in motor vehicle 0. 3542 20. 8 
registration 

Extent of motor vehicle inspection -0. 2831 16.6 
Percent of state administered highway -0.2597 15.3 

mileage that is surfaced 
Average yearly minimum temperature 0.1447 8.5 
Income per capita -0.1395 8.2 

lUDTD 
From the above i t is apparent that states with high traffic death rates also have: (1) 

a higher percentage of highway mileage that is rural, (2) a greater increase in motor 
vehicle registration, (3) less motor vehicle inspection, (4) a smaller percent of the 
state highways surfaced, (5) a higher temperature, and (6) a smaller income per capita. 

This study provides a new and better criterion than the simple death rate for evalu­
ating the effect of certain factors on the death rate. 

The extraneous effect of these six factors on the death rate can now be eliminated by 
subtracting the actual rate from the predicted rate. This difference can then be corre­
lated with some other factor, such as normal driving speeds in the various states, to 
get a measure of the effect of speed on the accident rate. This gives a better criterion 

19 



20 

than correlating speeds with the simple death rate since the simple death rate is so 
seriously affected by the six factors previously mentioned. 

INTRODUCTION 
Traffic death rates (deaths per 100,000,000 vehicle miles) vary widely among the 

48 states. This variation apparently is not the result of chance since some states con­
sistently have low rates year after year, while other states have high rates year after 
year. Four examples are given below: 

High Rate States Low Rate States 
Year New Mexico South Carolina Massachusetts Rhode ] 
1945 15.1 17. 2 7.2 6. 6 
1946 13.7 16.5 5.5 4. 8 
1947 11. 8 12.4 5.2 4.7 
1948 11.4 11.5 4.2 2. 9 
1949 10.1 11.0 4.2 3.0 
1950 9.0 12.3 4.3 3. 8 
1951 12.9 12.0 3.9 3. 0 
1952 10.9 12.0 3.7 3. 0 
1953 11.7 8.2 3. 8 2.4 
1954 10.3 11.2 4.1 2.9 
SOURCE: Accident Facts, National Safety Council 

The same information is shown graphically in Figure 1. Further evidence that 
these differences are not due to chance is indicated by the correlation of state traffic 
death rates for one year with the rates for the following year. Correlations for several 
years are given below: 

Correlation Coefficient^ Years 
1949- 50 
1950- 51 
1951- 52 
1952- 53 

0.9121 
0. 9377 
0. 9389 
0. 9490 

^ 1. 0000 indicates a perfect correlation in which the rates for 
one year would be exactly proportional to the rates for the 
following year. A "0" correlation would indicate no relationship. 

Since the rates vary greatly from state to state and since they are fairly consistent 
from year to year the question arises: Why do some states consistently have high traf­
fic death rates while others consistently 
have low rates? This study is an effort 
to determine those factors whice are most 
highly related to the state death rates. 
These factors are generally of two types: 
(1) physical factors such as weather, pop­
ulation characteristics, etc, over which 
public and civic officials have little con­
trol and (2) education and enforcement 
programs which are aimed at controlling 
the driving and walking behavior of the in­
dividual. 

FACTORS RELATED TO TRAFFIC 
DEATH RATES 

In this analysis a large number of fac­
tors were studied in an effort to determine 
which were most highly related to the 
death rate (see Table 1). A second analysis 

Mosi 

Figure 1. Some s tates cons is tent ly have 
high t r a f f i c death rates while others con­

s i s t ent ly have low death rates . 
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TABLE 1 
CORRELATION OF VARIOUS FACTORS WITH THE TRAFFIC DEATH RATE 

Factor Average 
Correlation with 1952 

Traffic Death Rate 
Non-pedestrian death rate - 1952 
(Non-pedestrians killed per 100,000 
population - AAA and Accident Facts, 
1953) 
Percent of all roads and highways that 
is surfaced - 1952. (Bureau of Public 
Roads, Table M-3, 1953) 
Population Density - 1950. (Persons 
per square mile) 
Percent of total state highway mileage 
that is rural - 1952 (Bureau of Public 
Roads, Table M-3, 1953) 
Percent of population that is urban -
I55D 
Consumption of malt beverages - 1952 
(Table 41, Brewer's Almanac, 1954) 
Percent increase in motor vehicle 
registration - 1951-52, (Bureau of 
Public Roads, Table MV-1, Sept. 1953) 
Percent of high schools with driver 
education - 1952, (Report of Assn of 
Casualty and Surety Cos., Sept. 3, 1953) 
Rating of follow-up program on danger­
ous drivers (Larger figure represents 
better program. From "Changing Times," 
Kiplinger Magazine, March, 1951) 
Percept of state adminlatered highway 
mileage that is surfaced - 1952 (Bureau 
of Public Roads, Table SM-1, 1952) 
Pedestrian death rates - 1952 (Deaths 
per 100,000 pop.) Pedestrian Program, 
AAA 
Income per capita - 1952 (World Alma-
nac) Hundreds of dollars 
Quality of driver testing ("Changing 
Times," Kiplinger Magazine, March, 
1951, larger number indicates better 
testing program) 
Amount spent per dai^erous driver on 
follow-up program - 1950 (Source, 
"Changing Times," Kiplinger Magazine, 
March 1951) 
Average yearly minimum temperature, 
(Climatic Guide, AAA, Wash., D. C.) 
Driver education rating - 1952 (Assn 
of Casualty and Surety Cos, N. Y. C., 
N. Y. Higher number indicates a better 
rating.) 
Extent of motor vehicle inspection -
1951 (The Book of the States, 1952-53) 
10 indicates states requiring inspection 
7 Indicates states requiring partial inspec 
3 indicates states requiring spot inspec. 
1 indicates states requiring no inspection 

21. 5 per 100,000 pop. 

60.6% 

110.1 per sq mile 

88.1% 

55.0% 

14. 7 gaL per capita 

3.1% 

45.4% 

2.2 

93.7% 

5.1 per 100,000 

$14 

2.5 

$0. 047 per driver 

44.1 degrees 

100.8 

4.8 

0. 7631 

-0. 5992 

-0. 5849 

0. 5710 

-0. 5159 

-0. 4785 

0.4460 

-0.4439 

-0. 4301 

-0. 4230 

0. 3949 

-0. 3911 

-0. 3841 

-0. 3879 

0. 3049 

-0. 3038 

-0. 2934 
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TABLE 1 (Continued) 

Factor Average 
Correlation with 1952 

Traffic Death Rate 
Percent of increase in gas consumption 
1952 over 1951 (Bureau of Public Roads, 
Table G-2, 1952) 
Percent of increase in population 
im over 1940 
Average annual precipitation (Climatic 
Guide, AAA) 
State disbursements for safety education 
1952, (Bureau of Public Roads, Table 
SF-4, 1953) 
State disbursements for highway con­
struction - 1952 (Bureau of Public Roads, 
Table SF-4, 1953) 
Disbursements for highway maintenance $5. 54 per capita 
1952 (Bureau of Public Roads, Table 
SF-4, 1953) 
Total state population - 1950 
Wine consumption - (Wine Institute 
Bulletin No. 710, May 28, 1954) 
Disbursements for state highway police 

5. 62% 

14.6% 

33.6 inches 

$0.027 per capita 

$15. 81 per capita 

3,072,910 
0. 71 gal. per capita 

1952 (Bureau of Public Roads, Table 
SF-4, 1953) 
Percent of population that is non-drivers 
1952 (Automobile Facts and Figures, 
34th Ed., 1954) 
State highway police per 100,000 popu­
lation - 1951 (The Book of the States, 
1952^53) 
Consumption of distilled spirits - 1952 
(1953 Annual Statistical Review, The 
Distilled Spirits Industry) 
Expenditure for Testing for Driver's 
License - 1950 ("Changing Times," 
Kiplinger Magazine, March, 1951) 

0. 71 per capita 

53.0% 

10. 6 per 100,000 pop. 

1.18 gal, per capita 

$0,108 per driver 

0. 2699 

0, 2254 

-0, 2105 

0. 2087 

0, 2316 

0,1858 

-0.1839 
-0,1127 

0.1069 

-0.0863 

-0. 0837 

-0, 0555 

-0, 0313 

was made to determine the combination of factors most closely related to the death rate. 
The simple correlation coefficients in Table 1 do not tell the whole story. If several 

important factors are put together their over-all relationship to the traffic death rate 
wi l l be greater than that of any individual factor. Below are listed the factors most 
highly related to the traffic death rate: 

Factor 
Percent of all roads and highways 

that is surfaced 
Population density 
Percent of total highway mileage 

that is rural 
Percent of population that is urban 
Consumption of malt beverages 
Percent increase in motor vehicle 

registration 
Percent of high schools with driver 

education 

Correlation with Beta Percent of Total 
Traffic Death Rate Coefficient Weight 

-0. 5992 -0.1075 4. 3 

-0. 5849 0.1077 4.0 
0. 5710 0.6061 24.0 

-0.5159 0.1140 4.5 
-0.4785 0.1560 6. 2 
0.4460 0.3359 13.3 

-0.4439 -0,0023 0.1 
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Correlation with Beta Percent of Total 
Factor Traffic Death Rate Coefficient Weight 

Follow-up program on dangerous -0.4301 -0.1743 6. 9 
drivers 

Percent of state administered -0.4230 -0.3013 n . 9 
highway mileage that is surfaced 

Income per capita -0. 3911 -0. 2375 9.4 
Average yearly minimum temperature 0. 3049 0.1968 7. 8 
Extent of motor vehicle inspection -0. 2934 -0.1909 7.6 

100.0 

By the process of multiple correlation it is possible to determine the weight which 
should be given to each of these factors to obtain the highest correlation with the traffic 
death rate. The Beta Coefficient represents the relative weight assigned to each fac­
tor. If these weights are used then the multiple correlation between these factors and 
the traffic death rate becomes 0. 8800. 

SIX FACTORS ACCOUNT FOR 70 PERCENT OF VARIATION IN TRAFFIC 
DEATH RATES 

In looking over the weights given to the various factors it is evident that a number of 
factors contribute very little to the multiple correlation coefficient. In an effort to 
simplify any prediction formula another multiple correlation coefficient was computed, 
using only the following six factors which are given the most weight: 

Correlation with Beta 
Factors Traffic Death Rate Coefficient 

Percent of Total 
Weight 

Percent of total highway mileage 0. 5710 0. 5215 30.6 
that is rural 

Percent of increase in motor 0.4460 0. 3542 20. 8 
vehicle registration 

Percent of state administered highway -0.4230 -0. 2597 15.3 
mileage that is surfaced 

Income per capita -0. 3911 -0. 1395 8.2 
Average yearly minimum temperature 0. 3049 0.1447 8.5 
Extent of motor vehicle inspection -0.2934 -0. 2831 16.6 Extent of motor vehicle inspection 

100.0 

This information is shown graphically in Figure 2. 
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Figure 2. Six factors accounted for 0.70 
percent of the variation in t r a f f i c death 

rates among states during 1952. 

