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braking Distances of Vehicles from High Speed 
and Tests of Friction Coefficients 

The limited tests to examine braking distances of vehicles from high speed 

and to measure coefficients of friction, reported in this article, were of sufficient 

scope to throw doubt on some of the beliefs heretofore commonly accepted. 

What braking force or deceleration rate should be expected? Are stopping 

distances from high speeds longer than generally accepted as correct? What 

causes the wide variation in braking action of different vehicles, and of the same 

vehicle in different trials? Are deceleration rates attainable by vehicles at high 

speeds uncomfortable to the passengers, so long as the vehicle follows a straight 

path? To what extent do brake fade and other factors affect stopping distances? 

Tentative indications as to the answers to these questions were found in the 

braking tests described here, but they serve principally to point the need for far 

more extensive studies that should involve the cooperation of the automotive and 

tire industries. 

The results of the friction coefficient measurements that were made are 

useful as a pilot study to illustrate the required magnitude of any investigation 

of the interrelation of stepping distances and friction coefficients. It appears 

necessary to consider variation in the nonskid qualities of both tires and road 

surfaces to obtain the most effective improvement in operating safety. 

HE late Ernest E. Wilson, at that time 

director of the General Motors proving 

ground, reported in December 1940 the re- 

sults of tests to determine deceleration dis- 

tances for high-speed vehicles. He used 15 

passenger cars in perfect condition and 8 

highly experienced test drivers to obtain 

braking distances for speeds ranging from 

50 to 70 miles per hour. Since 1940, about 
85 million passenger cars have been built 

_in the United States, but few if any results 

_ of tests to determine braking distances from 

high speeds have been reported. 

have been numerous reports for tests made 

_ from speeds of 20 to 40 miles per hour, but 
| passenger cars are now being operated at 

_ an average speed of about 52 miles per hour 

on our main rural highways, with about 

There 

12 percent exceeding 60 miles per hour, and 

an occasional vehicle traveling in excess of 

80 miles per hour. 

One possible reason that more high-speed 

tests have not been conducted is the common 

assumption that any passenger car with 

brakes in good condition can lock all four 

wheels and that shorter stopping distances 

can be realized only through improving the 

texture of road surfaces to obtain higher 

coefficients of friction, especially for wet 

surfaces, and by avoiding the use of tires 

that have worn smooth. Although a more 

critical skidding condition usually exists 

when a surface is wet than when dry, about 

three out of four fatal accidents and two 

out of three of all accidents occur on dry 
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surfaces. Many of these no doubt could 

have been avoided if the drivers had been 

able to stop a little sooner. 

To obtain current information on braking 

distances from high speeds, the Bureau of 

Public Roads in 1949 conducted a series of 

tests on 53 vehicles representing 10 of the 

most common makes. Twelve of the cars 

were Government vehicles owned by the 

Bureau of Public Roads. The other 41 were 

private cars owned by employees of the 

Bureau of Public Roads who volunteered 

to participate in the tests. Each vehicle 

was driven during the test by the person 

who normally operated the vehicle. 

Stops similar to those that would have 

been made in an emergency were made by 

all of the drivers from speeds of 20 and 

40 miles per hour. Most drivers also made 

emergency stops from 60 miles per hour, 

and the drivers of the Government vehicles 

and some of the private cars made stops 

from the highest attainable speed, which 

was generally over 70 miles per hour. Data 

were obtained for a total of 214 stops, in- 

cluding 14 at speeds exceeding 75 miles 

per hour and 7 at 90 miles per hour. 

Test Procedure 

The tests were conducted on a concrete 

taxiway 6,500 feet long and 50 feet wide 

at Andrews Air Force Base. The surface 

had a broomed finish and was free of oil 

drippings since it had been used very little. 

About 2,000 feet from the end of the taxi- 

Reported by 

Oo. K. NORMANN 

Chief, Traffic Operations Section 

way, a rubber tube with an air-switch on 

one end was stretched across the surface. 

As the front wheels of a vehicle passed over 

this tube, a solenoid was ‘actuated which 

turned on a brilliant light 700 feet away 

on the right-hand side of the surface. This 

light acted as a signal to inform the driver 

to apply his brakes as quickly as possible. 

Immediately ahead of the tube which actu- 

ated the light were three other tubes con- 

nected to a recording speedmeter located 

in a panel truck parked at one side of the 

surface. Accurate speeds could thus be 

obtained immediately prior to the brake ap- 

plication for vehicles traveling within the 

range of 15 to 100 miles per hour. 

Each vehicle to be tested was equipped 

with a detonator mounted on the front 

bumper (fig. 1) and actuated electrically 

through a switch on the brake pedal (fig. 

2). When the brake pedal was touched, the 

detonator fired a .22-caliber cartridge, ex- 

Figure 1.—Mounting detonator on vehicle. 

me 4 

7 ig age 
Ste | sts 

Figure 2.—Installing switch on brake pedal. 
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pelling a pigment-filled capsule which left 

a yellow mark 5 inches in diameter on the 

pavement to indicate the point at which 

the brakes were first applied. The distance 

between the tube which actuated the lght 

and the yellow mark was the distance 

traveled during the driver’s reaction time, 

and the distance between the yellow mark 

and the point where the vehicle came to a 

stop was the braking distance. Measure- 

ments were made by use of a scale marked 

directly on the concrete surface. 

Prior to testing each vehicle, the following 

information was recorded: Year model and 

make of vehicle, present mileage on vehicle, 

mileage when brakes were last relined or 

adjusted, distance between floor boards and 

brake pedal when depressed, condition of 

tires, and name and age of driver. 

During each brake test, observers sta- 

tioned along the taxiway noted whether any 

wheels skidded and, if so, which wheels 

locked. The drivers were requested to be 

in high gear before reaching a speed of 20 

miles per hour, to accelerate as fast as pos- 

sible to the predetermined braking speed, 

to continue at that speed until they saw 

the spotlight illuminated, and then to come 

to a stop as quickly as possible. No in- 

structions were given the drivers regarding 

use of the clutch pedal and no observations 

were made as to when the clutch pedal was 

depressed during the stops. 

An observer riding in the vehicle noted 

the time required to accelerate to various 

speeds and the speedometer reading im- 

mediately before the brakes were applied. 

The recorded speedometer readings were 

160 

later adjusted to conform with actual speeds. 

The observer also kept the driver informed 

of the speedometer reading so that the 

driver could keep his eyes trained on the 

road and spotlight. After the test, the ob- 

server questioned the driver as to whether 

he considered the stop a comfortable one, 

whether he thought the stop could have been 

made in a shorter distance, and whether he 

applied his maximum force to the brake 

pedal during the stop. The observer also 

measured the distance between the floor 

board and the depressed brake pedal. 

Performance Better Than Average 

Only 12 of the 538 vehicles used for the 

high-speed brake tests were new vehicles; 

3 were 10 years old. The average age of 

the 53 test vehicles was 3.4 years, less than 

40 

A- All vehicles tested 

half the average age of 7 years for all pas- 

senger cars registered in the United States 

during 1951. All of the drivers participat- 

ing in the test considered their brakes in 

good condition, and it will be shown that 

the vehicles participating in the brake tests 

could be stopped from a speed of 20 miles 

per hour in shorter distances than the 

average vehicle being operated on public 

highways. 

Comparisons of stopping distances from 

a speed of 20 miles per hour for the 53 ve- 

hicles used in the high-speed tests with cor- 

responding values for vehicles included in 

other comprehensive studies are shown in 

figure 3. The results for the 1942 road 

sample and the current road sample were 

obtained by conducting brake tests on ve- 

hicles selected at random from everyday 

traffic on main rural highways. Each ve- 

hicle selected at random was subjected to 

three or more emergency stops from 20 

miles per hour on dry concrete pavements. 

It may be noted from figure 3 that there 

has been a substantial improvement since 

1942 in the brake performance of vehicles 

in operation. on our highways. In 1942, 

only 40 percent could be stopped in less 

than 25 feet and 13 percent required more 

than 35 feet. Today, 83 percent can be 

stopped in 25 feet and only 8 percent re- 

quire more than 35 feet. There are still, 

however, some vehicles being operated on 

our highways with brakes in such poor con- 

dition that they cannot be stopped from 

20 miles per hour in 60 feet, more than four 

times the distance required for some ve- 

hicles. 

None of the vehicles used for the high- 

speed tests required more than 37 feet to 

stop from 20 miles per hour. On an aver- 

age, they showed somewhat better brake 

performance from 20 miles per hour than 

those selected for the current road sample. 

This was to be expected, since most of the 

drivers who volunteered for the high-speed 

tests thought, no doubt, that they and their 

vehicles would perform as well or better 

than average. Most of the drivers un- 

doubtedly volunteered because they were 

willing to spend some time and money in 

helping to obtain useful facts relating to 

B-Vehicles that attained speed of 80 mph. 

30 |. O-Vehicles that attained speed of 90 mph. 

TOTAL TIME 
SECONDS 

i) ° 

20 30 40 50 90 

SPEED- MPH. 

Figure 4.—Time to accelerate from 20 miles per hour in high gear. 
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one of the most necessary elements of 

highway safety, the ability of vehicles to 

stop from high speeds. It is doubtful, how- 

ever, that any one of the drivers would 

have participated in the test had he known 

that his performance would have been the 

worst of the lot. 

Acceleration Rates 

Before discussing the more involved re- 

sults of the brake-performance tests, it 

seems desirable to dispose of a few of the 

results of these tests that may be termed 

byproducts. These relate to the accelera- 

tion rates of passenger cars, reaction times 

of drivers, and accuracy of speedometers. 

Figures 4, 5, and 6 relate to the acceleration 

rates of passenger cars. In these figures, 

the passenger cars have been classified into 

three groups. Group A includes all of the 

vehicles tested; group B includes only the 

vehicles that reached a top speed of about 

80 miles per hour on the test course; and 

group C includes only the vehicles that 

reached a top speed of 90 miles per hour 

on the test course. 

Figure 4 shows the total time required to 

accelerate to any given speed from a speed 

of 20 miles per hour, in high gear. It is 

also possible to determine, by subtraction, 

the time to accelerate from a given speed 

to any higher speed within the range of 

the chart. The vehicles capable of a 90- 

mile-per-hour speed (group C) could ac- 

celerate from 20 to nearly 70 miles per 

hour in approximately the same time as 

they required to accelerate from 70 to 90 . 

miles per hour. They traveled an average 

of 1,450 feet in going from 20 to 70 miles 
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Figure 6.—Instantaneous acceleration rates at various speeds. 

per hour, and 1,850 feet in going from 70 

to 90 miles per hour. 

The average acceleration rates while in- 

creasing from a speed of 20 miles per hour 

to a higher speed are shown in figure 5. 

The average rate of acceleration decreases 

as the speed increases, although the dif- 

ference is slight between 20 and 40 miles 

per hour. 

The instantaneous acceleration rates at 

various speeds are shown in figure 6. The 

average vehicle (group A) had an accelera- 

tion rate of 2.5 miles per hour per second at 

speeds between 20 and 35 miles per hour, 

100 

whereas the vehicles that could reach 90 

miles per hour (group C) had a maximum 

instantaneous acceleration rate of 2.8 miles 

per hour per second at a speed of 20 miles 

per hour. Rates of 2.5 and 2.8 miles per hour 

per second are equivalent to 3.7 and 4.1 feet 

per second per second, respectively. As the 

speed approaches the top speed of a car, 

the acceleration rate approaches zero. From 

the curves of figure 6 it appears that the 

cars which reached a speed of 90 miles per 

hour could have eventually reached about 

92 miles per hour, and those that reached 

a speed of 80 miles per hour could even- 

tually have increased their speeds to 85 

miles per hour. 

Information regarding the acceleration 

rates of passenger cars is used in connec- 

tion with many highway design problems 

relating to traffic operations. In _ recent 

years the principal source of such informa- 

tion has been the results obtained for six 

passenger cars tested in 1938. The results 

for the 58 cars in current use indicate that 

acceleration rates at the present time are 20 

to 30 percent higher than for the six cars 

tested in 1988. 

Driver Reaction Time 

The measurements of driver reaction 

time and distance that were made during 

the braking-distance tests from high speeds 

may be considered as absolute minimums. 

Each driver was aware of the approximate 

time that the stop was to be made and was 

poised for the occasion. Only the reaction 

time for the initial test run of each driver 

has been used for this analysis. During 

subsequent tests, several of the drivers 

anticipated the time that the signal light 

would be illuminated and had removed their 

foot from the accelerator prior to reaching 

the road tube that actuated the light. 

Figure 7 shows the distribution of re- 

action times for the 53 drivers. Some drivers 
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Figure 7.—Reaction times during high-speed tests. 
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Figure 8.—¥ifth wheel used to obtain time - 
distance curves. 

reacted and moved their right foot from the 

accelerator to the brake pedal in 0.4 

second. One driver required 1.7 seconds. 