FORMULA FOR PREDICTING 
DEATH RATES 

From the beta coefficients in the above 
table a formula was developed for predict­
ing the 1952 traffic death rate using these 
six factors. This formula becomes: 

Traff ic Death Rate = 3 481 
+0 105 

Sample Computation 
For Rhode Island 

Percent of highway mileage 
that is rura l 

+0 274 Percent increase in motor 
vetucle registration 

-0 0624 Percent of state administered 
highway mileage that is surfaced 

-0 000863 Income per capita 
-fO. 03659 Average yearly minimum 

temperature 
-0 14651 Extent of motor vehicle inspection 

4 317 

-1 381 
1 500 

-0 146 

This formula was used to conopute the 
expected rate for 1952. Both the actual 
and expected rates for 1952 are given in 
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TABLE 3 
INTERCOHHSLATIONS OF FACTORS RELATED TO TRAFFIC DEATH HATKS 

Futor 1 2 3 4 S 8 7 8 9 10 11 11 13 14 16 16 17 18 19 30 31 33 
1 Total tnOic mllMg* 

dNth rata {1K2) 
> Hon-padeatnan populaUon 

daaUi rate (19SS) 
3 Parent of all blghwaya 

T8S1 

- B9B1 - STTl 

4 Popnlatum danaitr 
B % of total hwy mUeage 

tbat Is rural 
5 % of population tint la 

- fiS49 
BTIO 

- BIBB 

- S4M 
BS81 

- 3393 

B8B4 
- S390 

4893 

- 9137 

- SSSl - 7181 

T Conaumptloa erf malt 
beveraces 

8 % Incraana of motor 
vehicle reg 'S I - S3 

9 t of schoala with drher 

- 4TBS 

44Sa 

- 4439 

• 13T1 

3S3B 

- 3092 

4070 

- 202S 

3882 

430S 

0324 

SMS 

. 3889 

- 0832 

- 4B87 

eaoB 

0370 

6405 

- 1B48 

5643 • 08S1 

ID FollMr-iv proframs on 
danferouB dmera 

11 % of state adm bwj 

- 4301 

- 4330 

- ISST 

- 3228 

3ST4 

3838 

3BBB 

13S7 

- 3BB3 

- 1797 

4S1S 

368B 

2828 

3070 

0318 

- 2120 

0018 

- 0503 - 1S02 1 
13 Pedestrlaa daatb rata 
IS ZncoBie per capita 
14 Money apent for tollow-iv 

3949 
- 3911 
• s n s 

2IB9 
0138 

- 1433 

0831 
3203 
19T8 ill

 - 0911 
- 2020 
- 190B 

2979 
8421 
S105 

0733 
S138 
3737 

8138 
0068 

• 0012 

1370 
8089 
BBSS 

0503 
3309 
S054 

- S430 
1810 

- BBSS 
n i l 

- 1501 1990 

IB Rating on qoalUr of drtrar - SStl - 3310 2318 31BS - SMS 3348 0349 0404 3489 1047 - 0608 OBST tBBO 4039 

IB Average yearly 
leinperatureB 

IT Driver edneatlOD pragraa) 

3049 

- 3038 

- 0894 

- 083T 

0182 

2S0S 

- 0329 

8S09 

- 1304 

- 1404 

- 03S2 

4BTB 

- 4S28 

4443 

3074 

- 1017 

- 3834 

8806 

- 1037 

44B0 

- 0317 

- 0397 

3471 

- 8033 

- 3055 

6867 

• 24B0 

3744 

1B61 

S 9 » - 2010 

IS Extent of auto lii^actlan 
19 ft of iDcrease In gas con­

sumption Sl-'53 
30 DIslmrsBments for new hwy 

- 3934 
SB09 

U l f l 

- 3741 
2SSS 

BT9S 

2S8t 
- 0228 

- S909 

10B3 
01S9 

- 3373 

- 0097 
- 1108 

3034 

0703 
1138 

~ 1306 

OOIT 
0138 

IIBB 

- 04B8 
6330 

3033 

0191 
1065 

1051 

4815 
1884 

09B9 

- 1115 
. 373S 

- 3074 

080S 
B833 

0639 

0851 
OTOr 

•681 

3003 
0313 

IBBO 

1800 
1181 

0011 

• 1011 
4041 

- 3861 

00(8 
0700 

1809 

0704 

1200 DBII 

81 % of Increase In population 33S4 3274 - 0399 - OSBS - 119B 3870 3I9S S988 3003 8784 - 074S BBSS 4306 0034 3899 2017 1338 0331 SOBS 3963 a 

33 Average yaarlr total 
precipitation 

3S Uafaursemeata for naietj 
•dueatloa 

• 210S 

3087 

- S943 

3108 

8380 

- l l l f l 

3343 

- 140B 

- 388B 

10S9 

02ST - 3415 

- 0151 

013B 

0101 

- 1BB7 

- 0031 

- 0017 

29Si 

00*7 

- 130S 

- 0435 

lUB 

- 3033 

0473 

013T 

1760 

1790 

3039 

6008 

- 13B2 

• S45S 

U94 

1241 

3118 

0338 

0804 

- 41U 

«3S4B 

- 3030 

3373 

X 

- S39S 

TABLE 3 
DATA FOR PREDICTING 1952 TRAFFIC DEATH RATES 

% of state % of increase % of state 
Income per Average yearly 

Extent of Traffic Death Rates 
State highway mileage in motor highway mileage Income per Average yearly motor vehicle 1952 1952 1953 1953 

that I S rural vehicle reg surfaced capiU ($100) minimum temp inspection Predicted Actual Predicted Actual 
Alabama 89 8 8 89 10 56 7 9 9 9 7 10 3 8 5 
Aruona 94 12 7 93 14 96 1 11 7 10 6 10.6 9 8 
Arkansas 93 1 6 97 9 S3 1 8 7 9 1 9.5 8 3 
California 84 4 6 98 20 52 1 7 S 7.4 7 8 6 6 
Colorado 94 3 8 85 16 37 10 7 6 6.9 7 0 5 8 
Connecticut 69 3 S 100 20 41 3 4.8 3.2 5 0 3 6 
Delaware 87 4 S 82 22 45 10 7 0 8 0 8 2 7 5 
Florida 77 8 4 99 13 64 1 8 8 7.8 9 3 7 5 
Georgia 90 6 2 88 11 54 1 10 0 9 1 9.7 7 9 
Idaho 96 4 1 92 14 38 1 9 1 8 9 9.1 7 5 
Illinois 83 2 1 100 19 43 7 5 5 7 3 6.0 7 2 
Indiana 88 1 0 100 16 44 1 6 9 8 0 7 8 7 4 
Iowa 91 - I 4 100 15 40 7 5 6 5 2 6 7 5 7 
Kansas 94 2 7 97 16 44 1 8 1 7 3 8 6 7 0 
Kentucky 94 4 4 99 11 48 1 9 1 10 0 9 S 10 4 
Louisiana 86 2 8 100 12 62 1 8 2 9 2 9 5 9 1 
Maine 95 2 9 98 13 33 10 6 8 4 5 6 3 5 3 
Maryland 86 6 0 100 17 47 10 6 7 7 0 6.4 6 5 
Massachusetts 73 2 5 100 17 42 10 4 2 3 7 4.4 4 0 
Michigan 87 0 3 99 18 36 1 6 2 7 3 8.1 7 4 
Minnesota 90 -0 8 94 14 36 7 6 0 5 2 7 3 5 9 
Mississippi 94 2 9 100 8 56 10 7 8 8 4 8 7 7 5 
Missouri 89 0 8 100 15 45 1 7 0 6 5 7 8 6 4 
Montana 97 2 4 93 16 33 7 7.4 9.3 8 7 8 4 
Nebraska 95 1 1 99 15 41 1 7 7 5.8 7 9 5 9 
Nevada 98 8 8 86 22 36 1 10 1 11.7 11.4 10 3 
New Hampshire 91 1 6 100 15 33 10 5 7 4 4 6.8 4 9 
New Jersey 59 4 0 95 19 43 10 3 3 4 7 3.5 4 1 
New Mexico 97 5 5 75 13 41 10 9.4 10 9 11 0 11 5 
New York 79 1 6 91 20 41 1 6.2 5 9 6.9 6 0 
N. Carolina 89 3 5 78 10 51 10 8 5 8.5 9.3 8 2 
N DakoU 98 0 7 95 12 29 1 7 9 8 1 8.4 7 6 
Ohio 84 3 0 100 18 43 1 6.8 6 8 7.0 

8 8 
6 5 

Oklahoma 92 2 7 97 12 49 1 8 S 7 1 
7.0 
8 8 6 3 

Oregon 92 3 3 91 17 44 7 7.5 6. 8 7.8 6 0 
Pennsylvania 84 2 5 90 17 44 10 6 1 5.5 6 4 5.1 

2 8 Rhode Island 41 4 1 98 16 41 1 2.8 3 0 2.8 
5.1 
2 8 

S Carolina 92 4 8 69 10 54 1 11.1 12 0 10 7 11 0 
S Dakota '98 -0 6 97 12 35 1 7 7 7 4 8 3 6 5 
Tennessee 93 2 4 99 11 51 7 7 6 8 4 10 3 8.3 
Texas 88 -0 2 100 14 57 7 6.3 7 2 8.0 6 6 
Utah 88 2 S 87 14 38 10 6 7 8 8 7 6 7 3 
Vermont 94 1 6 100 13 36 10 6 3 5.1 6 3 S 8 
Virginia 92 5 4 93 13 50 10 8 1 8 3 7 9 7 5 
Washington 89 1 7 99 18 45 10 5 8 6 2 7.0 5 1 
W Virginia 92 0 9 61 12 41 3 9 6 8 1 10.3 8 7 
Wlsconsm 90 0 3 100 16 39 1 6.7 7 5 7.9 

8.3 
7.1 

Wyoming 97 3 4 99 16 30 1 8.0 9.2 
7.9 
8.3 9 1 

Table 3. The correlation between these two sets of figures was 0. 8343. 
With a multiple correlation coefficient of 0. 83 it is evident that about 70 percent of 

the variation in traffic death rates among the various states can be accounted for by the 
six factors considered. A high correlation coefficient does not necessarily mean that 
one factor is the cause of another. Both factors may be the result of a third factor. 
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This relationship is further illustrated 
in Figure 3. 