24 

20 

Repeated tests on the drivers who had the 

longer reaction times gave consistent re- 

sults which eliminated the possibility that 

these drivers misinterpreted the instruc- 

tions. All except the one driver had a re- 

action time of less than 1 second for the 

conditions of these tests. The average re- 

action time was 0.738 second and 95 percent 

of the drivers reacted in less than nine- 

tenths of a second, which is consistent with 

the results of other studies. 

Most Speedometers Inaccurate 

It was interesting to find that more of 

the speedometers were low than high when 

compared with the actual speeds of the 

vehicles. This is contrary to the common 

belief that speedometers have a tendency 

to indicate higher speeds than the actual 

speeds. If it is considered that a speedom- 

DECELERATION - FT./SEC./SEC. DECELERATION - FT./SEC./SEC. 

0.8 1.0 

TIME —-SECONDS 

4 1.4 1.6 1.8 

Figure 9.—Deceleration rates during stop from 30 miles per hour (average of two tests). 
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Table 1.—Results of braking-distance tests 
of a single vehicle. 

Initial Braking | 
distance 

Skid marks 

Feet 
Four wheels 

Do. 
| None 

5 | Four wheels 
| Light 

oO. 
Four wheels 
None 

| Four wheels ! 
None 

| None 
| None 
| None 
Light 2 
Four wheels 3 

one 
None 

| Four wheels ! 
None * 

' Vehicle made a sharp dive. 
2 Very smooth stop. 
2? Four wheels locked for 251 feet. 
4 Attempt made to fan brakes. 

eter is correct when it registers within 

2 miles per hour of the actual speed, which 

is as close as the readings on many of the 

present models can be determined, the fol- 

lowing were the results for the 53 vehicles: 

19 speedometers correct at all speeds 

tested. 

6 speedometers more than 2 miles per 

hour high. 

28 speedometers more than 2 miles per 

hour low. 

The average error for the 6 speedometers 

that were high was 6.7 percent for speeds 

below 50 miles per hour and 6.1 percent for 

speeds above 50 miles per hour. At no 

speed did any of these speedometers have 

an error of more than 10 percent. 

The average error for the 28 speedometers 

that were low was 12.1 percent for speeds 

under 50 miles per hour and 10.1 percent 

for speeds over 50. Four of the speedom- 

eters were between 20 and 24 percent 

low at all speeds: These indicated 57 to 60 

miles per hour when the vehicles were actu- 

ally traveling 75 miles per hour. ‘The 

methods used for conducting the test elimi- 

nated the possibility that these errors re- 

sulted from a lag in the speedometers. 

Brake Fade 

In all of the brake tests, actual measure- 

ment was made of the distance from the 

chalk mark on the pavement, indicating the 

point where the operator touched the brake 

pedal, to the point where the car came to 

rest. In addition, in a few of the tests a 

fifth wheel and chronograph were mounted 

on the test vehicle to obtain a time-distance 

record during each stop (fig. 8). From the 

time-distance record, deceleration rates 

were determined. Figure 9 shows a curve 

representing the average rates of decelera- 

tion during two stops from 30 miles per 

hour by one vehicle. In the one case, the 

stopping distance was 48 feet, and in the 

other it was 50 feet. 

Figure 9 shows that the deceleration rate 

reached 22 feet per second per second within 

0.6 second after the operator touched the 
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brake pedal. It is not known whether there 

was any deceleration within the first 0.1 

second, but after 0.2 second had elapsed, 

the vehicle was decelerating at a rate of 

15 feet per second per second. After 0.6 

second there was only a very slight increase 

in the deceleration rate until the vehicle 

came to a stop. 

During several of the stops from high 

speeds, the brakes seemed to fade shortly 

after being applied, making it appear as 

though the vehicle had very poor brakes. 

Brake fade may be defined as a temporary 

reduction in brake effectiveness resulting 

from heat. In such a ease, the distance 

traveled to bring the vehicle to a stop after 

its speed had been reduced to 30 miles per 

hour seemed exceptionally long. In fact, 

one driver thought his brakes were not 

functioning during the latter part of a stop 

from 60 miles per hour. Fading usually 

did not appear to be pronounced during 

stops below 70 miles per hour except when 

stops several were made within a few 

600 D= 00101 v?:9? + g2Vv 
AVERAGE FOR VEHICLES USED IN HIGH-SPEED TESTS 

m= 85 PERCENTILE FOR VEHICLES USED IN HIGH-SPEED TESTS 

550 | ———_ + D = 00184 v2:92 + g2 v 

DRIVER'S OPINION OF STOP: 

500 — e AS SHORT AS POSSIBLE 

- A COULD HAVE BEEN SHORTER 5 
is] — 

a to i 450 : —— 

w ' 
S 2 

4% 400 =f ee z 

5 af o Ta) Fax) 

oO 
> z 

a 350 1 a 

3 e 
R 7p) w 

4 Wy 3 300 r rs) 
5 ia 
= > > 

250 | 

200 + 

aa [dea ah 

100 T + 

pee 
-_ .. 50 x need 4 50 

| As oe e | a4 

ag sae Ges 

fo) | fo} 

) 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 

SPEED - MILES PER HOUR (V) 

Figure: 12.—Braking distances during high-speed tests. 

PUBLIC ROADS « Vol. 27, No. 8 163 



minutes without giving the brake drums 

time to cool between the brake applications. 

The general procedure for these tests was 

to allow the brakes time to cool between 

successive applications. 

The distances required to bring a par- 

ticular vehicle to a stop from a speed of 

30 miles per hour when the initial speed 

was 30 miles per hour in one case and 80 

miles per hour in two other cases are shown 

in figure 10. The one stop from an initial 

speed of 80 miles per hour was made in 

400 feet, the shortest distance in five tries, 

whereas the other stop from 80 miles per 

hour was made in 564 feet, the longest dis- 

tance in five tries. None of the wheels 

locked during any of the three stops illus- 

trated in figure 10, although the operator 

applied the maximum force possible to the 

brake pedal in each instance. 

The speed-distance curve in figure 10 for 

the stop from an initial speed of 30 miles 

‘per hour is the average data for the same 

stops as those illustrated in figure 9. The 

curve in figure 10 shows that at the begin- 

ning of these stops there was a decrease. 

in speed of only 1 mile per hour during the 

first 8 feet of travel. Shortly thereafter, 

the vehicle’s speed decreased about 1 mile 

per hour for each 1.6 feet of travel, and 

immediately before coming to a stop the 

speed decreased 4 miles per hour while the 

vehicle traveled about 1 foot. 

With an initial speed of 80 miles per 

hour, the vehicle was decelerating a little 

less than 1 mile per hour for each 4 feet 

of travel while going 30 miles per hour. 

During the remainder of the two stops, the 

speed decreased at a much lower rate for 

the same travel distance than during the 

stop made from an initial speed of 30 miles 

per hour. 

One of the stops made from an initial 

speed of 80 miles per hour required 68 feet 

to bring the vehicle to a stop after the speed 

was reduced to 30 miles per hour, while 

in the other case the corresponding dis- 

tance was 56 feet. The difference between 

these two distances and the 49 feet required 

for an initial speed of 30 miles per hour 

may be attributed to brake fade. In the 

one case the difference was 19 feet or 39 

percent of the normal stopping distance for 

this vehicle from 30 miles per hour. 

The tests on which the information in 

figure 10 was based were by no means the 

worst examples of brake fade that occurred 

during the series of tests. They were the 

only high-speed tests for which this type 

of data were obtained and have been pre- 

sented to illustrate one reason that stopping 

distances do not vary exactly as the square 

of the speed. 

Variation in Brake Performance 

Under identical conditions, brake per- 

formance at high speeds was not always the 

same. The variation in braking distances for 

one vehicle with the same driver on the 

same surface is illustrated by the data 
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shown in table 1. Figure 11 shows the stop- 

ping distances from various speeds for this 

one vehicle as small circles and the average 

stopping distances for all 53 vehicles tested 

as a dashed curve. 

It may be seen from figure 11 that the 

results for this one vehicle, which was sub- 

jected to more tests than any other vehicle, 

compare closely to the average values. Fad- 

ing of the brakes was especially pronounced 

during the three stops above the average 

line for speeds in the neighborhood of 80 

miles per hour and during the two stops 

above the line at 90 miles per hour. . These 

stops required considerably longer distances 

than other stops made by the same vehicle 

at corresponding speeds. 

Table 1 also reports a record of the skid 

marks made by the test vehicle. It must 

be remembered that during all of these 

tests, except Nos. 9 and 19, the driver ap- 

plied the maximum possible pressure to 

the brake pedal over the entire stopping 

distance. In some instances the wheels 

locked, leaving skid marks from all four 

wheels. In other instances none of the 

wheels locked. During some of the stops 

when the wheels did not lock, they were 

evidently not turning as fast as the car was 

traveling because light skid marks or tire 

traces were plainly visible, generally out- 

lining the edges of the tire tread. 

During the nine tests from speeds above 

75 miles per hour, it was possible to lock 

the wheels only twice (Nos. 10 and 19). 

During test No. 9, an attempt was made to 

eliminate brake fade by fanning the brakes 

(removing all pressure from the brake pedal 

occasionally), but this apparently was not 

effective in reducing the total braking dis- 

tance, 

The results for tests Nos. 18 and 19 are 

especially significant. For both of these 

stops, which were made from approximately 

the same speed, the braking distance was 

400 feet. Test No. 18 was a very comfort- 

able stop, whereas the stop made during 

test No. 19 was the most dangerous one of 

the entire series. 

During test No. 19, all four wheels locked 

at a point 31 feet beyond the point where 

the brakes were applied. The vehicle skidded 

for 151 feet, struck a construction joint in 

the pavement, and dived to the adjacent 

lane, at which time the brakes were re- 

leased sufficiently to allow the wheels to 

turn. The vehicle then traveled 118 feet 

with the wheels turning and finally skidded 

100 feet to a stop. The tires were so badly 

worn on one side as a result of this one 

stop that all four had to be replaced to 

eliminate a pronounced bumping as_ the 

vehicle was driven over a smooth surface. 

The braking characteristics experienced 

during the 19 tests on this one vehicle in- 

dicate that if the wheels do not lock im- 

mediately after full pressure is applied, they 

cannot be locked at all. There evidently is 

enough heat developed with full brake pres- 

sure and the wheels turning so that fading 

soon takes place, especially at the higher 

speeds, and much longer stopping distance 

result than when the wheels lock. Whethe 

or not it will be possible to lock the wheel 

at high speeds is unpredictable on a dry 

concrete surface of the type where thes: 

tests were conducted. Stops from hig} 

speeds with the wheels locked are, of course 

dangerous from a viewpoint of maintaining 

control of the path of the vehicle. In ar 

emergency, however, bringing the vehicle tc 

a stop in the shortest distance possible may 

or may not be more important than the exact 

path of the vehicle, depending upon the 

circumstances. Even with the most careful 

and experienced drivers, such situations do 

arise. | 

The braking distance and initial speed | 
recorded for each test conducted on all the | 
vehicles are shown by the points in figure 12. | 

In an attempt to determine the reason for 

the comparatively wide scatter of the points, 

the tests for which the drivers stated that 

they made the stop as fast as possible have 

been shown as dots, whereas the small tri-. 

angular points represent tests for which 

the driver stated that he thought the stop 

could have been made in a shorter distance. 
It should be noted that figure 12 shows a 

fairly even distribution of both types of. 

points on both sides of the average curve. 

In fact, when the stopping distances that 

the drivers thought were not as short as | 

possible were compared with those they | 

thought were the shortest possible, it be-. 

comes evident that the driver’s opinion is of | 

little value. A summary of the results is 

shown in table 2. For speeds df 50 miles 
per hour or less, the braking distances for — 

the stops made as fast as possible are 

slightly shorter than for the stops not made 

as fast as possible (table 2). For speeds 

above 50miles per hour, the reverse is true, 

and the difference is more pronounced. 

Comfort of Stop 

It is also interesting to compare the 

actual braking distances with the drivers’ | 
opinions as to whether or not the stops could | 

be considered comfertable. Invariably the | 

more comfortable stops were made in the | 
shorter distances even when stops by the | 

same driver-vehicle combination were com- 

pared. Within the range of these studies 

it is therefore evident that other factors 

have a greater influence than the average 

deceleration rate on the comfort character- 

Table 2.—Stopping distance related to driver 
opinion of performance 

Stopping distance, when, in the 
driver’s opinion, the stop — 

Initial speed 
Could have been 

made ina 
shorter distance 

Was made as 
fast as possible 
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istics of the stop. Based on the opinion of 

- the observer who rode with the driver on 

| each test, the most uncomfortable stops, or 

| those most likely to -throw an occupant 

against the windshield or dashboard, were 

the stops made from ‘the lowest speed of 20 

miles per hour. At high speeds, the brakes 

are evidently not capable of overcoming the 

angular momentum of the wheels and other 

- revolving parts of the vehicle at a fast 

enough rate to cause a sudden and great 

_ change in the speed of a vehicle. 