As a matter of interest, the correlation 
between the predicted rate for 1952 and the 
actual rate for 1953 was 0. 8475 indicating 
that factors highly related to traffic death-
rates in 1952 were at least as closely re­
lated to the death rates in 1953. 

The death rate for 1953 was also pre­
dicted by using the above formula but sub­
stituting 1953 information that was avail­
able. This included the following: (1) per­
cent of total state mileage that is rural, (2) 
percent of increase in motor vehicle regis­
tration 1952-53, (3) percent of state ad­
ministered highway mileage that is sur­
faced, and (4) income per capita. 

The correlation between the actual and 
predicted rates for 1953 was 0. 90 indicat­
ing that about 80 percent of the variation 
among the states could be accounted for by 
these six factors (see Figure 4). 

The use of this formula in predicting 
expected rates can best be illustrated by 
taking two extreme cases illustrated in Fig­
ure 3. Rhode Island had an actual rate of 
3. 0 in 1952, the lowest of all 48 states. 
The predicted rate based on the six factors 
in the formula was 2. 8. In other words, 
Rhode Island had about the death rate that 
would be expected. 

On the other hand, South Carolina had 
the highest actual rate 12. 0 and the second 
highest predicted rate, 11.1. Why are 
these two states on opposite ends of the 
scale? This question is answered by com­
paring the two states on the six factors in­
cluded in the formula for predicting traffic 
death rates. 

Rhode Island South Carolina 
+41% 

+41 

+92% 

+48 

- 1 

+54 
-10 

Percent of state administered 
highways that is rural 

Percent increase m motor 
vehicle registration 

Extenslveness of motor vehicle - 1 
inspection 

Percent of state administered -98 
highway mileage that is surfaced 

Average yearly minimum temperature +41 
Income per capiU (hundreds of -16 

dollars) 
Plus factors are those which tend to increase the predicted rate 

In each case, except motor vehicle inspec­
tion, Rhode Island has the advantage. Even 
though the actual death rate of South Carolina 
is four times as great as Rhode Island both 
rates are about what you would expect from 
the character of the two states with re­
spect to the six factors considered. In other 
words a high death rate does not necessar­
ily indicate that the state is doing a poor job. 

12 

10 

r 

C V I C 

1 1 
NH . 

1 / 

/ m 

Uti 
s 

Mont 

! 

• / • ' 
• 

1 1 " 

/ *! VA^e 

-Nebr 

; V • 

•R" 83 

o z 4- e B W /2 
I 9SZ Predicted Death Rote 

Figure 3. For 1952 the correlation between 
the ac tua l and predicted t r a f f i c death 

rate was 0.83. 
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Figure 4. For 1953 the correlation between 
the ac tua l and predicted t r a f f i c death 

rate was 0.90. 

Figure 4 above is based on the following 
information: 

A. Percent of highway mileage that is 
rural - 1953, 

B. Percent increase in motor vehicle 
registration - 1952-53, 

C. Percent of state administered high­
way mileage that is surfaced - 1953, 

D. Income per capita - 1953, 
E. Average yearly minimum temperature, 
F. Extent of motor vehicle inspection -

1951. 
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TABLE 4 
RANKING OF STATES BY ACTUAL 

DEATH RATES COMPARED TO 
EXPECTED RATES 

Predicted Rate 
Rank State Minus Actual Rate 

1 Maine +2,3 
2 Nebraska +1.9 
3 Connecticut +L6 
4 West Virginia +1,5 
5 New Hampshire +1,3 
6 Arizona +1,1 
7 Delaware +1,0 
7 Florida +1,0 
8 Georgia +0,9 
9 Kansas +0,8 
9 Minnesota +0,8 
9 Vermont +0. 8 

10 Colorado +0.7 
11 Oregon +0.7 
11 Oklahoma +0,6 
12 Pennsylvania +0,6 
13 Massachusetts +0.5 
13 Missouri +0.5 
14 Iowa +0.4 
15 New York +0.3 
15 South Dakota +0.3 
16 Alabama +0,2 
16 Idaho +0.2 
17 California +0,1 
18 North Carolina 0 
18 Ohio 0 
19 North Dakota -0,2 
19 Rhode Island -0,2 
19 Virginia -0.2 
20 Maryland -0,3 
21 Arkansas -0,4 
21 Washington -0,4 
22 Mississippi -0.6 
23 Tennessee -0,8 
23 Wisconsin -0,8 
24 Kentucky -0,9 
24 South Carolina -0,9 
24 Texas -0,9 
25 Louisiana -LO 
26 Indiana -1.1 
26 Michigan -1.1 
27 Wyoming - L 2 
28 New Jersey -1.4 
29 New Mexico -1.5 
30 Nevada -1.6 
31 Illinois - L 8 
32 Montana -1,9 
33 Utah -2,1 

USE OF THE PREDICTED RATES 
Death rates are frequently used for com­

parative purposes. For example, it may 
by desirable to obtain some measure of the 
relationship between speed limits and the 
death rate. Erroneous conclusions wil l re­
sult if the actual death rate only is con­
sidered. In such a study all states would 
be considered, but for illustrative purposes 
we may compare two states. Oklahoma has 
a speed limit of 65 and a death rate of 7.1. 
Massachusetts has a speed limit of 40 and 
a death rate of 3. 7. On the surface it looks 
like a lower speed limit is associated with 
a lower death rate. Actually, however, by 
means of the prediction formula, we find 
that Massachusetts and Oklahoma both had 
a rate below that expected when the six 
factors in the formula are considered. 
Massachusetts has a rate 0. 5 below that 
expected and Oklahoma, 1. 3 below that ex­
pected. Therefore, when other factors are 
taken into consideration, Oklahoma has a 
better record than Massachusetts. The 
data do not substantiate the original con­
clusion that a lower speed limit is associ­
ated with a lower death rate. 

In studying other factors to determine 
their relationship to or affect on the death 
rate, i t seems much more reasonable to 
use as a basis the amount the actual rate is 
below or above the expected rate rather 
than the actual death rate by itself. By 
doing this the effect of extraneous factors 
can be reduced and the net effect of the 
special factor studied can be more accu­
rately determined. 

In Table 4 the states have been ranked 
in order by subtracting the actual rate from 
the predicted rate. States with a large pos­
itive difference are at the top of the list, 
indicating that their actual rates were much 
below the expected rates, the e jected rates 
being based on the six factors previously 
mentioned. 

In making an evaluation of the relation­
ship to or affect on the death rate of a given 
program, i t would seem more reasonable 
to use the rankings of the states in Table 4 
rather than the ranking of states based on 
the actual death rates. 

MISCELLANEOUS RELATIONSHIPS 
In this analysis 253 simple correlation 

coefficients were computed (see Table 2), 
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Some of the relationships are quite substantial and of considerable interest. Some of the 
more significant relationships are briefly summarized below: 

1. A high non-pedestrian death rate is associated with: 
a. a high total traffic death rate 
b. a small percentage of highways surfaced 
c. a low population density 
d. a high percentage of highway mileage that is rural 
e. a high expenditure of funds for new highway construction 
f . a low precipitation 

2. A high percentage of the highways that is surfaced is associated with: 
a. a low non-pedestrian death rate 
b. a low population density 
c. a high percentage of state highways that is rural 
d. a high per capita cost for highway construction 
e. a low annual precipitation 

3. A high population density is associated with: 
a. a low non-pedestrian death rate 
b. a high percentage of highways that is surfaced 
c. a low percentage of state highways that is rural 
d. a high percentage of population that is urban 
e. a high percentage of schools with driver education 

4. States that have a high percentage of state mileage that is rural also have: 
a. A higher non-pedestrian death rate 
b. a lower percentage of highways surfaced 
c. a lower population density 
d. a smaller percentage of population that is urban 

5. States that have a high percentage of population that is urban also have: 
a. a greater population density 
b. a lower percentage of highways that is rural 
c. a greater per capita consumption of malt beverages 
d. a larger percentage of schools with driver education 

6. States that have a high per capita consumption of malt beverages also have: 
a. a higher percent of the population that is urban 
b. a larger percentage of schools with driver education 
c. a greater income per capita 

7. States with the greatest increase in motor vehicle registration also have: 
a. a higher pedestrian death rate 
b. a greater increase in gasoline consumption 
c. a greater increase in population 

8. States with a higher percentage of schools giving driver education also have: 
a. a greater population density 
b. a greater percent of population that is urban 
c. a greater per capita consumption of malt beverages 
d. a greater income per capita 

9. States with better follow-up programs on dangerous drivers also have: 
a. a higher percentage of schools with driver education 
b. more money spent on follow-up of dangerous drivers 
c. a better driver testing program 

10. States with a high pedestrian death rate also have: 
a. a greater increase in motor vehicle registration 
b. a poorer driver education program 
c. a greater increase in gasoline consumption 
d. a greater increase in population 

11. States that spend more to follow up dangerous drivers also have: 
a. a better follow-up program on dangerous drivers 

12. States with better driver testing programs also have: 
a. better follow-up programs on dangerous drivers 
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13. States that have warmer climate also have: 
a. more precipitation 

14. States with a better driver education program also have: 
a. better follow-up programs for dangerous drivers 
b. a lower pedestrian death rate 
c. more income per capita 

15. States with the greatest increase in gasoline consumption also have: 
a. a greater increase in motor vehicle registration 
b. a higher pedestrian death rate 
c. a greater increase in population 

16. States that spend more per capita for new highway construction also have: 
a. a higher non-pedestrian death rate 

17. States with the greatest increase in population also have: 
a. a greater increase in motor vehicle registration 
b. a higher pedestrian death rate 
c. a greater increase in gasoline consumption 

18. States with heavier precipitation also have: 
a. a lower non-pedestrian death rate 
b a higher percentage of highway that is surfaced 
c. a higher average temperature 



Highway Accident Analysis Through Use 
Of IBM Punch Cards 
PAUL R. T U T T , Senior Traffic Engineer, and ' 
WILLIAM R. W E L T Y , Senior Traffic Engineer 
Traffic Engineering Section, Division of Maintenance Operations 
Texas Highway Department 

# THE need for more esdensive use of traffic accident records by Texas highway engi­
neers has been recognized for many years. Until recently, however, there was no 
machinery set up which made the records readily available to the engineer, and the size 
of the job of setting up such machinery was rather formidable. The use of and avail­
ability of accident records at the district level were particularly poor, and this is prob­
ably the level at which the greatest benefit can be derived from the use of such records. 
For purposes of highway administration, Texas is divided into 25 districts, each of 
which includes about ten counties under a district engineer. These district organiza­
tions are the backbone of the Department, and it is here that accident records can be 
used directly and can be applied to specific problems. 