' Using data for the tests in which the 

drivers applied the maximum brake pres- 

_ sures they could develop, it was found that 

no wheels locked in 42 percent of the tests, 

' all wheels locked in 380 percent, and one or 

-_ two wheels—generally the 

_ locked in 28 percent of the tests. 

- were more apt to lock at the lower speeds 

wheels— 

Wheels 

rear 

than at the higher speeds. At. speeds of 

20 miles per hour, all four wheels locked in 

35 percent of the tests, whereas at speeds 

exceeding 60 miles per hour the correspond- 

ing figure was only 19 percent. The com- 

mon assumption that any passenger car 

with brakes in good condition is capable of 

locking all four wheels may be questioned. 

It may hold true for certain drivers on all 

types of surfaces or for all drivers on cer- 

tain surfaces, but not for all drivers on all 

surfaces. The concrete surface on the taxi- 

way had a higher coefficient of friction than 

the surface of any highway on which tests 

were made (as described later) in connec- 

tion with this investigation. A dangerous 

condition would exist, however, if manufac- 

turers provided brakes that would grab or 

lock the wheels too easily. 

OBJECT DRIVER BRAKES 
IN VIEW REACTS APPLIED 

PERCEP-|REACTION 

1ON TIM TIME 

| SEC. G 

voores eee, 

SPEED ES MIiEESSPERBHOUR 

Square-of-Speed Rule in Error 

The braking distance does not vary as 

the square of the speed. For example, ‘the 

average stop from 30 miles per hour was 

made in 40 feet. With the braking dis- 

tance varying as the square of the’ speed, 

a stop from 90 miles per hour would re- 

‘quire only 360 feet, whereas the average 

stop from 90 miles per hour actually re- 

quired 580 feet. Not one of the stops from 

90. miles per’ hour was made in 360 feet. 

The shortest distance was 490 feet. 

There are several reasons why the brak- 

ing distances do not vary as the square of 

the speed. The effects of brake fade have 

already been discussed. Likewise it has 

been shown that full deceleration does not 

start immediately when the brake pedal is 

touched. It takes some time to depress the 

pedal as far as it will go and some addi- 

tional time for the brake fluid to expand the 

brake shoes through the wheel cylinders. 

Other factors also affect the brake distance. 

While it is true that the kinetic energy of 

the vehicle in the direction it is traveling 

varies as the square of the speed, the rate 

at which brakes can absorb this energy and 

the additional angular kinetic energy in the 

wheels and other rotating parts is appar- 

ently limited. 

‘The relation between speed and braking 

distance as obtained by these tests is shown 

in figure 12, in which two curves are pre- 

sented. The lower curve shows average 

stopping distances, and the upper curve 

shows the 85-percentile stopping distances. 

The equation for the lower curve is: 

D = 0.00101V 2-9 + 0.82V 

AVERAGE DISTANCE TO 
STOP = 844 FEET 
(INCLUDES ABOUT 2 

BRAKING OUT OF _3 DRIVERS) 

DISTANCE 844 

580 

500 1000 

DISTANCE IN FEET 

where D is the average stopping distance 

in feet and V is the speed in miles-per hour. 

The constants in this equation were ob- 

tained by assuming that the equation should 

have the form D=aV’+cV. They were 

determined so as to minimize the sum of 

the squared deviations of the plotted points 

from the curve. The second term on the 

right-hand side of the equation represents 

the distance traveled during actions taking 

a constant length of time, such as the time 

to depress the brake pedal and the time 

required for the brake cylinders to expand 

the brake shoes. This equation fits the data 

better than any other type of equation that 

was investigated and far better than one 

based on the assumption that braking dis- 

tances vary as the square of the speed. 

The 85-percentile curve in figure 12 shows 

the distance within which 85 stops out of 

100 can be made and not the distance 

within which 85 percent of the vehicles can 

always stop. It has been based on observed 

data up to a speed of 40 miles per hour. 

Above’ 40 miles per hour there were so few 

tests that the 85-percentile curve has “been 

based on sound statistical procedures assum- 

ing that the second term, 0.82V, which con- 

sists largely of brake-application distance, 

and the exponent in the first term would be 

the same as for the average curve. It was 

also known that most of the vehicles with 

poor brake performance at the lower speeds 

were not tested at the higher speeds. In 

fact, only 3 of the 11 vehicles that required 

more than the 85-percentile distance to stop 

from a speed of 20 miles per hour partici- 

pated in the tests at speeds above 40 miles 

per hour. Also, an analysis of the stopping 

85 % OF DRIVERS CAN STOP 
INSIZ9SE EEE COR EESS 

IS % REQUIRE OVER 1294 FEET 

1294 

1500 

Figure 13.—Driver stopping distance on dry concrete. 
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distances of the vehicles that did participate 

at the high speeds shows a marked tendency 

for those having the longer stopping dis- 

tances at the lower speeds also to have the 

longer stopping distances at higher speeds. 

The portion of the 85-percentile curve above 

40 miles per hour therefore represents the 

best estimate that can be made on a basis 

of these tests even though few of the points 

shown in figure 12 represent stopping dis- 

tances longer than the 85-percentile values. 

Equations that are somewhat easier to 

solve and give approximately the same re- 

sults as the equations shown in figure 12 are 

as follows, for the average and 85-percentile 

curves, respectively, with D and V being in 

the same units as for the exact equations: 

D = 0.00069V 3+ V 

D = 0.00126V 3+ V 

An appreciation of the effect of speed on 

the distance required to stop a passenger 

car may be obtained from figure 13. The 

l-second perception time and the 1 second 

for reaction time are certainly minimum 

values for drivers under actual operating 

conditions except possibly under congested 

traffic conditions when the time required by 

a driver to perceive the illumination of the 

stop light on a preceding vehicle might pos- 

sibly be somewhat less than 1 second. Con- 

sidering the conditions under which these 

data were obtained, the driver stopping dis- 

tances shown in figure 13 can be considered 

as absolute minimums for use in determin- 

ing standards of design for safe highways. 

If any safety factor is applied, longer driver 

stopping distances must be used. For cer- 

tain elements of design the average values 

might be applicable, but safe conditions gen- 

erally will not be attained unless driver 

stopping distances at least as high as the 

85-percentile values are used. 

Coefficients of Friction 

Some surfaces when dry do not have as 

high a coefficient of friction as a concrete 

surface, and no road surface included in 

these tests had as high a coefficient of fric-~ 

tion when wet as a dry concrete surface. 

The 85-percentile values for the driver stop- 

ping distance as shown in figure 13 are ap- 

plicable to all road surfaces, however, where 

the coefficient of friction that can be de- 

veloped between the tires and the road sur- 

face is equal to or greater than the lowest 

equivalent coefficient of friction utilized in 

these tests by the vehicles in making 85 per- 

cent of the stops. 

The average coefficients of friction util- 

ized by the vehicles over their entire brak- 

ing distances on the dry concrete surface 

are shown in figure 14. These averages 

were calculated by use of the equation 

d— V *_- 30f where d is the braking dis- 

tance in feet, V is the initial speed in miles 

per hour, and f is the average coefficient 

of friction developed between the tires and 

the road surface over the entire braking dis- 

tance. Since the braking distance includes 

the distance traveled during the brake ap- 
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plication time, the average utilized coeffi- 

cient of friction increases as the speed in- 

creases from 20 to 30 miles per hour because 

the brake application distance becomes an 

increasingly smaller portion of the total 

braking distance. 

While making stops from 20 miles per 

hour, there was at least one vehicle that 

utilized an average coefficient of friction of 

0.88 over its braking distance. The average 

coefficient of friction utilized by the average 

vehicle was 0.65, and the vehicles that re- 

quired the 85-percentile braking distance 

utilized an average coefficient of 0.48. Like- 

wise, the corresponding coefficients of fric- 

tion that were utilized for the stops from 

90 miles per hour were 0.57, 0.46, and 0.26 

respectively. The maximum friction coeffi- 

cient during any one stop is always greater 

than the average for the entire braking dis- 

tance. For example, during the stop from 

30 miles per hour as shown in figure 10, 

the vehicle could have stopped in the 49 

feet if a coefficient of friction of 0.61 had 

been utilized over the entire distance, calcu- 

lated on the same basis as the curves of 

figure 14. Actually, however, the maximum 

coefficient of friction developed during this 

same stop was 0.72 since the maximum de- 

celeration rate was 23.2 feet per second 

per second as shown in figure 9. It is evi- 

dent, therefore, that coefficients of friction 

greater than the average values shown in 

figure 14 were developed between the tires 

and the road surface during the braking- 

distance tests. 

In an effort to determine the actual coeffi- 

cient of friction of the taxiway surface and 

to compare this value with the coefficients 

utilized by the vehicles in braking, equip- 

ment was developed to measure friction co- 

efficients of road surfaces. This equipment 

and other tests for which it was used will 

be described after the results of friction 

tests on the taxiway surface have been dis- 

cussed. 

1.0 

0.8 

Tires and Friction Factors 

Coefficients of friction between the taxi- 

way surface and one particular set of tires 

under dry conditions were found to be as 

shown in the column of table 3 headed | 

“first set of tires.” It was evident that if 

these were the correct coefficients of fric- 

tion for the taxiway surface, it would have 

been impossible to make many of the stops 

within the distances recorded during the 

brake tests. Average coefficients of friction 

at least as high as those shown in figure 14 

were necessary to stop the vehicles within 

the recorded distances, excluding the brak- | 

ing effect of air resistance. | 

The only explanation for the wide dis- 

crepancy seemed to be that the tires on the | 

vehicle used to measure the friction coeffi- 4 

cients were not as resistant to skidding as 9 

the tires on some of the vehicles used for 

the brake tests. This was confirmed by § 

interchanging the tires on the friction-test } 

vehicle with the tires on one of the vehicles 

for which short stopping distances were re- 

corded. The coefficients of friction for the | 

surface on the taxiway were then found to 

be from 28 to 33 percent higher than with 

the original tires, as shown in the last col- 

umn of table 3. The coefficients were then 

of sufficient magnitude to account for the 

braking distances recorded during the high- 

speed tests in which high coefficients of 

friction were utilized. 

Similar differences in friction coefficients 

between the two sets of tires were found 

for a bituminous surface, the results for 

which are included in table 3. It was sur- 

prising to find that the tires made such a 

great difference, especially since both sets 

of tires had the same tread pattern and 

were fabricated from the same rubber com- 

pound (based on the manufacturer’s rec- 

ords of the serial numbers). 

The hardness to which the rubber had 

been cured appeared to be the only measur- 

0.6 

04 
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0.2 
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Figure 14.—Average utilized friction coefficient while braking. 

June 1953 - PUBLIC ROADS 



Table 3. — Effect of tires on friction 
coefficients 

Coefficient of fricticn 

Type of test 
First set | Second set 
of tires of tires 

Concrete surface on taxiway: 
Slide impending from stopped 
XARA hao leyie Bicones nas 0.77 0.95 

Slide impending with wheels 
turning at slow speed...... .69 92 

Sliding at slow speed........ .67 .86 
Slide impending at 25 miles 

PETPHOULA eevee ery ho wae veke iY FW Pyrne ces Acie 
Sliding at 25 miles per hour.. A Gist teceeanceer tc 

Bituminous concrete surface: 
Slide impending at slow speed. 56 .70 
Sliding at slow speed........ -53 .68 

able difference between the physical charac- 

teristics of the two sets of tires. Had an 

attempt been made to find the tires that 

would result in the highest and lowest fric- 

tion factors, the difference might well have 

been much greater than the difference be- 

tween the two sets that were used. 

A few tests were also made on a third 

set of tires by towing a light pickup truck 

with a large 10-wheeled wrecker. The re- 

sulting coefficients of friction were 53 per- 

cent higher than for the first set of tires 

and 25 percent higher than for the second 

set of tires. The third set of tires was one 

size larger and had a different tread pattern 

than the other two sets of tires. The rubber 

used in their fabrication may also have been 

of a different compound and cured to a dif- 

ferent hardness than either of the other 

two sets of tires. 

In view of these results, further study 

should be made to obtain conclusive answers 

to a number of questions directly related to 

highway safety. How many drivers realize 

when they buy a new set of tires that their 

stopping distances in emergencies may be 

30 percent greater with one set of tires than 

with another set? For safety reasons, would 

it be equally desirable to reduce the nonuni- 

formity in tires as the nonuniformity in the 

texture of road surfaces to improve coeffi- 

cients of friction between tires and road 

surfaces? Also, in brake-performance tests, 

to what extent are coefficients of friction be- 

tween the road surface and the particular 

set of tires being measured rather than 

brake performance? 

Further Friction Studies 

The studies on the taxiway surface were 

for the purpose of obtaining some idea of 

the relation between friction coefficients and 

stopping distances. While the equipment 

for measuring friction coefficients was avail- 

able, it appeared desirable to extend the 

studies to other surfaces, principally to ob- 

tain a better idea of the problems involved 

in programming a comprehensive study of 

the relation between friction coefficients and 

braking distances. 

To measure friction coefficients of road 

surfaces, a four-wheeled vehicle was towed 

with a cable and the towing force measured 

with a resistance strain-gage dynamometer. 

This method was selected as the most. suit- 
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able one available after reviewing other 

methods reported for previous investiga- 

tions. 

The towed vehicle used for these tests 

was an Army jeep with a four-wheel drive, 

new brakes, and passenger-car tires. Two 

hydraulic shock absorbers were mounted on 

the front bumper in such a manner that 

they served as the front support for the 

tension-bar dynamometer used in conjunc- 

tion with an electronic strain recorder. The 

shock absorbers also served to dampen vi- 

brations and variations in the towing force 

imparted to the dynamometer by the cable 

when on rough surfaces. The other end 

of the dynamometer was fastened to the 

bumper of the jeep with a connection that 

permitted the same flexibility as a uni- 

versal joint. The towing force was kept 

Face of Bumper of Test Cor 

Double-Acting Hydraulic 

Shock Absorbers 

Mounting Location of 4 Electric Strain 

Gages and Temperoture Control 

Cable to SR4 Strain Recorder 

SCALE - INCHES 

parallel with the road surface at all times 

by a 25-foot steel cable attached to the 

differential of the tow truck at the same 

height as the mounting on the bumper of 

the jeep. Figure 15 shows the method of 

connecting the electric dynamometer to the 

towed vehicle, and figure 16 shows a typical 

dynamometer recording. 

A resistance strain-gage dynamometer 

and an electronic recorder furnished by the 

Naval Gun Factory were used throughout 

these tests. Gages were placed on the four 

sides of the half-inch-square aluminum bar 

with a temperature control element. The 

unit was waterproofed to permit operation 

in any type of weather. The SR-4 strain 

recorder was fastened to shock mountings in 

the tow truck and connected with the dyna- 

mometer bar by insulated wires fastened to 

See Enlarged View _ 

Tension Bor 

hac 
> 

= ' 

Section A-B 

SCALE > INCHES 

m Figure 15.—Method of connecting electric tension dynamometer to towed vehicle. 
Inset—towing jeep with panel truck. 
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the tow cable. The calibration of the dyna- 

mometer was checked before starting and 

after completing the friction tests. 

The following three types of friction co- 

efficients were measured at each test loca- 

tion: 

1. The maximum starting coefficient of 

friction from a stopped position. 

2. The maximum impending coefficient of 

friction with the wheels turning and a skid 

impending. 

3. The sliding coefficient of friction with 

the wheels locked. 

A standard procedure was followed for 

each test which involved the following steps 

(these were repeated at least once at each 

location to obtain a check on the initial 

readings) : 

1. The brakes of the jeep were fully ap- 

plied with the. motor stopped and the trans- 

mission in low gear. 
2. The tow truck moved ahead in low-low 

gear, engaging the clutch slowly until the 

towed vehicle started to slide. The tow 

truck then continued at a slow speed until 

the entire test had been completed. 

3. After the jeep had moved about 10 feet 

with its wheels locked, the operator disen- 

gaged the clutch and released the brakes on 

the towed vehicle until the wheels started 

to turn. He then applied the brakes slowly 

to obtain the maximum braking force with- 

out locking the wheels and then released 

the clutch slowly. This caused all wheels 

to start sliding simultaneously. 

4. After sliding ahead about 10 feet with 

the wheels locked, operation 3 was repeated. 

Various Surfaces Tested 

In addition to the friction tests that were 

conducted on the taxiway at Andrews Air 

Foree Base, 108 tests were conducted in 

1950 on the section of conerete on U S 40 

where brake tests had previously been«con- 

ducted on vehicles selected at random. Fric- 

tion tests were also conducted at 25 loca- 
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Figure 16.—Typical dyna- 

mometer recording. 

tions selected at random around Washing- 

ton, D. C., to obtain some idea of the vari- 

ous conditions encountered by drivers in the 

normal operation of their vehicles. One of 

these locations was: on Memorial Bridge 

where rear-end collisions frequently caused 

long delays to traffic crossing the bridge 

during morning and evening rush hours, 

especially on days when the surface was 

wet. The measurements were repeated at 

11 of the test locations during a rainy period 

or between intermittent showers while the 

surfaces were wet. 

The results of these tests show that the 

taxiway on which the brake tests from high 

speeds were conducted had a higher coeffi- 

cient of friction when dry than any of the 

road surfaces on which tests were made. 

The taxiway had an average coefficient of 

friction 5 percent higher than the surface 

in Maryland where the random brake-per- 

formance tests were conducted. 

The range in friction coefficients on a 1- 

100 

mile section of highway on and in the vicin- 

ity of the half-mile section where the ran. 

dom brake-performance tests were con: 

ducted is shown in figure 17. These were 
obtained with the set of tires that resulted 

in the lower coefficients, but the range shown } 

in figure 17 is nevertheless significant. 

With a range of more than 10 percent in }) 
the coefficient of friction of the surface, de- 
pending on the exact location of the test, 

and a possible variation of at least 30 per-| 

cent due to the tires, it is evident that these } 
variations had some effect on the results of. 

the brake-performance tests. Was brake 

performance or the coefficient of friction } 

between the road surface and the tires being’ 

measured? It is evident that the results for 

one must be considered in combination with! 
the other. 

The relative coefficients of friction at low! 

speeds for seven different types of surfaces. 

when dry and wet are shown in figure 18.) 

The term “relative” is used because the! 

values are based on one particular set of| 

tires. With other sets of tires the values 

might be considerably higher or lower and 

there is not any positive assurance that the 

relative magnitude of the coefficients be- 

tween different surfaces would be the same 

as shown in figure 18. In fact, the results| 

of a limited number of tests on different sur- 

faces with different tires indicate the pos- 

sibility that one surface with a relatively 

high coefficient of friction as compared with 

other surfaces when measured with one set 

of tires may have relatively a much lower 

coefficient of friction when the measure- 

ments are made with another set of tires. 

It can be hoped, however, that the data 

shown in figure 18 do represent about aver- 

age conditions on a relative basis. They 

should not be used without this qualification 

and without the additional qualification that 

construction methods and other factors can 

result in a wide variation in friction coeffi- 

cients even for the same general type of 

surface. 

100. 

SLIDING AT LOW SPEED 
WHEELS LOCKED 

80 

*_ SLIDE IMPENDING 
WHEELS TURNING 

40 | 

60 

YW SLIDE IMPENDING 
FROM STOP 

PERCENTAGE OF TESTS 

EQUAL TO OR BELOW VALUES SHOWN 

40 

PERCENTAGE OF TESTS 

es 20 

Figure 17.—Range in coefficients of friction on I-mile section of concrete pavement where random brake-performance tests were conducted. 
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SURFACE. TYPE 

TESTS AT LOW SPEEDS 

SLIDE IMPENDING 

ny) 4. KENTUCKY ROCK ASPHALT 

HOT BITUM. CONCRETE 
“ VIRGINIA F-Il TYPE 

HOT BITUM. CONCRETE 
“COARSE AGGREGATE TYPE 

'4.P.C. CONCRETE 

HOT BITUM. CONCRETE 
* FINE AGG. WITH RUBBER ADD. 

6 PC. CONCRETE -BRUSHED 
* GRAVEL EXPOSED 

DURAX GRANITE BLOCK 
* MEMORIAL AVENUE 

8 DURAX GRANITE BLOCK 
“MEMORIAL BRIDGE 

-<---7--! 

Figure 18 shows that the impending co- 

efficients of friction immediately before the 

wheels start sliding are higher for all types 

of surfaces, both dry and wet, than the co- 

efficients after the wheels start to shde. 

Also, all surfaces when wet have lower fric- 

tion coefficients than when dry. 

Interesting Comparisons Made 

A most interesting comparison exists be- 

tween the Durax granite block surface on 

Memorial Bridge, where heavy traffic vol- 

umes had worn the peaks on the blocks 

smooth, and the same type of surface on 

Memorial Avenue, where traffic volumes 

since construction had been much lower than 

on the bridge. When dry, the worn surface 

on the bridge had a higher coefficient of 

friction than any of the road surfaces, but 

when wet it had the lowest coefficient of 

friction. Both the impending and sliding 

values for the wet condition were only about 

50 percent of the values for the dry condi- 

tion. This was undoubtedly an important 

contributing factor to the large number of 

rear-end collisions and at least two head- 

on collisions that occurred while the sur- 

face was wet. 

When Memorial Bridge was resurfaced 

with a rock asphalt mixture, the coefficient 

of friction for the dry condition was re- 

duced about 25 percent. During the more 

critical condition, however, when the sur- 

face was wet, resurfacing the bridge in- 

creased the impending coefficient of friction 

36 percent and the sliding coefficient of fric- 

tion 53 percent. 

It is also interesting to note that all of 

the surface materials except Kentucky rock 

asphalt and the granite blocks have about 

the same coefficients when dry and a wide 

range in the coefficients when wet. At one 

intersection, the intersection area and the 
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04 0.6 0.8 1.0 
RELATIVE COEFFICIENT OF FRICTION 

Figure 18.—Relative coefficients of friction (impending coefficient for portland cement 
conerete used as unity). 

approaches for a short distance from the 

intersection had been resurfaced with a hot 

bituminous concrete containing a fine ag- 

gregate and a rubber addition as an experi- 

ment. The resurfaced areas (type 5 in figure 

18) actually had a lower friction coefficient 

than the sections on the approaches that 

had not been resurfaced (type 2). 

The effect of temperature on friction co- 

efficients was studied at 12 locations by con- 

ducting tests while the air temperature was 

36°F. on one day and repeating the tests 

on another day when the temperature was 

538°. It was cloudy on both days, and there 

had been a change in air temperature of 

only 2° during the 24 hours prior to the 

tests. 

The difference in temperature apparently 

had no effect at five locations with concrete 

surfaces. At three locations, the coefficients 

of friction were slightly higher, and at two 

locations they were slightly lower at 53° 

than at 36°. At the seven locations with 

various types of bituminous surfaces, the 

friction coefficients were consistently higher 

at the lower temperature than at the higher 

temperature. The average difference was 

10 percent for the impending coefficients of 

friction with the wheels turning and 8 per- 

cent with the wheels sliding in a locked 

position. 

Need for Further Research 

_ The tests to determine braking distances 

of vehicles from high speeds and the tests 

of friction coefficients may be regarded as 

pilot studies pointing to the need for far 

more extensive studies that should involve 

the cooperation of the automotive and tire 

industries. The brake-performance tests 

may seem ‘to be of limited number but, as 

far as is known, they have not been made 

elsewhere in larger numbers. 

The tests were of sufficient scope to throw 

serious doubt on some of the beliefs and 

opinions accepted in the past and to sug- 

gest the need for research broad enough in 

scope to give conclusive answers to the fol- 

lowing questions: 

1. What is the braking force or decelera- 

tion rate that drivers should be expected 

to attain on a dry surface? The tests 

showed that drivers of passenger cars with 

brakes in good condition were not always 

capable of obtaining a braking force suffi- 

cient to lock the wheels on dry surfaces 

with high coefficients of friction, especially 

at high speeds. 

2. Are not distances within which most 

vehicles can be stopped from high speeds 

most of the time on surfaces with high co- 

efficients of friction considerably longer 

than those generally accepted to be correct 

in the past? In these limited tests vehicle 

braking distances on dry surfaces increased 

with increased speed at a rate greater than 

the square of the speed. 

3. What causes the large variation in the 

braking distances of different vehicles and 

of the same vehicle during successive stops? 

During these tests there was a wide varia- 

tion in the braking action of the same ve- 

hicle and in the braking action of different 

vehicles, especially at high speeds. 

4. To what extent do brakes and road 

conditions cause vehicles to dive to one side 

and the drivers to lose control of their ve- 

hicles? In these tests deceleration rates at- 

tained by vehicles in making stops from 

high speeds were not uncomfortable unless 

the wheels locked or the driver was unable 

to control the path of the vehicle due to 

improperly adjusted brakes or nonuniform- 

ity of the road surface. 