The need for providing accident data at the district level was the most important fac­
tor to be considered in any accident analysis system that might be adopted. A brief 
survey of the situation indicated that if any such use of accident records was to be made, 
it would be necessary to set up a system which could furnish complete data regularly 
and in a form which lent itself to highway engineerii^ uses. A further study of the situ­
ation showed that this would not be a small job, primarily because of the number of ac­
cidents, the number of miles of highway, and the yearly vehicle miles to be considered. 
Since the responsibility of the Highway Department lies primarily in rural areas, the 
analysis program was limited to rural highways and highway routes within cities of 
2,500 population and less. It can be expanded to include larger cities if this is later found 
to be desirable. 

There are about 23,500 miles of rural US and state highways in Texas and about 
23,000 miles of rural farm to market roads. Over 16. 5 billion miles were driven on 
these highways in 1954, and there were approximately 30,233 accidents. To handle 
such large volumes of information efficiently, it was decided, would require some sort 
of mechanical processing. A study of the methods used in other states was made, but 
no system was found which seemed to quite f i l l the need without considerable modifica­
tion. It was, however, decided that IBM punch cards, which were used by several 
states, were the most feasible means of handling the data. 

The source of the accident records is the files of the Statistical Division of the Texas 
Department of Public Safety. Texas law requires that a report be filed by each driver 
involved in an accident in which the total property damage amounts to $25 or more or 
in which any person is killed or injured. These reports are submitted to the Depart­
ment of Public Safety where they are processed and filed. Considerable use of the re­
ports and numerous analyses are made by the Department of Public Safety, none of 
which fills the needs of the highway engineer, primarily because exact location infor­
mation and collision diagrams are not given sufficient consideration. The reports which 
the drivers and officers submit are on the standard accident report form recommended 
by the National Safety Council and are filed yearly by county and date. These records 
have been available to the highway engineers since 1939, but working with such a great 
volume of reports made extensive manual analyses extremely laborious. To add to the 
difficulty, although it increased rural reporting about 85 percent, a safety responsibility 
law became effective m Texas in 1952. This made it necessary for a large number of 
accident reports to be removed from the files for long periods of time and rendered the 
files almost useless as far as the highway engineers were concerned. 

These difficulties, which the engineers encountered in trying to use the records as 
filed by the Department of Public Safety, led to the establishment of the Accident Anal­
ysis Section of the Division of Maintenance Operations of the Highway Department. It 
consists of a traffic analyst and four junior traffic clerks. After the reports have been 

29 



30 

TEXAS POLICE OFFICERS' COtriOENTIAL ACODENT REPORT MML TO Btpartmun of Putte SaMy, Ma Aialm Sla, Jluslm. nict 

PLACE WHERE 
ACCIDENT OCCURRED- Coke Bronte 

ROAD ON WHICH 
ACODEMT OCCURRED U.S. 277 

B AT ITS INTERSECTION WITH o.n. 158 

• NOT «T INTERSECTION -\ ' *, 

A p r i l 20, Tuesday $830 

Lee 

5 R 

nam 

Or rw 

Coat 

FAT PI PD 

CHARACTER 

|X Straight rood 
• C u m 

|X Ltvil 
• On grant 

• Concrtt t 
{ » BlOChlop 

• Brick 
• Groift i 
• art 

SURFACE CONDITION 

• wtt 

• Snowy 
pier 

• Ottictnrt ihouldara 
• HolM, Mtp ru ts , bumps, tt 
• L O O M motorMl on wrfoct 
• Undw GonatnicKon 

X No dtfoeti 

TRAFFIC CONTROL 
CMW* Mf «f mort} 

• OMicar or votctimac 
3B Stop-ond-go or tIailMg b t̂ 
• Stop ugn 
D Wornng w«n {CUTH, MhooJ.otc 1 
• tatrood c roHmg gotoi 
• Roilroad autsmotte •ignol 
• On* May itrott 
• Trofftc lonai pgintad or morliid 
XCtnm ilnpo 
• 
• No traffic control prtMM 

KIND OF LOCALITY 

mihm 300 fttt wM frmwify 

a MonufoeturMg or iitdiHtriat 

ShoppMS or buwiou 

• Rawdaniiol diatnct 

• School or ployground 

• Optfi country 

LIGHT 
m k K f mm/ 

X Daylight 
aousn 
• Damn 

• Dorkrtaia-strMt Itghti 
O OorkBaat- no itraat lighta 

WE4THER 

X Claar 
• Roming 
• Snowing 
• Fog 

VEHICLE No I -

'52 Che^^,:' Panel Truck M h i c l . • Load.d 
• Em,t, 

'5U Texas Z/Z Ul02 'SZf" 

DRIVER M^ry E l l e n Doe, 619 Lake Austin Boulevard, Austin, Texas ,„ 19 s.. ^ 
^ or.«r'. Texas 93752001 

• Com Op 
g""̂"*. Student 

, tie ^ f«VMMr, <lKMr, M M M r * , 

Ortving 
Eiporianc* Statt 

30 
Win, Doe 

L.gol 

Spild L<i>t 
30 

-Same-
m p IL s«f. Sp«ad JO ApproRinMli eopi 

K r i pov vihcll 1 250.00 

T . h O T ? ^ SJPILi 
VEHICLE No 2 -

'53 MertJjUi,:' Coach C.'.'.>»" 

John H. Rhoe, 2102 Lavaca Street, 

' W 

• c c k l . . l 10 n p l i 

Salesman 
iivmur, <b.hr, Mn O f t , lit 

La«dl 
Sp«id Limit 

•5U Texas Z/Z 1̂ 905 ST.;*" 

Austin, Texas 

Texas 9960000? g?p:::;"i-
OCCin Op 

GEmpl, 
U, tie 

UO ^ M 

30 
EiptrlaiMd 

Uoiknum 
Sofa Spaad n»li 

\iMcla 

Appraiifliata coal 
10 rapdff vahiala , 100.00 

driven away 

DAMAGE TO PROPERTY 
OTHER THAN VEHICLES None cpal la rapoir t 

No I- »"»• Addraaa 
O waa paraafl hilad ? 

Addrasa 
Wai parson ktllod ' 
By 

• Drmw T_ kl « 

Addrtit 
Addraaa 

Figure 1. Typical t r a f f i c accident report. 
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INDICATE O N T H I S D I A G R A M W H A T H A P P E N E D 

1 ° 

INSTRUCTIONS J Fo//ow aoma Un§» 10 draw 
outlint of roaiwoy at piaet of 
aceidtnt 

g Number taeh vtttXIa ana shew 
airaetion of troval Dy errom 

E X D 
3 Utt sohH lint to thaw path 

b»faf§ accultnt CD , 
aoltta lint efttf aeeidtnt 

- — a > 
4 Show ptatstfian bj/ O 
5 Shorn railroad by 
S Sfi»w dtsfonct ond Oirteuan 

to londmarkt, idtotity kmdmarki 
by nomt or numbtr 

F l a s h i n g L i g h t 

R e d - E a s t & W e s t 

A m b e r - N o r t h & S o u t h e 
INDICATE NORTH 

W H A T D R I V E R S W E R E DOING 
CCIi«Ck o n « f o r taeh dnvtr) 

Oriwr 
I 2 

69 09 Gong siratght Ohead 
• • Making right turn 
• • Mohing t t i t lu>n 
• • Making U turn 
• • Slowing or (topping 
• • Starl ing in t rof f ic loni 
• • Starl ing f rom pa rk td p o i i t n n 
• • SioppBd tn t ro t t i c lant 
• • Propirly p o r k f d 
O • Backing 

(Chtek ofipheabla iitmt) 

• • Poising 
• • Avoiding vahicl«, ob j f c t or psdMtrian| 
• • Skiddad - b i f o r * applying brahaa 
• • S ioddtd-aMar opplymg brah«« 
• • Dr iwir lBi i moving vahicli 

D R I V E R S V I O L A T I O N S I N D I C A T E D (Chock on or mart for taeh drivtr) 

I 2 

a • Hod b«en dnnhmg 
• • Eicflcdad cafe )p««d 
• • E i c t a d t d iBgal sp s id 
• IS Foilad to gront ngl i l ot mov lo vehiela 
• • Following too closBly 
• • PoMtng without l u f f i c i t n t el toranct 
• • Poising in no poising tona 
• • Poaiing on wrong aids 
• O Owar impropw p o t i m g 
• • On wrong i ida of r o a d ' n e t pois ing 
• • Failura to signol or improptr signal 
• • Impropar turn - wida rigti t turn 
• • Improper turn - cut cornar on I t f t 
• • Impropar turn - from wrong lana 
• • ftoilrood crossing violalion 
• • Diaragord slop sign 
• • Diiragord s top-ond-go light 
• • Diiragord warning sign 

I 2 

• • impropar porkmg location 
• • Improper storting f ron porktd position 
• • Impeding t ro t f i c - loo slow 
• • Coralass or reckless unving 
• • Hit and Run (F 5 R A ) 
• • Overweight or oversize 

• • Other improper action 

B • No impropar drivmg 

WHAT P E D E S T R I A N WAS DOING 
(Chtck on«) 

• eras ing at intersection -with signal 
• Crosimg at interiechon -ogoinst signal 
Q Craising at interlection-no aignal 
• Crossing ol interiection-diogonolly 
• C r o i i i n g not at mtersarlion 
• Coming from behind parked cors 
• Walhmg m roadway-CCAec* two Mow) 

a With t ro f f i c 
• Agomit t r a f f i c 
• Sidewalks avoiiobia 
• Sidawdiks not avoilable 

• Pushing or working on vehicle 
• Other workmg on raodwuy 
• Ploying an roadway 
• Hitching on vehicle 

• Not on roadway-iCjrptem; 

Spteify ethtr action 

C O N D I T I O N O F D R I V E R S A N D P E D E S T R I A N V E H I C L E C O N D I T I O N 
P H Y S I C A L DRINKING ^hock 000 or mart) 

Driver Driver Driver Driver 
1 Z Pid 1 Z P*d 1 2 1 2 

• • • t i l (X IS • Had not been drmkmg • • Defective brakes • • 
• • • Fotiguad G G • Not known whether drinhng G • Improper lighta 
• G • Apparently oslaap Had Ifman duQ^Off " *o G G Dafactiva ataenng mechanism G G 
• • • Body defect (arms, legs, haonng. G G G Obviously drunk Q G Defective tires 

eyesight, paraly«ia,Me} G • • Ability impaired • G Other defects G G 
El E) • Apporently normol G O D Ability not impaired S (S No defect! 
• G O Condition not known G G G Not known if impoirad • • Defects not known 

G G 

1X0 
Explain condition 

• • Chains in uie 

G G 

1X0 

D R I V E R V I S I O N 
(Clitok oot or mart u 

O B S C U R E D 
tech tteiioa) 

lood on vehicle 

Driver 
1 2 

a G Trees, crop*, etc 
• G Buildmg 

• • Embankment 
G G Signboard 

G G HiNcrest 

G G Parked vehicles 
G G Moving velHclea 

G G 
ixia Sptaty othw ixia Not obscured 

D E S C R I B E W H A T H A P P E N E D 

N o . 2 s t o p p e d , a t r e d f l a s h i n g l i g h t t h e n p u l l e d i n t o i n t e r s e c t i o n 

h i t t i n g N o . 1 b r o a d s i d e w i t h r i g h t f r o n t o f v e h i c l e N o . 2. 