5. What is the exact extent to which 

brake fade and other factors affect stopping 

distances of vehicles under normal operating 

conditions? In these tests brake fade ap- 

peared to be one of the most serious de- 

ficiencies of the cars tested. 

The results of the friction 

measurements are useful principally as a 

pilot study to illustrate the necessary magni- 

tude of any investigation designed to obtain 

exact information on the interrelation of 

stopping distances and friction coefficients 

between tires and road surfaces. Much is 

being done by highway departments to im- 

prove the nonskid qualities of roadway sur- 

faces and to eliminate types that are ex- 

ceedingly slippery when wet. Is it not also 

necessary to consider the variation in tires 

concurrently with the road surfaces to im- 

prove friction coefficients? Improvement in 

operating safety can be expected from con- 

tinued attention to better road surface de- 

sign and from continued improvement in 

the construction of tires. Would it not be 

advisable to establish minimum standards 

for both road surfaces and tires to avoid 

having drivers confronted with unexpectedly 

hazardous friction factors on both wet and 

dry surfaces? 

coefficient 
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broad approach. Classifying accidents ac-| 

cording to all their circumstances, regard- 

less of how unimportant any particular cir- 

While highway designers often talk about building safety into the highways, 

there have been few comprehensive studies of just what it is that makes some 

roads safer than others. In the study reported here, more than 16,000 accidents 

on approximately 5,000 miles of highway in 15 States have been used to relate 

the accident rates on different sections of highway to their respective design 

features and traffic characteristics. The roads selected are all main rural 

highways. 

The most significant factors affecting accident rates are the number of lanes, 

the volume of traffic, the degree of curvature, the widths of the pavement and 

the shoulders, and the percentage of cross traffic at intersections. Most of the 

effects are in the expected directions, but there are certain exceptions. 

At high traffic volumes, the lowest accident rates are to be found on divided 

roads with controlled access. while the highest rates occur on three-lane roads. 

On most types of highway sections the accident rate becomes higher with increas- 

ing traffic volume, except for a slight reversal due to congestion at extremely 

high volumes. However, there is a different pattern for two-lane curves and 

intersections, where the accident rate declines as the volume increases. 

Sharp curves have higher accident rates than flat curves on reads carrying 

the same amount of traffic. Wide pavements and shoulders are conducive to 

safety on two-lane curves, though they do not appear to have any value on two- 

lane tangents. Bridges are greatly helped by having the bridge roadway several 

feet wider than the approach pavement. 

At intersections, the percentage of the total traffic which is on the minor 

road is extremely important. Intersections where the cross traffic is between 10 

and 20 percent of the total have more than twice the accident rate of intersections 

having less than 10 percent cross traffic. Also, three-way intersections are con- 

siderably safer than four-way crossings. 

A number of roadway features failed to show any consistent relation to acci- 

dent rates. These include grade, the frequencies of curves and sight restrictions, 

and the percentages of commercial and night traffic. 

cumstance may seem at first, offers the hope 

of discovering significant relations between 

accident frequencies and associated circum-_ 

stances which might otherwise escape notice. 

The present study is an attempt to find 

out how rural traffic accident rates are af- 

fected by various physical features of the 

highway and by certain use characteristics 

such as average daily traffic, percentage of 

commercial vehicles, and the like. These 

are by no means the only causes of acci- 

dents. But if it should turn out, for in- 

stance, that roads with flat curves are ap- 

preciably safer than roads with sharp 

curves, then it would be possible to predict 

with some assurance the accident savings 

that would result from building flatter 

curves into the highways. Accidents have 

many causes, and an effective accident- 

reduction program ought to use the full 

range of remedies. This study is intended 

to throw light on those remedies which 

are in the domain of the highway designer. 

Summary of Findings 
The most significant factors affecting ac- 

cident rates, as discovered in this study, are 

POPULAR VIEW has it that every ac- 

cident results from some “principal 

cause,” like’ speeding or driving on the 

wrong side of the road. The way to pre- 

vent accidents, according to this view, is 

to stop drivers from doing the things that 

stand highest on the list of principal causes. 

The problem is not so simple. Every ac- 

cident has many causes, if we consider a 

cause to be any remediable condition whose 

correction would have prevented the acci- 

dent. For example, suppose two cars driven 

at high speed have a head-on collision at 

night on a two-lane road. The speed of the 

vehicles is obviously one cause of the col- 

lision, Other causes may be the use of 

blinding headlights, the absence of lighting 

on the highway, inadequate pavement width, 

and the fact that the road carries two-way 

instead of one-way traffic. Any of these 

may have contributed equally with speed 

to the accident, but the chances are that 

speeding will get most of the blame. 

It is desirable to examine all the causes 

of an accident instead of concentrating on 

a single cause, since a wide variety of 

corrective measures may be suggested by a 
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Figure 1.—Mileage of study routes. 
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Table 1.—Length and amount of travel on the study routes 

Approximate length, in miles Travel in study year, in million 
vehicle-miles 

| Tangents Curves Tangents Curves Total Total 

Connecticut 
Georgia 

Virginia 
Washington 
Wisconsin 
Wyoming 

350 70 420 380. 
150 
150 

le 
249. 
200. 
13 
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Total 

traffic volume, degree of curvature, pave- 

ment and shoulder width on curves, percent- 

age of cross traffic at intersections, and the 

width of bridge roadways, both absolutely 

and in relation to their approach pave- 

ments. In most cases the effects are in the 

expected directions, but there are certain 

exceptions. 

Volume of traffic has a strong effect on 

the accident rate on nearly all types of 

highway sections. In general—except for 

curves and intersections on two-lane roads 

—the accident rate becomes higher as the 

volume is increased. There is often a slight 

reversal of this trend at very high volumes, 

presumably because extreme congestion in- 

hibits the drivers’ ability to make passing 

maneuvers. 

At curves and intersections on two-lane 

roads the trend goes the other way. Here 

the accident rates become lower with in- 

ROADWAY CONT'L 
PAVEM T SHLOR'MED] 

LOCATION 
ROUTE 

FREQUENCIES | VOLUMES 

00 ° 

creased traffic volume. This effect has been 

well substantiated, but the reason for it re- 

mains a matter of speculation. A plausible 

theory is that the two-lane curves and in- 

tersections present conditions which most 

drivers recognize as hazardous, particularly 

when there is a considerable amount of 

traffic. Accordingly, the driver pays enough 

extra attention when these facilities are 

busy to more than compensate for the added 

potential danger. 

Sharp curves have higher rates than flat 

curves. The volume effect described above 

is more pronounced on sharp curves than on 

flat ones. 

Wide pavements and shoulders help to 

reduce the accident rates on two-lane curves. 

This is in contrast to the two-lane tangents, 

where no particular effect could be traced 

to the width of the pavement or the 

shoulders. 

ROADWAY ELEMENT 

The percentage of cross traffic at an in- 

tersection has a tremendous effect on its 

accident rate. It takes only about 15 per- 

cent cross traffic to make an intersection 

more than twice as hazardous as when the 

cross traffic is well below 10 percent. 

Another important intersection charac- 

teristic is the number of approaches. Three- 

way intersections ('T and Y) have markedly 

lower accident rates than four-way cross- 

ings. This is not necessarily an argument 

for staggering. all crossings, however, as 

the increased number of intersections and 

the additional turning and weaving might 

easily nullify the apparent advantage. 

Wide roadways are desirable at two-lane 

bridges and underpasses, and they should be 

several feet wider than the approach pave- 

ments. Of the two types of structures, 

underpasses are considerably more hazard- 

ous. 

A number of roadway features did not ap- 

pear to have any consistent effect on the 

accident rates. These include grade, pave- 

ment and shoulder widths, frequency of 

curves, frequency of sight restrictions, and 

the percentages of commercial and night 

traffic. 

Technique of Study 
To make it possible to study a large num- 

ber of different highway features, the roads 

included in the study were divided into 

short homogeneous sections. Each of these 

sections was substantially uniform in grade, 

pavement width, shoulder width, degree of 

curvature, traffic volume, ete. Any place 

where a change occurred in any of these 

characteristics was made a dividing line be- 

tween one section and another. Intersections 

and structures were also regarded as sec- 

tions, because of their special characteristics 
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Figure 2.—A highway punch card and an accident punch card on the same highway section. 
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Table 2.—Number of highway sections, by type of roadway element. 

| 

| Tangents 
Railroad 
crossings | Structures sections 

Coloradc 1 ,239 
Connecticut (1941) el 1 634 | 
Connecticut (1946) 1 ,628 | 
Georgia er 160 | 

434 
333 | 
402 | 
683 

416 | 

Louisiana 
Minnesota 
Nebraska 

New Mexico............ 
Oregon 9.5 PS. fiat 
Pennsylvania 338 

896 

1 832 240 
Washington 093 610 
Wisconsin | 232 69 
Wyoming 132 58 

530 

Virginia 

GA 

626 | 771 | 
239 | 

207 
311 
329 

6 

293 
64 
54 

298 

58 
122 
203 
51 

92 
537 83 
91 16 
30 | 4 

- e 

PrHostp wooo 

Totahicl &o6s. NGL / 15,078 | 7 655 

Table 3.—Number of 

Tangents Curves 

6 ,727 2 ,191 

accidents, by type of roadway element 

Railroad 
crossings 

Inter- 
sections Total 

Structures 

Colorado 
Connecticut (1941) 1 ,374 
Connecticut (1946) 1 ,223 
Georgia | 64 

‘ 461 | 
Louisiana 5381 
Minnesota... 254 
Nebraska 638 

New Mexico. . 89 
Oregon 926 
Pennsylvania 265 | 

447 

Virginia... 648 
Washington. . ro. 1 ,962 
Wisconsin se! 197 | 
Wyoming. . 

676 130 
560 | 

ah 
2 387 
2 098 

121 

680 
693 
488 
871 

109 
516 
501 
706 

225 | 
426 
287 
17 

98 
107 | 
170 
121 | 

9 
366 
22 
116 

250 
1,119 | 

68 | au 

aon 

oooo ONoOo 

1,115 
3 694 

274 
57 

a 

COonNo NOOO OUNrF OrFOoo 

Totatt... 141 16 421 oo © 3 409 549 
| 

Ratio of— 

Injury Other 

Adjust- 
ment Total to factor 

fatal-nlus- 
injury 

Colorado. dace ttt 382 
Connecticut (1941)... 51 | 1,018 1 ,318 
Ccnnecticut (1946)... | | 758 1 ,298 
Georgia | 47 66 

a. peas (oS tae 274 
olisiana. 24. aeebe hot 260 411 
Minnesota 178 300 
Nebraska 406 

New Mexico. 59 39 
| 288 ,189 

Pennsylvania 193 288 
; : 283 390 

434 579 
635 

Virginia... 
Weashington..........] 
Wisconsin. =) 2). fee 176 
Wyoming. “joi 3-Le | | 26 

10 ,193 

150 divided by the t tal-t -fata} ratio. 

.60 

.23 
-§2 
.20 

bm bho 

NO ONO MHNwOOo 

POW AWA DOW,K 

NNN bo DOOwW 

NPROOD POOD OMEN HOM Me Sia NWO NR Ween mbwr NNR FN ht AaOoOre COO 

These adjustment factors are used in computing the type 1 accident rates. 
2 Type 2 accident rates are computed only for those States with total-to-fatal ratios of at least 25. 

(e.g., volume of traffic on the intersecting 

road, relative width of bridge roadway and 

adjoining pavement). The presence of an 

intersection or a structure was treated as 

a break between highway sections. Each 

accident was assigned to the highway sec- 

tion where it occurred. 

The basic techniques for the study were 

devised by the National Safety Council in 

cooperation with the Bureau of Public 
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Roads in 1945, following a pilot study on 

U S$ 1 in Virginia. All 48 States were in- 

vited to participate in the study, using as 

data the 1941 accidents on rural sections 

of the National System of Interstate High- 

ways. Only 15 States were able to do so, 

although a number of others expressed in- 

terest in the project. The year 1941 was 

selected as the most recent in which driving 

conditions were “normal.” A few of the 

States used other years (see table 1), and 

some main rural highways were used which 

are not part of the National System of 

Interstate Highways. The chief obstacles 
to wider participation by the State high- 

way departments were insufficient man- 

power to prepare the strip maps and the 

coding sheets, inability to locate accidents 

accurately, and incomplete accident report- 

ing, in the sense that too many accidents 

went unreported. 

lished.* ar 
The participating States are given in 

figure 1 and table 1. 

ing the study year. (In addition to 1941 

data, Pennsylvania submitted cards for ac- _ 

cidents in the first 5 months of 1942, but | 

these have not been used in any of the 

analyses covered in this report.) 