A R R E S T S Ncme J o h n H . R h O B C h a r , . F a i l t o g r a n t R . O . W . ( v e h i c l e ) 

Charqe 
• AM 

I N V E S T I G A T I O N IrLalT h-20-Sh 6:30 IZ""". h-20-Sh 7:l5 B P M 
Daft Hour Dale -

s c e n e o n l y 

• Yes 
Were photogrophs token 9 21 No 

IE ir>»r>sr gatKHi SYOS KOriver 1 
complete ' • No Driver report form* furnished to • D r i v e r 2 

•A-SIGNATURE 
uiMsligalori rank and noire 

T . H . P . 

»td in an oeeidmi it •teuuta lo lufcmir e lapinli nniOtnt report tutn Ihtugii 1 
t oil all, county, ami tialo poiKO offieoi 

Figure 1. (Continued). 

< oeeidtitt tat mivttigatod 0/ Fi offietr Dnrtrt 



S e r i B l T ^ / f i - / 
TEXAS mCBUY DEPARDCIIT 

DIVISIOH or lOINTENUCI OFERAIIon 

T R u n c EHGIHIXRIIK: sicTKac 

iccnnaiT A U L I S I S C O B S H U T 

IS5 

Codad bjr _ 

PoDOliad 1)7. 

Chaokad b]r. 

S e r i a l Hamber CouBtjr C o n t r o l Sao t loB 

nf I M b e r 1 

M l l o p o o t W i d t h 

S i f h t 
R o i t r l a -
t l o B 

7 S / / O 1 0 O y / / O a 
1 0 1 1 1 2 1 3 1 4 1 9 1 6 17 U U 2 0 Z 1 Z 2 23 24 

S a o t l e n 

mj 1 take r 2 

W i d t h 
• a e t l o a 
Typa L . i 

B -
a t 

a l 
Wa.? 

e o 
•H 

h a 

\ U 

C a n t r l -
b v t i a g 
T a o t o r 

Car I 

I k a a n a r 

m * e r 1 

T* 

Car 11 

liaiieBTar 

• i b e r 2 

nroB To 

0 / V / -̂  y / 1 / 7 O / o / O / 0 / O O / o / 

25 26 27 28 2S 30 3 1 32 33 3 4 35 36 37 38 39 40 4 1 42 43 44 45 46 47 48 4S SO 5 1 52 

I I D r l T a r 
C o n d i -

/ 

r a h l e l a 
C o a d l -

Data 

y 
T l M 1l 

3si T a h l e l a 

Wa.2 

Spaad 
'Bafora 

» a h l a . 2 

53 5 4 55 56 57 58 59 60 6 1 63 6 4 6S 66 67 68 69 7D 7 1 72 73 74 75 76 77 78 7* 80 

Figure 2. Typical code sheet. 
S T A T I S H C U . Dimiow 
TEXAS K R U a i B R Or PDBLJE SAJtTY 
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CODE HEADINGS 

1 SERIAL mWBEB - COLIMIS 1-5 
2 COUNTY - COLUMNS 6-S 
3 CONTROL, HIOHHAY NO. 1 - COLUMNS 9-12 
4 SECTION, HIGHWAY NO. 1 - COLUMNS 15-14 
5 FEDERAL AID STATUS, HIGHHAI NO 1 - COLUMN I S 
6 HILEFOST, HIGHWAY NO 1 - COLUMNS 16-U 
7 ROADWAY TYPE, HIGHWAY NO 1 - COLUMN 19 
8 ROADWAY WIDTH, HIGHWAY NO 1 - COLUMNS 20-21 
9. EXCESSIVE CURVES, HIGHWAY NO 1 - COLUMN 22 

10 SIGHT DISTANCE RESTRICTION, HIGHWAY NO. 1 - COLUMNS 23-24 
11 SECTION, HIGHWAY NO 2 - COLUMNS 25-26 
12 FEDERAL AID STATUS, HIGHWAY NO. 2 - COLUMN 27 
13. ROADWAY TYPE, HIGHWAY NO 2 - COLUMN 2S 
14 ROADWAY WIDTH, HIGHWAY NO. 2 - COLUMNS 29-30 
15. INTERSECTION TYPE - COLUMNS 31-32 
16. DIRECTION OF TRAVEL BEFORE ACCIDENT - COLUMNS 33-34 
17. TYPE OF ACCIDENT - COLUMN 35 
18 MANNER OF COLLISION - COLUMN 36 
19. CONTRIBUTING FACTORS - COLUMNS 37-38 
20 MIUIEUVEH - COLUMNS 39-41 and 46-48 
21. FROM - COUIMNS 42-43 and 49-50 
22 TO - COLUMNS 44-45 and 51-52 
23 VIOUTION - COLUMN 53 
24. CONDITION OF DRIVER - COLUMNS 54-55 
25 CONDITION OF VEHICLE - COLUMNS 56-57 
26. MONTH - COLUMN 58 
27 DAY OF MONTH - COLUMNS 59-60 
28. YEAR - COLUMN 61 
29 DAY OF WEEK - COLUMN 62 
30 TIME - COLUMNS 63-64 
51 ROADWAY ALIGNMENT - COLUMN 65 
32. SURFACE TYPE - COLUMN 66 
33 SURFACE CONDITION - COLUMN 67 
34 ROAD DEFECTS - COLUMN 68 
35 TRAFFIC CONTROL - COLUMN 69 
36 TYPE OF LOCALITY - COLUMN 70 
37 WEATHER CONDITION - COLUMN 71 
38. TYPE OF VEHICLE - COLUMNS 7Z-73 
59 VEHICLE SPEED BEFORE ACCIDENT - COLUMNS 74-75 
40 NUMBER OF VEHICLES - COLUMN 76 
41 FATALITY AND NUMBER - COLUMN 77 
42. PERSONAL INJURY AND NUMBER - COLUMN 78 

Figure 3. Code headings showing the cate­
gories of data which are transferred from 
the accident report to the IBM punch card. 

processed by the Department of Public 
Safety, they are turned over to the High­
way Department for coding. This is nor­
mally about 15 to 20 days after the date of 
occurrence of the accident. The reports 
are coded and returned to the Department 
of Public Safety for filing or transfer to 
another section. During the coding pro­
cess, all of the information of engineering 
value is taken from the report as shown in 
Figure 1 and converted into numerical form 
as shown on the code sheet in Figure 2. 
This coding is , of course, the most funda­
mental part of the system. Much of the in­
formation on the report can be coded into 
numerical form merely by assigning num­
bers to each of the items in the particular 
category. The location and the collision 
diagram, however, presented a more com­
plicated problem. A list of the code head­
ings is shown in Figure 3. 

The location of the accident as described 
in the original report (Figure 1) is either 
at or in terms of measured distance from 
some easily describable spot. In order to 
code the location, it was necessary to trans­
late the information into a basic, consis­
tent form. The most practical means for 
doing this was found to be the use of the 
Road Inventory Log Line Diagrams. A 
sample of a page from this log is shown in 

Figure 4. These are prepared by the Highway Planning Survey for all of the designated 
roads in the state and provide considerable data about each road including a milepost 
designation which indicates the mileage from the county line. These milepost data were 
used to show the location of the accident in the code. The coder first locates the acci­
dent on the log using the description of the location given in the original report. From 
the log, the coder then transcribes the control number, which is a breakdown of the 
highway system; the section number, which is a breakdown of the control number; and 
the milepost, which indicates the location of the accident to the nearest tenth mile. The 
location of the accident has now been established. The collision diagram remains as 
the next major difficulty. 

The mileposts which were used, in establishing the location of the accidents follow a 
definite pattern over the state. They normally increase from north to south on north-
south highways and from west to east on west-east highways. This being the case, it 
was decided to use the direction of increasing milepost numbers on the major highway 
involved as the basis for showing the direction of travel of a vehicle. The other pos­
sible directions are indicated as shown in Figure 5. Thus, if a car is traveling in the 
direction opposite to the milepost numbers, it is coded as 5. 

The next step in the preparation of the collision diagram is the manner of collision. 
The possibilities here are shown in Figure 6. The From, Maneuver and To codes com­
plete the collision diagram. The From codes, some of which are shown in Figure 7, 
show where the vehicle was before it started the maneuver which led to the accident. 
The Maneuver code (Figure 8) shows what maneuver the vehicle made, and the To code, 
which uses the same items as the From code, shows where the vehicle went or intended 
to go. Thus, with Direction of Travel, From, Maneuver and To, the path of the vehicle 
has been established. This process can be repeated for a second vehicle if one is in­
volved. The accident then occurred at the point where the two paths cross. Knowing 
the manner in which the two vehicles collided adds the final touch to the collision diagram. 
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DIRECTIOH OF TRAVEL BEPCBE ACeiDEHT - COLUHIIS 33-3* 

In thlo column the direction of travel of tho vehicle lo recorded I t 
iB measured v l t h refereace to the mllepost numbering on the major hleJi-
vay That Is to say, i f mi lepos tB OD Highway Ho 1 are aumbered from 
west to east, a car traveling from vest to east on Highway Ho 1 would 
be golig ahead and tberefore be punched In number 1 A car approaching 
from t>ie south on a lesser hlgfavay vould be coming from the r l ^ t and 
therefore punched in number 3 Right rear and opposite right, etc , 
should be used for t r a f f i c approaching at an angle Column 33 refers 
to Vehicle AIO 1 aid Column 34 refers to Vehicle No 2 

2 - Right rear 
3 - Right 
4 - Opposite right 
5 - Opposite 
6 - Opposite l e f t 
7 - Left 
B - Left rear 
9 - Bo second vehicle* 
0 - Unknown vehicle 

Direction of 

Hllepoat Numbers 
Either 

north to South 
or 

Vest to East 

•This would apply for Column 5 4 where only one vehicle was involved 

Figure 5. Page from Code Manual showing 
the code for Direction of Trave l . 