Two brief reports. of | 

preliminary findings have already been pub: | 

For each State the | 

table gives the year for which accident | 

records were submitted, the number of miles — 

of roadway included in the study, and the | 

total amount of travel on those roads dur- 

The data were recorded on tabulating — 

cards, the coding procedure calling for two 

sets. One set. called highway cards, con- 

tains a card for each highway section. 

The second set, called accident cards, con- 

tains a card for each accident. In figure 2, 

the upper picture is a typical highway card; 

below it is an accident card representing an 

secident on the same highway section. The 

first 56 columns, which identify and de- 

scribe the highway section, are identical on 

the two cards. This makes it possible to 

classify accidents according to various high- 

way features without having to refer to the 

highway cards. 
The punch in column 57 indicates which 

tyne of card it is. The remaining columns 

serve different purposes on the two types of 

cards. On a highway card they give the 

length of the section and the annual ve- 

hicle-mileage of travel on it. On an acci- 

dent card these columns contain informa- 

tion about the circumstances of the acci- 

dent. 

A third type of card, the summary card, 

has recently been punched and used in some 

of the later analyses. There is one of these 

ecards for each highway section, with the 

columns at the end of the card containing 

information about the number of accidents 

on the section. 

Number of Accidents 

Tables 2—4 indicate the size of the study. 

Table 2 shows the number of highway sec- 

tions in each State, subdivided by types of 

roadway elements. Nearly half of the 

32,091 highway cards represent tangent sec- 

tions, and one-fourth represent curve sec- 

tions. About two-thirds of the remainder 

(21 percent of the total) represent inter- 

14 plan for relating traffic accidents to highway 
elements, hv C. F. McCormack. American Association 
of State Highway Officials Convention Group Meet- 
ings, 1944, pp. 117-119. The relation of highway 
design to traffic accident experience, by D. M. Ba'd- 
win. American Association of State Highway Officials 
Convention Group Meetings, 1946, pp. 103-109. 
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sections, and the rest are for structures, 

railroad crossings, toll stations, and transi- 

tions of various kinds. 

+ Table 3 shows similar information re- 

garding the accident cards. In all, there 

were 16,421 accidents, of which 60 percent 

were on tangents and 16 percent on curves. 

_ Table 4 classifies the cards by severity of 

Becident within each State. There are 

cards for 557 fatal accidents, 5,671 per- 

-sonal-injury accidents, and 10,193 property- 

damage accidents. 

Table 4 also lists certain ratios for each 

State. The ratio of the total number of 
accidents to the number of fatal accidents 
is a rough measure of the completeness 

of accident reporting. It has its limita- 

tions, however, for while all fatal accidents 

are probably reported, it is most unlikely 

"| that the true total-to-fatal ratio is the 

same in every State. In any event, this 
~ yatio is the basis of an adjustment which 

is used in some of the rate computations. 
The ratio of all accidents to those in- 

volving either deaths or injuries (fatal- 

_plus-injury) has a similar interest. It 

might also be used for adjustments, but 
_ this has not been done so far. This ratio 

varies much less among the different States 

_ than does the total-to-fatal ratio. The 
_ table also shows the ratio of the number 

_ of injury accidents to the number of fatal 

accidents in each State, and the last column 

of table 4 lists the adjustment factors (ob- 

tained by dividing 50 by the total-to-fatal 

Accidents on Accidents on 

.study. 

ratios) which are used in computing the 

type 1 accident rates, as explained subse- 

quently. 

Method of Analysis 
It was difficult to decide how to combine 

the detailed data from different States. The 

reporting requirements vary, and it can- 

not be assumed that the reporting laws 

are fully complied with in every State. 

There are three essentially different ways 

of dealing with this problem. One way 

is to use a system of weights involving an 

adjustment factor for each State. A State 

which is believed to report only half its 

accidents would have an adjustment factor 

of 2, so that each reported accident would 

count as two adjusted accidents. This is 

substantially the approach that was used 

by McCormack and Baldwin in their earlier 

reports of preliminary findings from this 

The trouble with adjustments is 

that they. give the most weight to the least 

reliable data, and that the adjustment fac- 

tors are computed on the basis of a dubious 

assumption. 

A second approach would dispense with 

adjustments but would use only the data 

from States whose reporting meets a cer- 

tain standard. This avoids the distortions 

caused by the adjustment process, but it 

has the drawback of reducing the amount 

of usable data. A variation of this ap- 

proach would use only :the fatal accidents 

(in all the States), or only the fatal and 

injury accidents. To use only fatal acci- 

Table 5.—Accident rates on tangents, by grade and roadway type 

{rates are per million vehicle-miles] 

Accidents on four-lane roads 

two-lane roads three-lane roads 
Grade, in percent Undivided Divided 1 | Centrolled access 

——. —— — | —— _ = = _ = — | 

| | | | 
|Number| Rate |Number; Rate Number} Rate | Number} Rate |Number| Rate 
{ ( { ' 

Tyrer 1 Accipent Rares (Aux Statss, £psusTEpD) 

{ 

oe oan Seid Ao | 5 ,442 Bl 194 | 6.1 | 1,043 6.0 827 4.7 504 2.2 
S=O.09 erence roa 321 4.0 18 | 5.6 136 Zheyih 83 3.4 139 2.9 
44.99 CPV AMIS: EE 253 3.6 | Gel acre 65 6.8 56 4.4 59 1:6 
B= b.005 5 hon ee 322 4.4 | a 4.4 49 6.8 9 3.6 46 2.1 
Ba6:00 Sn aie. ae. 86 4.0 | 1 10.0 29 10.2 1 1.4 13 ive 
7 or more 49 3.9 5 14.4 | 26 10.1 6 15.6 13 il sfs) 

Less than 3......... 5 ,442 3.7 | 194 6.1 1,043 6.0 827 4.7 504 Pye 
PHOLHMOTesic es cases 1,031 4.0 33 | 6.8 | 305 15 155 4.1 270 2.3 

Typr 2 AcctpEentT Rates (SeLecTED SratsHs,? WitHOUT ADJUSTMENT) 

ess than S...c6..-. 3 ,507 3.0 | 100 6.5 644 3.9 701 3.0 504 1.6 
B.O9 meet eereryens 219 B28] 14 3.4 78 3.5 78 2.5 139 1.7 

BA OO. ott be: Vind lt Ne | 175 Pathe || 1 1.2 12 2.0 43 3.0 59 1.5 
O=0.90 otters sce ze |, ~259 4.2) Odhatttetend 18 Sends 6 1.8 46 1.4 
6=6:90 7 ae Ae 50 2.9 0 OPE cess 1 2.5 13 1.6 
BEOr OTe. eee 48 3.0 Onleeee 4 {55 6.3 Oe ene 13 1.6 

ess than Saoniaa.ates ngs ,507 SOM 100 6.5 | 644 Bae 701 3.0 504 1.6 
BEOLSIMOLG ina steers 751 3.4 | 15 | 2.7 | 113 3.4 128 2.6 270 1.6 

Typre 3 AccipENT Rates (Auu States, WiTHouT ADJUSTMENT) 

| 

Less ped Rw een S rrae 5 ,442 299) 194 | 2.6 1 043 Pasi f 827 2.9 504 1.6 
3 OO cae ee ee. AAs 321 Pa il 18 2.5 | 136 2.8 83 2.5 139 1.7 
i480 he ee | 253 2e2)} 6 2.3 | 65 2.0 56 2.6 59 1.5 
TORU ieee ee een nae aoe Sealy 3 9 49 2.3 9 iste. 46 1.4 

OO se Ene 86 P2954 i 2.0 | 29 2.4 1 1.4 13 1.6 
MAOLEIN OFC Ailes coh. aed | 49 Bye pul 5 halt | 26 2.6 6 3.3 13 1.5 

Less than3......... 5 442 2.2 194 2.6) 1,048 Dd 827 2.9 504 1.6 
BOM MOTs ety Lok 2.5 | 33 2.2 305 2.4 155 2.5 270 1.6 

1 Fxcluding highways with controlled access. 
_ 2§8tates having a total-to-fatal ratio of 25 or more. 

- 
§ 
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This applies to all the tables. 
This applies tc all the tables. 

dents is impractical, however, for it would 

reduce the study to only 557 accidents. The 

use of both fatal and injury accidents has 

more to commend it, but there would still 

be a heavy reduction in the amount of data 

available for analysis. Mereover, it is 

doubtful that fatal (or fatal and injury) 

accidents are affected by highway features 

in the same way as accidents of all degrees 

of severity combined. 

The third approach is to ignore the prob- 

lem altogether and simply count the acci- 

dents in all the participating States, irre- 

spective of the variation in reporting stand- 

ards. For all its crudeness, this method 

turns out to be generally superior to the 

other two. 

All three of these approaches have been 

used. (The choice among them is ex- 

plained in the final section of the report.) 

In the ensuing discussion they will be called 

type 1 rates, type 2 rates, and type 3 rates, 

respectively. The type 1 rates use all the 

participating States, with the number of 

accidents in each State multiplied by the 

adjustment factor given in the last column 

of table 4. The type 2 rates do not use 

adjustments, and include only those States 

having a total-to-fatal ratio of at least 25. 

The type 3 rates use all the participating 

States, without adjustment. Use of the 

adjustment factors involves the assumption 

that the total-to-fatal ratio would be the 

same in every State if the reporting stand- 

ards were identical. There is at least one 

State in the present study for which this 

assumption is clearly unreasonable (see dis- 

cussion of Virginia, p. 177). 

Once it has been decided which mate- 

rial to use and whether the count should be 

of actual or of adjusted accidents, the proc- 

ess of computing a rate involves (1) count- 

ing the total number of accidents on sections 

in a particular category, (2) adding up the 

total vehicle-mileage on these sections, and 

(3) dividing the former sum by the latter 

to get the rate in terms of accidents per 

million vehicle-miles. To study the effect of 

grade, for example, the highway sections 

are divided into several groups on the basis 

of their grades. Then the rates for these 

groups are computed and examined to see 

if there is a steady trend or other close re- 

lation between accident rate and grade. If 

the rates show indications of a trend but are 

somewhat irregular, it is possible to make 

a statistical test of whether or not a trend 

really exists. 

The slope of the “best” straight line— 

the regression coefficient—is computed, with 

each rate weighted in proportion to the 

amount of travel on which it is based. Also 

computed are the confidence limits of this 

slope, from which one can tell at a glance 

how reliable the estimated slope is and 

whether or not it is significantly different 

from zero. These quantities are presented 

in those cases where they will aid in under- 

standing the analyses. 

For those to whom the correlation coeffi- 

cient is more familiar than the regression 
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coefficient, it should be pointed out that the 

two are closely related. (b=ra,/o,, where 

b is the regression coefficient, 7 the correla- 

tion coefficient, and 7, and o, the standard 

deviations of y and x respectively.) The 

significance of the departure of b from zero 

is the same as that for r. The use of 6 has 

two advantages, however, over the use of 

ry: (1) it is of more inherent interest, since 

it may be more important to know about a 

relationship of steep slope with low reli- 

ability than one of small slope with high 

reliability; (2) if the true relationship is 

a straight line, the estimated value of b 

A -TWO-LANE TANGENTS 

is normally distributed while that of 7 is 

highly skewed. So the estimate of b is much 

less affected by sample size than that of ¢. 

For study purposes the highway sections 

have been classified as tangents, curves, 

intersections, structures, and miscellaneous 

(railroad grade crossings, toll stations, and 

transitions in width of roadway or median). 

These are further subdivided according to 

the number of lanes on the study route. 

Some of the material is presented in 

tables, some in bar graphs. Most of the 

tables present the three types of accident 

rates already described. As a guide to the 

reliability of the various rates, there is 

presented along with each rate the actua 

number of accidents on which it is based. 

The graphs, with one exception, show 

only the type 8 rates, i.e., the ones that use 

accidents from all the States without an 

adjustments. On these graphs the bars 

differ in width according to the number of 

vehicle-miles on which each rate is based. 

Tangents: Effect of Grade 

Two- and three-lane_ roads - 

Table 5 shows how the accident rates on 

tangents vary with the gradient of the 

A —TWO-LANE CURVES 

yn Wa fa oO 

B-THREE-LANE TANGENTS 
13 

12 

1 WIDTH OF BARS INDICATES 

10 RELATIVE VEHICLE-MILEAGE 

OF TRAVEL. 
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ACCIDENTS PER MILLION VEHICLE- MILES 
D -FOUR-LANE DIVIDED TANGENTS 

WIOTH OF BARS INDICATES 

RELATIVE VEHICLE-MILEAGE 

OF TRAVEL. 