MANHEH OF COLLISIOH - COUMI 36 

In tola colunn code the Banner of collision as follows This infoniatloB 
w i l l come from the sketch on the back of the report and from the discussion 

1 - Ron-collision 
2 - Sight angle 
3 - Head-on 
4 - 6idempe> sane direction 
5 - Sideswipe, opposite direction 
6 - Left turn 
7 - H l ^ t turn 
B - Rear end 
9 - Farklag naoeuver 
• - Fixed object 
0 - Other (Includes animal or pedestrian) 

If only one car was involved, the From, 
Maneuver and To codes plus the Manner of 
Collision code show at what point the vehi­
cle became involved in an accident. 

It might be well to point out some of the 
basic considerations which guided the think­
ing in setting up the code. The reason for 
setting up a system was to provide infor­
mation which could be used in preventing 
future accidents. This being the case, the 
events leading up to and including the first 
collision were thought to be of prime im­
portance. Subsequent events are not par­
ticularly important as far as accident pre­
vention work is concerned. Complete data 
on only two vehicles and drivers were in­
cluded, and although more than two vehi­
cles are often involved, it was thought that 
the cause of the accident lies with the col­
lision of the first two. Other vehicles sub­
sequently involved become so as the direct 
result of the first collision and probably 
would not have been in an accident at all 
had not the first collision occurred. By 
limiting the amount of coded data in this 
manner, it was felt that the percentage of 
pertinent information, that is data which 
can actually be put to use in determining 
means of preventing future accidents, was 
kept at a very high level. 

The coding and the code sheet shown in 
Figure 2 are the first step in the process. 

From the code sheet, the data are transferred to an IBM card as shown in Figure 9. 
This involves merely punching the numbers from the code sheet into the card. Com­
plete data on each accident have now been transferred to a single IBM card. In this 
form, it is highly versatile since it can be manipulated quickly and ine^spensively into 
any order required and can be listed me­
chanically. 

Since the system was put into operation 
on July 1, 1954, the records for the last 
six months of the year 1954 are the only 
ones now complete and the listings pub­
lished. The 1955 records are in the pro­
cess of being completed and will be pub­
lished in the very near future. Three 
standard forms of presenting the data are 
in use at the present time along with 
county spot maps which are not a product 
of the punch card process but which add 
considerably to the general usefulness of 
the information. These are (1) the mas­
ter tabulation. Figure 10, which is a com­
plete tabulation of all the data on each 
card listed by county and highway section 
and in increasing milepost order within 
the section - a section being a breakdown 
of the highway system with a numerical 
designation not duplicated in the state and 

Figure 6. Page from Code Manual showing 
the code for Manner of Col l i s ion . 

FROM - COLUMMS « - 4 5 and 49-50 

In these coluaais code where the vehicle vas before the accident or hefoie 
besinning the maneuver which led to the accident coluoma 42 and 43 refer 
to Vehicle No 1 and colianne 49 and SO refer to Vehicle Mo 2 

Hi«h»av and Right-of-Way Featuree 

- lAne to right of center line or oedian 
- Seconl lane to right of center Line or nedian 
- Third or more lane to rlpht of center line or nedian 
- RlFht Bhoij lder 
• Parallel parcing s t a l l on r i g l t 
- Angle parking s t a l l on ripht 
• Sidewalk peiallel to highway on right 
- Sidewalk at r ight anglee to highway from right 
- laland or divider on right 
- Bridge end or r a i l on right 
• Parking area o f f shoulder on right 

- Lane to l e f t of center line or median 
- Second lane to l e f t of center line or median 
- Hiird or more lane to l e i t of center line or median 
• Left shoulder 
- Parallel parking s t a l l on l e f t 
- Angle parking s t a l l on l e f t 
• Sidewalk parallel to highway on l e f t 
• Sidewalk at r ight angles to highway from l e f t 
• Island or divider on l e f t 
• Bridge end or r a i l on l e f t 
• Parking area o f f shoulder on l e f t 

Figure 7. Page from Code Manual showing 
the code for From and To. The same items 

are used for both From and To. 
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ranging in length from about 5 to 25 miles; (2) Tabulation No. 2, which is a summary 
of accidents by section, broken down by severity and manner of collision; and (3) an 
accident rate tabulation by highway section. Figure 11, wherein the accident data haw 
been correlated with vehicle miles, which are also on IBM punch cards, making it pos-

MAHLUVU - COLUMNS 3g-41 and 46-48 MAJOR HEADING BREAKDOWN 

I n these cclujms code the maneuver which the v e h i c l e was lEakinj;, prepann^^ 
to make or attempting to make a t the time of the accident. Coliuims 39-41 
r e f e r to Veh.cle No 1 and Columns +6-48 r e f e r to Vehicle No. d 

The following tabulation i s a breakdown of the major catefTcrles ol maneuvers. 
I t w i l l be necessary to ct-'t the a c t u a l code frcir. the following pages. 

Codes 

001-050 - Moving Ahead 
051-100 - Turning 
101-150 - Passing 
151-200 - Driving Across C e n t e r l i n t , Sot Passing 
£:01-290 - Driving Off Of and Onto the Roadway 
291-300 - Lost Control on Roadway 
301-400 - Parked, Stopped or Moving Slowly 
401-450 - Pedestrian Maneuver 
451-475 - Animal Maneuver, Other than Animal Drawn Vehicle 
476-500 - T r a i n Maneuver 

Animal Drawn Vehicle ^Janeuvers w i l l be the same as other 
v e h i c l e s 

U turning v e h i c l e s s h a l l be considered a^ l e f t turning 
v e h i c l e s unless a s p e c i f i c U turn code i s provided. 

MANEUVER 
CODES 
Turning - Codes 051-100 

051 - rbKlng right turn 
052 - Making prohibited r i f h t turn 
053 - Making r i g h t t u r n from wrong lane 
054 - ^faAlng r i g h t turn ^nto wrong lane 
055 - teking wide right turn 
056 - Cut r i g h t turn too sno~t 
075 - Ibking l e f t turn 
076 - Ifeking prohibited - e f t t j r n 
077 - Ifaking l e f t txirn from wrang lane 
078 - Ifeking l e f t turn i n t o wrong lane 
079 - Making wide l e f t turn 
080 - Cut l e f t turn too short 

091 - »king U turn 
092 - Ibking prohibited U turn 
093 - HaKing U turn from wrong lane 
094 - Ibklng U turn into wronf lane 
095 - Ifaking wide U turn 
096 - Cut U turn too short 

MANEUVER 
CODES 

Moving Ahead - Codes 001-050 

001 - Going ahead i n lane to r i g h t of c e r t e r l l n e or median 
002 - Going ahead i n 2nd lane to r i g h t of c e n t e r l i n e or median 
003 - Going ahead I n 3rd lane to r i g h t of c e n t e r l i n e or median 
004 - Going ahead on r i g h t shoulder 
005 - Going ahead I n middle lane of three lane road 
006 - Going around curve to r i g h t to r i g h t of c e n t e r l i n e or median 
007 - Going around curve to l e f t to r i g h t of c e n t e r l i n e or median 

Figure 8. Part of Code Manual 
showing the major breakdown, of 
the maneuver code and part of 

the maneuver codes items. 
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O'OÔ O'O 00* 00 • 19"7 0 • 
0 00 O'O] 00.00. 19 9.0 

00' 
08 
00 

,07 
08 

9,us 
001 01 
091 15 
001 01 , 
051,15 
001 IS 

9.OS [ 
093!l6 : 
001 15 
001 01 
001 15 , 
001 .ra. \ 
9*US ' 

81.. 

001 
001 
lt52 
001 
080 

81t! 

01 01 
01 01 
oil. 01 
IS 15 
It5.l5 

001 IS, 15 
091 18,15 
l o U . 15,01 
USi; IS'15 
001 iS 01 
70. 

_i:2oj 
1 20̂  

0 00 
I'OO 0 0 

20'111 
10*00 

15 2 6 • OB 075 liS 
19 0 1 00 239 01 

001 
000 15*15 

00 00 

i S Si S i S i 

1 u 
7 U 
0.19 
6 11 
8 U 

7 11 
7 11 
1,11 0 09 0 19 

2 11 
5*19 

12 8 
11.9, 
1- 9 
11 -
10 8 

00 8 . 

21.lt 7 10 1 2 2 9 9 5 2 21 SO 2. 0 0 . 28508 
26 1( 1 19 1 2 2 0 9 5.2 13 00 3 0.0 321tlt2 
12 U 1 20 1 2 0 0 0 S 0 19 6- 1 0 0 Jltl;53 
IS U 2 08 1 2 0 0 0 5 0 12 liO 2 0,0 381t26 
03 It 3 13 1 2 1 9 2 2 1 12 l|0 2 0.1, . 26685 

03,a 6 
12 It 5 
07,It It 
19, It ,2 
12 It S 

18 1 
15 1 , 
08 1 
01 1 
20 1 

09 It 5 10 *1 
25.U 5 22 :u 

2 1 9 8 2 1 11 2S 2 0,0, . 
2 1 9.8 2 1 13 22 2 0.0. 
2 0 0 0 5 0 11 07 2 2 0 , . 
2 0 0 0 5,0 1- 7- 1 0 0 
2.1 9.9 5:1. 1 - 6 - 1 0 . 0 , ' 

2 0 0'2' 0' 0 11*33. 2* o'o* 
2 0 o'o 0 0 1- 6- 1' 0 0 

-4-4 

: I : 

r \ 

11Q303 
27S6S 
It029 

25232 
27S61t 

30705 
39I48O 

T E X A S H I G H W A Y D E P A R T M E N T 

D I V I S I O N O F M A I N T E N A N C E O P E R A T I O N S T R A F F I C E N G I N E E R I N G S E C T I O N 

Figure 10. Typical sheet from the master tabulation showing complete 
data on some of the accidents in Anderson County. 

CO 
~3 



38 

l u i i i i l y Knox 

EK 143 
.niJ<M5 

yM gfi7 
QLUJlfi 

H I 1487 

5M 
558 
768 

l i d : 

lOOMll l lonVrhic l ' Hl l iT 

273 9 
ifrn 5 
91 3 

363 2 

95.8 
95 8 

£8.41 
4a.1 

Figure 11. Typical sheet from the accident 
rate tabulations for the sections of road 

in Knox County. 

sible to compute accidents rates for each 
of the 5,000 sections of the Texas highway 
system. Four rates for each section are 
shown. They are Fatality Rate, Fatal Ac­
cident Rate, Fatal + Injury Accident Rate 
and Total Accident Rate. The Fatal + In­
jury Rate is used because for such short 
units of road, the number of accidents is 
often very small and the rates erratic. By 
figuring a rate which included both fatal 
and injury accidents, the sample was as 
large as possible and at the same time in­
cluded only those categories of accidents 
for which the percentage of accidents re­
ported was very high. 