AGGIDENTS PER MILLION VEHICLE- MILES (TYPE 3) 
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Figure 3 (above).—Accident rates on tangents, by volume of traffic. 
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really exist. There is some evidence to 

support the latter belief. After submitting 

the data for the present study, Minnesota 

conducted another study of the same high- 

way which in some respects parallels the 

work being described here. The collection 

of data was all new, none of the informa- 

Table 6.—Accident rates on tangents, by volume of traffic and roadway type 

{rates are per million vehicle-miles] 

j Accidents on four-lane roads 
Accidents on | sa! 

three-lane roads | 
Undivided Divided 

Accidents on 
two-lane roads 

Controlled access Average daily traffic 

Number] Rate |Number|} Rate |Number| Rate |Number| Rate |Number| Rate 

AccrpENT Ratss (Aut States, ADJUSTED) 

: 79 
1 396 : 102 

71 : 46 
0 0 

TYPE 2 

2 ,868 : 5 
1 320 5 64 

71 : 46 
0 0 

18 
117 
309 
314 

79 
102 
46 
0 

Table 7.—Accident rates on two-lane tangents, by width of pavement 

{rates are ver million vehicle-miles] 

Number of accidents and accident rate for— 

Pavement width, in feet (all 
Type 1 accident rate 

States, (selected States, (all States, 
adjusted) 

Type 2 accident rate | Type 3 accident rate 

unadjusted) unadjusted) 

Number Rate Number Rate Number Rate 

highway. On two-lane roads there does not 

appear to be any particular relation between 

accident rate and grade, no matter which 

of the three rate types is considered. (This 

statement refers to the total correlation be- 

tween accident rate and grade, ignoring all 

other highway features. It may be that, 

when the appropriate other features are 

held constant, there is a significant partial 

correlation. All the statements which will 

be made in connection with single-factor 

analyses refer to total correlations only.) 

For each of the three types the slope (re- 

gression coefficient) is positive, i.e., the ac- 

cident rate tends, on the average, to increase 

as the grade increases. However, none of the 

three slopes is significantly different from 

zero at the 5-percent level of significance. 

(The 5-percent level is widely used in sta- 

tistical analyses.) This means that the 

amount of scatter is such that there is more 

than a 5-percent.chance that the true slope 

‘may be zero or negative. 

The three types of accident rates differ 

considerably. The type 1 rate is the high- 

est, because it includes accidents which are 

assumed to have occurred without being re- 

ported. The type 3 rate is the lowest, be- 

cause it uses only the accidents that were 
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actually reported and includes States in 

which the reporting is known to be poor. 

The type 2 rate is in between. It might be 

thought that this rate would be the most 

reliable, because it includes only the acci- 

dents actually reported in States where re- 

porting is presumed to be good; but it suf- 

fers from being based on a smaller sample 

than the other two types of rates. 

A disturbing feature in all three types 

of rates is the large amount of apparently 

meaningless fluctuation. For example, the 

type 2 rate takes the values 3.0, 3.3, 2.7, 4.2, 

2.9, and 3.7 as the grades increase steadily. 

These fluctuations are too large to be due 

to sampling variation. They cannot be a 

result of the adjustment process, for they 

are just aS prominent in the unadjusted 

rates (types 2 and 3) as in the adjusted 

one; anyway, the same effect is found within 

individual States. Nor are they peculiar 

to the effect of grade; similar fluctuations 

occur with most other highway features. 

They may be due to the oversimplification 

caused by studying only one or two features 

at a time while ignoring all the rest, or they 

may be a result of the difficulty in obtain- 

ing absolutely accurate data. This could 

have the effect of obscuring relations which 

tion being carried over from the earlier 

work. Very great care was used in check- 

ing all information, particularly with re- 

gard to the exact locations of accidents. 

The value of this care is demonstrated by 

the greater consistency of the results in 

their report.’ 

To sum up, the accident rate on two-lane 

tangents does not appear to be significantly 

affected by grade. 

' On three-lane tangents, as on the two- 

lane tangents, most of the travel was on 

roads of less than 3-percent grade. Large 

fluctuations are present in the accident 

rates, and no reliable relation is found be- 

tween accident rate and the percentage of 

grade. The slopes for the types 1 and 3 

rates lack statistical significance, as with 

the two-lane roads. The type 2 rate has 

a significant negative slope, with the rate 

declining as the grades become steeper; but 

the decline is meaningless because of a 

peculiar distribution of travel among the 

different States. The high rate for roads 

of less than 3-percent grade is caused en- 

tirely by the figures from one State, Oregon, 

which included no roads with higher grades. 

If Oregon data are excluded from the type 

2 rate, the significant relation disappears. 

Four-lane roads 

On four-lane tangents without a median, 

it seems unlikely that the grade has any 

effect on the accident rate, even though the 

type 1 rate does have a significant upward 

slope of 0.69 + 0.48 per percent of grade. 

(This means that the rate increases by 

about 0.69 for each 1-percent increase in 

the grade. There is a 95-percent chance 

that the true slope is between 0.69 — 0.48 = 

0.21 and 0.69+0.48=1.17). The type 3 

rate, which uses the very same accidents 

and vehicle-mileage, tends to become smaller 

as the grades increase but in a way that does 

not indicate a statistically significant trend. 

The type 2 rate is irregular but shows a 

slight tendency to increase as the grades 

increase. 

This is an example of how each type of 

accident rate can point to a different con- 

clusion. It appears that grades in the 

range used on main rural highways do not— 

when other factors are ignored—have any 

appreciable effect on the accident rate for 

four-lane undivided tangents, especially in 

view of the fact that the significant rate 

of increase for the type 1 rate is the result 

of a peculiar circumstance which distorts the 

true picture. Virginia, whose adjusted ac- 

cident rate is much higher than that of any 

of the other States, contributes increasing 

proportions of the total travel as the grades 

2 Minnesota Rural Trunk Highway Accident, Access 
Point and Advertising Sign Study (1951). 
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Table 8.—Accident rates on two-lane tangents, by width of shoulders 

{rates are per millio n vehicle-miles] 

Number of accidents and accident rate for— 

dent rate | Type 2 accident rate | Type 3 accident rate : : } Type 1 acci 
Shoulder width, in feet (all States, (selected States, (all States, 

adjusted) unadjusted) unadjusted) 

Number Rate | Number Rate | Number Rate 

~ Curb... Ee, Gee 10 2 ras 3 0.8|— TO (eet 4 
O=4:.0 ine oR STs ck Cie acts wie ore 2,673 329 | 2 ,012 Sa 2 673 2.6 
5-7.9... ie cata e ete at, cate Ents Cord. «eee 2 ,789 3.6 | 1 ,556 3.1 2 ,789 2n0 
S~9.0 } oa a he ee i a ee 525 3.6 | 338 3.0 525 2.4 
LOOP, MOTE Shee ne choke ore ee ore ee 476 4.1 | 350 333 476 2.8 

Table 9.—Accident rates (type 3) on two-lane tangents, by volume of traffic, 
pavement width, and shoulder width 

{rates are per million vehicle-miles] 

Number of accidents and accident rate when shoulder width is— 

Pavement width. | | 
in feat Less than 5 feet 5 to 7.9 feet | 8 to9.9feet | 10 feet or more | Total 

- i - —_ | s)he le a 

Number! Kate |Number| Rate Number Rate Number} Rate |Number| Rate 
| | | | 

TrRaFFic VOLUME 0 To 4,900 VEHICLES PER Day 
PAs me. AS! : _ 

16 or less........... OT Aes 96 5.2 | 0 tee: | 1 3.3 194 | 3.6 
LR cd tooe CECE kd A 679 | 2.0 871 2.1 | 82 20" 58 3.8 1 ,690 2.1 
DO ate eee oe ee arte 991 | 2.4 1 ,027 1G 223 1.8 66 1.6 2 ,307 2.0 
Ph EV. tt Re Sa Re = 193 | 2.4 25 1.4 65 2.5 | 117 2.9 400 2.4 
Pe oS, We ere 67 | 2D 167 ale) 16 748 le 9 Poth 259 7 
25 or more.. 35 2.3 61 Gal OSes 55 2.6 151 2.1 

. ee 5 

Potato 21062 | 2.4 12247 1.8 | 386 2.0) 306 2/6125 001g S21 

5,000-9,900 VmHICLES PER Day 

16 or less........... 4 furs aiond 48 | 20.0. Gr | ee Ree | Cle weer | 52 | 15.3 
TS ete Aaa ea 14 | ee (i) 36 | 12 2.0 2 2.5 101 2.8 
ZO Reet abet 469 | 3.5 237 3.0 | 104 7.9 (ok 2.9 881 3.5 
AEP ee pe Se ae 49 3.0 29 Bi | 23 11.5 5 in 7 106 3.0 
23-24...... ae: ee 13 9.3 27 ese | OT; tees On! ees 40 6.8 
26:0 Mores. asta. 33 | 3.9 88 2.9 | Olt, © ene 92 4.4 213 3.6 

Total... 582| 3.4 502 ava fo 51389 sci = 4170 3.5\,1,3938 |, 3:6 
! 

ALL VOLUMES 

U6 OF AGE AD. mettle ale. 10%; bi bg: 288 144 0c Ns EY A 1 PW hal wade 2s Baad 
1 Rte gs ell yl Be 693 2.0 944 2.1 | 94 200m) 60 Setaijee is 70d 21 
A Uday easier 4h oe? Ae 1 497 2.9 1 ,297 L238 327 2.4 | 137 Aca! 3 ,258 2.3 
Dy eto ie! 942.) meh OD o5 54 1.9 | 88 Pie alee 2.8] 506 2.6 
23-24 ge 80 | 228 194 ih Yi 16 1.9 | 9 22794 299 1.9 
25 Ormore=: os. oe 68 | 2.8 150 2.2 One ores 147 3.5, 365 Li, 

Potalie).. 14695 23681 bi) 226 h2,783 2.0 525 2.4) 476 2.8) 6.465 | 2.2 

Table 10.—Accident rates on two-lane tangents, by frequency of curves 

[rates ave pey millio nm vehicle-miles} 

Number of accidents and accident rate for— 

| Type 1 accident rate | Type 2 accident rate 
(all States, 
adjusted) 

Number of curves per mile 
| Type 3 accident rate 

(all States, 
unadjusted) 

(selected States, 
unadjusted) 

erates pene 

Number Rate Rate | Number Rate Number 

1,251 
1 ,463 

580 
771 
588 
552 
806 
405 

increase. This makes the type 1 rate ap- 

pear to increase, even though there is no 

increase when Virginia is considered by 

itself or when all the other States are con- 

sidered with only Virginia excluded (see 

further discussion of Virginia, p. 177). 

For four-lane tangents having a median 

but no control of access, the accident rates 
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1 ,251 
1 463 

580 
771 
588 
552 
806 
405 
55 
0 

| 

442 
| 649 

329 
573 
492 
508 
806 
405 
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are also inconclusive. None of the slopes is 

statistically significant, but there is some 

tendency for the rate to decline as the grade 

increases. On four-lane divided roads with 

controlled access, too, the grade has no 

particular effect on the accident rates. 

In summary, on tangent highway sections 

there does not appear to be any relation be- 

tween grade and accident rates. In these 

analyses the roads have been classified only 

by grade, so it remains possible that grade 

may have some effect. on the accident rate 

when the appropriate other features are 

held constant. 

Tangents: Effect of Volume 
Two- and three-lane roads 

Figure 3A shows how the accident rate 

on two-lane tangents varies with the aver- 

age daily traffic when all other character- 

istics of the highway section are ignored. 

This is a typical example of the type of bar 

graph used in this report. Each bar con-_ 

veys three distinct pieces of information. 
The height of the bar indicates the type 3 | 
accident rate for the set of roads which the 

bar represents. The horizontal position of 

the bar indicates the average daily traffic 

volume on the roads represented. The width | 

(thickness) of the bar indicates the number 
of vehicle-miles of travel on which the rate 

is based. No scale is shown for these widths, 

since it is only the relative widths that 

matter. The scales are different in each 

graph. < 

To be specific, the first bar in figure 3A 

shows that the type 8 rate is 1.3 for roads 

carrying from 0 to, 900 vehicles per day. 

The next bar shows the rate to be 1.6 for 

roads carrying from 1,000 to 1,900 vehicles 

per day, and that this rate is based on about 

five times as much experience as the first 

rate. And so on. 

The graph suggests a definite pattern, | 

which in fact is the same for all three types 

of rates. (Information concerning all three 

types of rates is presented in table 6.) The 

accident rate increases steadily with in- 

creasing volume, reaching a maximum for 

roads carrying 8,000 to 9,000 vehicles per 

day. Heavier traffic reduces the accident 

rate somewhat, presumably because the ex- 

treme congestion at such high volumes 

makes it difficult for drivers to engage in 

passing maneuvers. The latter point is of: 

small interest to the highway designer, who 

would hardly recommend two-lane _ con- 

struction for a road expected to carry as 

many as 9,000 vehicles per day. 