These rate calculations are an excellent 
example of the extreme adaptability of IBM 
punch cards in accident analyses. Four 
rates were computed for each of about 

5,000 sections, making a total of about 20,000 computations which were accomplished 
mechanically in about two days. This would have been nearly impossible by any other 
method. 

The master tabulation provides the districts with information which can be applied to 
specific locations, making it possible to construct collision diagrams — the 
most fundamental use of accident records. Tabulation No. 2 and the rate figures are 
valuable in making comparisons and in evaluating sections of road in terms of improve­
ments and needed improvements. In addition to these, there are endless possibilities 
for analyses with the records in punch card form. Special studies covering any phase 
of the information in the card can be made quickly and easily, making the accident rec­
ords applicable to use in many phases of highway research. 

The mechanics of the system, which has been in operation since July 1, 1954, oper­
ate very smoothly. Although the amount of data accumulated up to this time is too small 
for a final evaluation, all indications are that the districts are making considerable use 
of the information furnished them and that the system will prove to be of great benefit. 



Virginia's Cooperative Accident Analysis System 
A L F R E D VICK, III , Associate Traffic and Planning Engineer 
Virginia Department of Highways 

• THIS report will describe Virginia's cooperative accident analysis system. The need 
for more constructive use of the information contained in the accident records available 
in Virginia became apparent to the Highway Commissioner, General James A. Ander­
son, and other administrative personnel of the Highway Department. In 1952, this re­
sulted in the establishment of the present accident analysis system which combines the 
use of mechanical punch cards and a special adaptation of the graphic log system. As 
the title of this report indicates, the outstanding feature of this accident analysis sys­
tem is the fact that it is a joint safety program participated in by both the State Police 
and the Highway Department. To coordinate and supervise this program, the Accident 
Study Section was created within the Traffic and Planning Division of the Virginia De­
partment of Highways. The personnel in this section consists of the section head, three 
investigators, one statistician, two traffic technicians, and one clerk stenographer. 

Accident facts are one of the most convincing means of presenting to the public and 
state legislature the complex and varied problems facing present day road builders. 
These facts help justify the amount of funds needed to carry out an adequate highway 
program. 

DEVELOPMENT OF TRAFFIC ACCIDENT PREVENTION PROGRAM IN VIRGINIA 

One of the earliest and most important steps in the development of the traffic acci­
dent prevention program in Virginia was the enactment by the state legislature of the 
Motor Vehicle Safety Responsibility Act, which became effective on January 1, 1945, 
This act made it mandatory for the driver of any vehicle involved in an accident result­
ing in injuries or death to any person or property damage of $50 or more, to file a re­
port of the accident with the Division of Motor Vehicles. One section of this act re ­
quired the Division of Motor Vehicles to furnish the Department of State Police with a 
photostatic copy of each original accident report filed at the Division. This act was re­
sponsible for the State Police revising the existing mechanical punch card system for 
handling traffic accident data, so that more detailed information could be secured from 
the photostatic copies of the original accident reports. The State Police use accident 
information gained through this procedure to aid them in the enforcement of the Motor 
Vehicle Code. Further, it is of immeasurable benefit in determining the assignment of 
manpower and equipment, as well as where the State Police should concentrate their 
efforts in driver education. 

The first extensive use of accident records by the Highway Department was in 1945, 
when one man from the Traffic and Planning Division worked in the Accident Records 
Section of the State Police collecting manually accident data from the photostats of re ­
ported accidents to be used in connection with certain traffic studies and investigations. 
This was the earliest planned cooperative effort of the State Police and the Highway De­
partment in the mutual use of accident records. It was necessary for the Highway De­
partment to collect information manually because the State Police punch card system did 
not include detailed information concerning the influence of highway characteristics and 
conditions on the causation of traffic accidents. In order to obtain the desired highway 
data, it was agreed by the State Police and Highway Department that an additional sys­
tem of mechanical punch cards was required to augment the existing State Police punch 
card system. 

The author of this report, under the guidance and supervision of K. G. McWane, for­
mer Traffic and Planning Engineer and M. M. Todd, former Associate Traffic and Plan­
ning Engineer of the Virginia Department of Highways, planned this joint safety program 
in 1951. During the planning phase, the code manual for the highway accident analysis 
system was prepared using the Connecticut State Highway Department Accident Analysis 
Code Manual as a guide. The mechanical punch card system for accident analysis was 
placed in operation in the fall of 1952. 
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The following were the objectives to be obtained through the new system: (1) the de­
termination of the accident frequency rates of road sections for the Rural Primary Sys­
tem, (2) the listing of the essential details of the individual accidents for use in formu­
lating corrective measures and for the programming of new improvements for those 
sections having an abnormally high accident frequency, and (3) the pinpointing of speci­
fic locations where accident occurrence is abnormal. 

At the end of the first year of operation, these three objectives had been accomplished. 
In order to maintain adequately the additional punch card system for the Highway De­

partment, it was necessary to add five persons to the existing State Police Accident 
Section. Two of these employees are used to locate each accident case file on the 
straight line graphic log sheet and record data for highway coding on the top of each 
case file. Two other employees are used to code the information from the photostatic 
copies of the accident case file onto highway code sheets. The other employee is used 
to punch and verify the highway mechanical punch cards from the code sheets, as well 
as to sort the punch cards for filing. The additional cost of personnel to supplement 
the State Police Headquarters Staff amounted to approximately $12,500 per year, which 
is included within the budget of the Department of State Police. 

Accident statistics for the year 1950, were used as a basis for the planning phase of 
the new program. During that year, 46,371 accidents were reported on Virginia's high­
ways and in these accidents, 915 persons were killed and 21,840 injured. For each of 
these accidents, reports were made by the drivers involved and the police officers mak­
ing the investigation. Thus, the Department of State Police examined and analyzed 
some 100,000 individual reports, in order to provide summaries of the circumstances 
surrounding each of the 46,371 accidents, as required by the Virginia law. In Virginia 
approximately 80 percent of all rural accidents occur on the Primary System of 8,600 
miles, which comprises only 18 percent of the State Highway System. 

With the foregoing information and the desire to minimize the volume of the new 
analysis, it was decided to confine the continuing study to the rural portion of the P r i ­
mary System, lying outside of municipalities having a population of more than 3,500. 
Therefore, studies of accidents occurring in the larger towns and cities, or on the 
Secondary System are not included in the highway accident analysis system. 

OPERATION OF MECHANICAL PUNCH CARD SYSTEM FOR ACCIDENT ANALYSIS 

To understand fully the operation of the new accident analysis system, it is best to 
start with the original accident report filled out by the individual driver or the police 
officer investigating the accident These forms are sent to the Division of Motor Ve­
hicles where they are processed solely from the point of view of enforcing the Motor 
Vehicle Safety Responsibility Act and disciplinary or preventive action against the l i ­
censes of accident prone drivers. 

Photostatic copies of the original reports are made by the Division of Motor Vehicles 
and sent to the Accident Records Section of the State Police. The joint program goes 
into operation as soon as the photostats are received by the Accident Section. The first 
step in processing the photostats is to assemble all reports for one month by county and 
route order. After this operation, the investigating officers' and individual drivers' 
reports are matched and a case file is made of each accident. The State Police Highway 
Locator takes each case file and from the information available, determines the highway 
location information for each individual case. He then secures the essential highway 
characteristic information for each accident location from straight line graphic logs of 
the Rural Primary System. 

One of the most important elements of the accident analysis system is the graphic 
log; therefore, it is important that these logs be accurate and up to date at all times. 
The Accident Study Section is notified by the Construction Division of all pertinent con­
struction information, as well as the starting and completion dates of all construction 
projects. Upon notification of the construction project completion date, two men from 
the Accident Study Section relog the route so that any changes due to reconstruction will 
be included on the new graphic log. This particular phase of the operation is not entire­
ly satisfactory, as sufficient personnel is not available in the Accident Study Section to 
handle this portion of the program. 
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A straight line graphic log is prepared for each route of the Rural Primary System. 
Figure 1 is an example of the accident graphic log sheet used in the accident analysis 
system. This figure shows a 20 mile section of Route 11 in Pulaski County, which can 
be considered as a typical straight line graphic log used in the location of each individ­
ual accident, as well as indicating accident prone locations. Along the top edge of the 
graphic log is shown the construction project number, the starting and completion dates 
of construction, and the total length of the road project At the bottom of the graphic 
log sheet is indicated the route number, county, and county code number. The scale of 
the graphic log representing the milepost line is found at two places on this figure: one 
just beneath the line indicating the project information, and the other above the line 
giving the route number and county name. This scale is determined by the density of 
roadside development along a particular route; thus, the usual scale of one inch equals 
one mile does not always apply. The maintenance section number is shown on the first 
line below the upper milepost line. In sequence on separate lines beneath the mainte­

nance section number line is given the in­
formation: surface type in code and actual 
surface width, type of highway facility (kind 
of highway) in code, and roadside develop­
ment in code. The wide black band shown 
in the center of the graphic log sheet is the 
straight line representation of the route 
with descriptive material on either side in­
dicating county lines, corporate limits of 
cities and towns, primary and secondary 
roads, bridges, culverts, and roadside es­
tablishments, such as service stations, 
restaurants, and motels. The two black 
parallel bands represent divided highways. 

Figure 2. Request for check investigation The spotting of Commercia l establishments 
form. has been very beneficial in the plotting of 

individual drivers' accident reports. 
The three wide spaces at the bottom of the graphic log are used in the prompt iden­

tification of accident prone locations. The first of these spaces marked "Unchecked 
Accidents" is used by the highway locator for the placing of a pencil dot at the exact 
milepost where the accident occurred. When five accidents have been recorded at any 
milepost, the highway locator then erases the pencil dots and records the date of this 
action in the second space marked "Date Checked. " In the third space marked "Total 
Accidents," an accumulative total is kept of each five accidents occurring at the partic­
ular milepost Each time five accidents are recorded in the third space, the locator 
fills out a Request for Check Investigation Form which is sent to the Accident Study Sec­
tion for field investigation purposes. This form is a 3- x 5-in. card showing the county, 
route number, the maintenance section, and the exact milepost where five accidents 
have occurred. On this form is also indicated the period within which the five accidents 
occurred, as well as the date of the posting. Figure 2 is an example of the Request for 
Chfack Investigation Form. In Virginia a policy has been established in which five acci­
dents at a particular milepost justify a complete investigation of the accident records 
and field conditions at this location. 

When the Accident Study Section receives the Request for Check Investigation Form 
from the State Police, it is assigned to one of the field accident investigators. Prior to 
making a field investigation, certain information pertaining to previous and existing 
road conditions is obtained from the appropriate divisions within the Highway Depart­
ment, which is helpful in determining the causes of accidents at the location under in­
vestigation. The invest^ator also checks the accident records and tabulates all acci­
dents at the given location to discover, if possible, whether a consistent pattern of c i r ­
cumstances exists. He also secures the traffic volume, road capacity, and accident 
rate on the particular section of road, as well as whether a previous study has been 
made of that road section. All office information is taken into the field when the inves­
tigator checks the existing road conditions at the location. The resident engineer and 
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Figure 4. Highway individual accident lEW punch card. 

state trooper familiar with the location under study, are contacted to get f i r s t hand in­
formation about existing road conditions at all hours of the day and night In accident 
investigation work, i t is essential to have an understandli^ o£ driver behavior and traf­
fic patterns during the peak and off peak periods. After carefully analyzing all of the 
data collected in the office and field, the investigator submits his recommendations for 
corrective treatment. 

After locating each accident on the straight line graphic log, the locator places spe­
cific highway information in code form across the top of each case file (see Figure 3). 
Upon completion of the above operation, the accident reports are then ready to be coded 
by the State Police Staff, once for the State Police system and again for the highway 
analysis system, after which IBM cards are punched for each system (see Figure 4). 
This figure shows the 80 column individual IBM card that is used in the highway mechan­
ical punch card system. Some of the data listed on the card are report number, time 
of accident, road conditions, section number, surface type, surface width, exact mile-
post, severity of the accident, type of collision, vehicle maneuver, and contributing 
factors. 
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After the highway analysis cards are completed and arranged for f i l ing, they are 
transferred to the Accident Study Section of the Highway Department for subsequent use. 
From these, various summaries are prepared and other pertinent information is im­
mediately available. The Highway IBM Section processes these cards upon specific 
instructions from the Accident Study Section. 

In 1954, nearly 21,000 individual record punch cards were so prepared representing 
all reported accidents on the Rural Primary System; and from these cards 3,000 sum­
mary cards were made. The f i r s t step taken by the Highway IBM Section in the prepa­
ration of the summary cards is to list and reproduce the maintenance control section 
cards. Every maintenance section of the Rural Primary System is identified on a sep­
arate punch card by county and route number codes and by a four digit section code 
number. The sectionalization of the Rural Primary System in Virginia was revised in 
1949, for cost accounting procedure. The completed maintenance section tabulation 
produced by the IBM section is sent to the Rural Statistical Section for the insertion of 
annual average 24 hour traffic on each maintenance section. The Accident Study Sec­
tion also places on this tabulation the types of highway facilities (kind of highway) in 
code for each appropriate section. Upon completion of the above work, the tabulation 
is returned to the Highway IBM Section where the annual average 24 hour traffic and 
kind of highway codes are key punched into reproduced traffic cards. By means of a 
604 IBM calculator, the annual vehicle miles are obtained by computing the 24 hour 
traffic times the length in miles times 365 days. This operation completes the traffic 
card. An example of this traffic card is shown in Figure 5. 

The next procedural step is to match-merge the accident card against the traffic 
card on a collator which verifies county, route, and section. Any cards having errors 
are pulled and corrected, then merged back into the completed card f i le . After the 
above operation, the next phase involves the combination of data on the traffic and indi­
vidual accident cards by the use of a tabulator and summary punch (controlling on county, 
route, and section), thereby producing the summary card. An example of this summary 
card is shown in Figure 6. 

Another phase of our card procedure was to run the summary cards through the 604 
IBM calculator, thereby computing accident rates, injury rates, and death rates with 
the results automatically punched into summary cards. By use of the tabulator, a l is t-
i q g of the summary cards showing route, county, section, accident rate, injury rate, a 
and death rate is produced. From this listing i t is possible to identify the most hazard­
ous sections on the Rural Primary System. After the section has been identified, i t is a 
simple task to determine exactly where in the section the accidents are occurring, when 
they are occurring, under what conditions, and the type of accidents (Figure 7). 
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R O U T E C O U N T Y SECTION A C C I D E N T INJURY D E A T H 

NUMBER CODE N O N U M B E R R A T E R A T E R A T E 

1 89 001 517 337 26 

1 89 002 518 328 15 

2 16 003 204 87 102 

2 88 004 400 136 

3 23 001 128 256 

^ 23 002 236 101 

3 /fR 001 93 93 

3 4R 002 480 87 

3 003 ? 4 ? 13? 

3 S I 002 534 178 

3 51 005 353 126 

3 51 006 317 264 

3 68 001 184 553 

3 79 001 303 34 

3 79 002 146 73 

3 79 004 410 246 

3 005 416 222 

3 ? 8 006 603 464 

3 89 003 345 158 43 

3 06 001 143 0 5 

3 96 00? 767 639 

3 96 004 270 337 

3 96 005 217 2'}9 

5 18 001 175 88 

5 18 002 164 164 

5 43 003 654 1308 

5 43 004 338 271 

Figure 7. Frequency rates by route, county 
and section. 
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Figure 8. L i s t i n g of highway accident IBM 
and milepost. 

cards by route, sect ion 

TABLE 1 

SUMMARY OF ACCIDENTS BY HIGHWAY DISTRICTS 
RURAL PRIMARY SYSTEM 

YEAR - 1954 

DISTRICT LENGTH 
(MILES) 

1954 
VEHICLE MILES 

OF 
TRAVEL 
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BRISTOL 1,162.57 665,665,465 47 56 624 1,123 1,479 2,150 S 1,061,201 222 169 84 

SALEM 997.65 721,095,460 45 55 809 1,450 1,617 2,471 1,322,621 342 201 7.6 

LYNCHBURG 969 05 576,149,215 39 47 548 1,015 1,180 1,767 920,026 307 176 8.2 

RICHMOND 1,075 85 1,071,523,930 59 71 805 1,434 1,866 2,730 1,333,135 255 134 66 

SUFFOLK 827.41 1,006,000,955 76 95 1,133 2,013 2,857 4,066 1,822.104 404 200 94 

FREDERICKSBURG 762 00 553,610,100 53 60 584 1,139 1,095 1,732 1,031,771 313 206 108 

CULPEPER 1,110 35 1,263,548,605 77 85 1,368 2,361 3,048 4,493 1,945,983 356 187 6 7 

STAUNTON 1,037 53 719,096,720 44 56 649 1,100 1,436 2,129 1,056,188 296 153 78 

TOTAL 7,942 41 6,576,690,450 440 525 6,520 11,635 14,578 21,538 510,493,029 327 178 9.0 
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SUMMARY OF ACCIDENTS BY LOCATION 

RURAL PRIMARY SYSTEM 
YEAR 19M 

CO 

Accident Location 
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Between Intersections 379 456 4,247 7,471 8,224 12,850 $ 7,057,557 

At Opening in Median Divider 2 2 46 69 173 221 82,952 
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on
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Rural Primary Routes 16 20 360 678 1,049 1,425 561,474 
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Other Public Road or Street 33 37 976 1,833 2,589 3,598 1,393,109 
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Alley 0 0 3 5 18 21 4,573 
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Private Drive 5 5 412 670 1,248 1,665 621,781 
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Railroad Track 0 0 17 23 56 73 54,520 

TOT/ 440 525 6,520 11,635 14,578 21,538 $10,493,029 
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TABLE 3 

SUMMARY OF ACCIDENTS BY TYPE OF ROADWAY 
RURAL PRIMARY SYSTEM 

YEAR - 1954 

ROADWAY 
TYPE 

LENGTH 
(MILES) 
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TRAVEL 
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2 - LANE 7,000.88 4,277,546,325 270 309 4,279 7,693 9,075 13,624 i 6,828,960 318 180 72 

3-LANE 449.83 881,943,660 53 75 734 1,284 1,697 2,484 1,099,488 282 146 8.5 

4 - LANE UNDIVIDED 235.87 641.057,530 72 90 701 1,292 1,654 2.427 1,356,776 379 202 14 0 

4 - U N E DIVIDED 227.31 649,559,110 35 41 591 1,027 1,487 2,113 881,790 325 158 6.3 

LIMITED ACCESS 
PARTIAL CONTROL 16.75 74,394.300 7 7 91 146 225 313 142,091 420 196 9.4 

LIMITED ACCESS 
FULL CONTROL 11.77 52,189,525 3 3 23 43 41 77 34,925 148 82 5.7 

MISCELUNEOUS - - 0 0 101 150 399 500 149,999 - - . 
TOTAL 7,942.41 6,576,690,450 440 525 6,520 11,635 14,578 21,538 $10,493,029 327 178 8.0 

PARTIAL CONTROL 
LIMITED ACCESS 

FULL CONTROL 
LIMITED ACCESS 

2 - L A N E 3 - L A N E 4 - L A N E UNDIVIDED 4 - L A N E DIVIDED 

Figure 9. Gjmparison of accident rates by roadway type rural p r i ­
mary system, 1954. 
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Monthly individual accident cards are sorted and listed by milepost, section, county, 
and route. Current monthly cards are merged with previous month cards and at the end 
of the year, cards are listed for the yearly report. This tabulation is most useful since 
detailed information is available on all accidents occurring at a particular point (Figure 8). 

Tables 1, 2, and 3 are illustrations of the various types of yearly summaries that 
can be produced by the use of the mechanical punch card system. These summaries 
cover such topics as (1) accidents by highway districts, (2) accidents by location, and 
(3) accidents by type of roadway. 

From certain types of summaries based on information from the IBM punch cards, 
bar graphs can be compiled such as in Figure 9. This graph gives a comparison of ac­
cident rates on various types of highway facilities. 

CONCLUSIONS 
To date, the accident analysis system has been used only to a limited degree, in com­

parison to its numerous potential uses. However, the studies which have been com­
pleted as a result of this system have clearly shown its value in developing corrective 
treatment for existing highways and of even greater importance in establishing future 
highway needs. It is believed that the studies resulting from this system can also have 
a beneficial influence on future highway design in Virginia. 

More effective use could be made of this system if it were not necessary to divert 
the limited personnel within the Accident Study Section from its primary function of ac­
cident analysis to the maintenance of the accident graphic logs of the Rural Primary 
System. Should any other state highway department consider setting up a similar acci­
dent analysis system, i t is recommended that the responsibility for maintaining the 
graphic log be place elsewhere. 

The accomplishments of the joint accident analysis program were possible only 
through the cooperative and unselfish participation of the Department of State Police and 
the Division of Motor Vehicles. 
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THE 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 dose 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 clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 