In the range that is of principal interest 

the relation is simple and straightforward: 

higher traffic volumes mean higher accident 

rates. 

There is a similar increase on three-lane 

tangents, as shown in figure 3B. The type 

1 and type 8 rates both increase significantly 

as the traffic volume becomes larger. The 

information for the type 2 rate is too frag- 

mentary to be of much value. 

Four-lane roads 

Figure 3C represents the condition on 

four-lane undivided tangents. All three 

types of accident rates have a pattern simi- 

lar to that for the two-lane tangents: the 

rate goes up until a certain volume is 

reached, after which it drops down again. 

But the three types of rates do not have 
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be, 

y Beir maxima at the same traffic volume. Table 11. 

‘The type 1 rate reaches its peak between 

5,000 and 10,000 vehicles per day, while 
the type 2 and type 3 rates are highest 

for volumes between 15,000 and 20,000. The 

type 1 rate would have its peak in this same 
range if the Virginia figures were omitted. 
The Virginia data play a disturbing role in 

many of the type 1 rates. They have a low 

total-to-fatal ratio, with the consequently 

high adjustment factor of 4.59. Yet this 

adjustment factor seems excessive, for the 

adjusted accident rates are usually much 

higher for Virginia than for the other 

States. For example, on four-lane undi- 

vided tangents carrying between 5,000 and 

9,900 vehicles per day, the adjusted acci- 

dent rate for Virginia is 10.4 while it is 

only 3.7 for all the other States combined. 

Both rates are based on more than 200 

accidents. 

Figure 3D shows the same information 

for four-lane divided tangents without con- 

trolled access. The pattern is the same as 

before, with the accident rate going up as 

traffic volume increases. If there is any 

volume above which the accident rate begins 

to drop, it is beyond the range of these data, 

for which the maximum volume is 20,000 

vehicles per day. The type 1 rate is higher 

in the 10,000 to 14,900 group than in the 

15,000 to 19,900 group, but this is due to 

the peculiar effect of Virginia discussed 

previously. 
The accident rates for four-lane divided 

roads with controlled access are shown in 

figure 3E. The rates appear to be some- 

what lower for high volumes than for low 

volumes, but the appearance is misleading. 

The volumes under 5,000 come almost ex- 

elusively from Pennsylvania, while the vol- 

umes over 5,000 are all from Connecticut. 

- The comparison is not so much between low 

volumes and high volumes as between Penn- 

sylvania and Connecticut. Pennsylvania’s 

accident rate is higher than Connecticut’s, 

even though the average volumes are 4,000 

and 15,000 respectively. Examination of 

the trend within each State shows that in 

Pennsylvania, where the volumes range 

from 3,000 to 5,000 vehicles per day, the 

accident rate increases steadily with in- 

creasing volume, but it is hard to draw con- 

clusions from such a small range of vol- 

umes. In Connecticut the range is wide, 

and there is no significant trend. The evi- 

dence at hand does not indicate that traffic 

volume has any particular effect on the ac- 

cident rate on four-lane divided tangents 

with controlled access. 

Summary 

The foregoing material is summarized in 

table 6. In most cases the average daily 

traffic has a considerable effect on the acci- 

dent rate on tangent highway sections. 

The common pattern is for the accident 

rate to increase as the volume increases. 

At very high volumes the accident rate 

usually drops somewhat, probably because 

of congestion. 
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Accident rates (type 3) on two-lane tangents, by volume of traffic, frequency 
of curves, and length of tangent 

{rates are per milli on vehicle-miles} 

Number of accidents and accident rate when length of tangent is— 

| 

Number of curves Less than 1 mile tot tc 1.9 miles per mile 
2 to 2.9 miles 3 miles or more 

| 

/Number| Rate |Number| Rate 

i—- =. 
| 

Rate | Number | Rate | Number 
| | 

TraFric VOLUME 0 To 4,900 VEHICLES PER Day 

ess than, 0:5 see oe : | 64 
(015=0- 9130. yn es 279 
l= Te Oye ae ; 232 
2-2.9.. 2 51 

| 

197 
75 
4 

26 | 3 or more 95 

721 

| 

135 ry. | 

| 

437 
\ | 

5,000—9,900 VEHICLEX PER 

Less than 0.5 
O50. Oe cleats tonne 
l=1.9 6 ae See 
VEO TGS Veoh ad ARS te fae 
lO NOLS wets eter 

0 
119 

0 
0 

19 

138 

LRN Nok Wold ) 

135 
316 
75 
4 

73 Se wmowPphy QWwtwhr 

bo 

Table 12. Accident rates (type 3) on two-lane tangents, by volume of traflic, frequency 
of intersections, and frequency of structures 

{rates are per million vehicle-miles| 

Number cf accidents and accident rate when the number of structures 
per mile is— 

Number of intersections per mile ieaatthantone One? nore Total 

Nomber | Rate Number | Rate Number Rate 

Trarric VOLUME 0 To 4,900 VEHICLES PER Day 

| in 
MOT sig Nek: he OA Ans qe oa acetaeel yA Ouais a Mie TAR RG aS 357 1.8 19 9 376 | 1.8 
OG 1 Ta core eee Se ct cena eens Te 798 1.9 47 ies 845 | 1.8 
{esl 4 ee eer tees) TE ec ee aS _ 2,425 1.9 280 yaw 2 ,705 1.9 
PISO" cli ie AIRS NN A es a Ua RN ce SA 675 2.8 28 7.6 703 2.9 
ScorMiored heveyhhee Ome NS espe Ore 359 Qi 13 | 5.9 372 | 7 

LO Gaile ares eth Mate teca er aN A ca mtetne 4,614 0 387 2.2 ‘ 5 001 21 

5,000—9,800 VexHtcLus PER Day 

Tess than O'soee eee ee ec te tae ote 23 O.0N} 8d We 23 5.0 
O°5-0.0 See eee oe ee ee ek RD par 23 11.5, OF eee 23 | 11.5 
Gee oe eet os Wer As Bae, eee ars 382 £a3 | 87 4.0 469 42 
CP on: 18 a Aer, RO eee Oe Meee ame 553 3.5 48 20.0 601 3.8 
STOLANOLEd ee un he ne, eee rari ce aes aan 278 2.5 OR eee men ae} 278 | 2.6 

Totaly See Cie cae ce ee ieh San Ae ees ss coer 1 259 3.5 135 | 626) | 1 394 3.6 

ALL VOLUMES 

essthan O:peee tne, nets ee ee eae 380 1.9 19 1.9 399 1.9 
OB=OL Os ice Septet ras wee een aR 821 1.9 47 13 868 Leo 
RecttO ee ge ne cc NNN kc, ek So 2 ,835 it 367 2.5 3,202 2.1 
EIA Oth pg OG St SE OR RR ee Re ee oe 1 ,262 3.1 7 12.5 1 ,338 3.2 
SNOT: TNLOTG Settee xe Ne Pe oe pace aes MRA o cicenene wats 646 2.6 13 5.9 659 | 2.6 

Total gO. cocci yO se bed IGE sie 5.944 2.2 522 26] 6 466 | 2.3 

As between the different types of roads 

at the same volumes, the conclusions depend 

on which type of accident rate is examined. 

Judged by the type 1 rate, the safest roads 

at volumes below 10,000 vehicles per day 

are the four-lane divided roads without 

controlled access, followed closely by the 

two-lane roads; the four-lane undivided 

roads are the worst in this volume range. 

Above 10,000 vehicles per day }the four- 
| lane divided roads with controlled’access are 

far and away the safest, while the three- 

lane roads have much the highest accident 

rates. 

The type 3 rates show little difference be- 

tween road types for volumes under 5,000 
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Table 13.—Accident rates on two-lane tangents, by frequency of 
(including dwellings) roadside establishments 

[rates are per million vehicle-miles] 

Table 14.—Accident rates on two-lane tangents, by frequency of 
sight-distance restrictions 

[rates are per million vehicle-miles] 

Number of accidents and accident rate for— Number of accidents and accident rate for— 

Number of Type 1 accident rate | Type 2 accident rate | Type 3 accident rate Number of Type 1 accident rate | Type 2 accident rate , Type 3 accident rate 
establishments (all States, (selected States, (all States, restrictions (all States, (selected States, (all States, 

per mile adjusted) unadjusted) unadjusted) per mile adjusted) unadjusted) un adjusted) 

Number Rate Number Rate Number Rate Number Rate Number Number Rate 

MOAI, pers tee ay _ > 
PO=4:9)) Gi 650 4.3 220 5.3 650 1.8 3 472 1 ,833 3,472 

5.0=9;:93.0 5%. 2 ,131 3.4 904 2.6 2,132 1.8 588 1 ,061 

10.0-19.9..... 1 567 4.4 1 ,205 3.3 1 ,567 2.9 811 891 

20.0-49.9..... 1,770 3.5 1 6387 3.2 Mb 77a) 2.9 661 684 
50 or more.... 356 4.0 293 2.9 356 Sie 354 354 

OM oRM Aedes OM sptugers S Siete Oi I ccoorierteeoi 12 12 

vehicles per day, while the two-lane roads 

have the highest type 3 rate for volumes 

between 5,000 and 10,000. Above 10,000 the 

conclusion is the same as before: the three- 

lane roads are the most hazardous, while the 

controlled-access four-lane divided roads 

are the safest. 

The type 2 rates are still different. Below 

5,000 vehicles per day information is frag- 

mentary. Between 5,000 and 10,000, the 

three-lane roads are the worst, while the 

four-lane divided roads without controlled 

access are the safest of those for which the 

samples are adequate. Above 10,000 vehicles 

per day the conclusion is the same as for the 

types 1 and 8 rates. 

Two-Lane Tangents: Effects of 
Other Features 

Since traffic volume has a _ pronounced 

effect on the accident rates, it is desirable 

to group the roadway sections by volume 

before studying the effects of other factors. 

Alternatively, the volume itself can be made 

Table 15.—Accident rates (type 3) on 

one of the independent variables in a mul- 

tiple regression analysis, a procedure which 

separates the effects of different factors. 

Both approaches have been used. 

With grade and volume as independent 

variables, the multiple analysis corroborates 

the earlier conclusion that grade has no sta- 

tistically significant effect on the accident 

rate, while volume does. 

Pavement width, shoulder width, 

and traffic volume 

If the two-lane tangents are classified 

solely according to their pavement width— 

irrespective of traffic volume, shoulder 

width, or other factors—the results are as 

shown in table 7. The evidence is confus- 

ing. It is not even clear whether 24-foot 

pavements are safer than 20-foot pave- 

ments; the type 3 rate suggests that they 

are, while the types 1 and 2 rates indicate 

that they are not. Neither is it definitely 

established that very narrow pavements 

have the highest accident rates. The types 

two-lane tangents, by volume of traffic, 
percentage of commercial traffic, and percentage of night traffic 

[rates are per mill ion vehicle-miles]} 

| Number of accidents and accident rate when percentage of total traffic that is night traffic is— 

Commercia) traffic 
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(percent of total) 0 to 19 percent 20 to 29 percent 30 to 39 percent Total 
| = 

| Number Rate | Number Rate Number Rate Number Rate 
| | 

Trarric VOLUME 0 To 4,900 VEHICLES PER Day 

| 
OSGi. hee tees aes e 1 5.0 | O:9 | Reyer rreee 108 2.8 109 2.8 
10-14.9 786 3.04 281 BAL 503 2.7 1,570 2.7 
L5=19 OR RA see 249 Sel 564 156 470 255 1 ,283 2.1 
20-—24.9 8 ec? || 866 2.2 850 1.4 1 ,724 ride 
25 or more...... (Un ee creas at 221 aa 94 123 315 1.6 

Kota 1 044. Seil | 1 ,932 1.9 2 ,025 1:8 5,001 Pail 

5,000-9,900 VeaiIcLEs PER Day 

DeGON. tM oes; Ome eee | ERS Saeeiae | 68 2.5 68 2.5 
LO=L4D a FencevrcntrPaeocnns 3038 6.4 | 183 4.2 194 2.8 680 4.2 
L519 Ome ec Rete | 204 6.8 OT RRR Se enon 235 Dok: 439 3.8 
20-24: haere i Ost. eeeeeacr eek aa 3.5 | 111 2.3 183 2.7 
Qyrormoreses sees (all lesarrceceurwe once | 9 1.4.| 15 1 Wt ) 24 A. 

Total seal 507 6.5 | 264 3.8 623 2.6 1.394 3.6 

ALL VOLUMES 

i l | 
Q=9:90 Hoch ett oe 3 1 5.0 | 0) || Se 176 PA 177 2.7 
LOR TAAG Gc r else ater nok eh Blige 3.6 | 464 2.6 697 2.8 2 ,278 3.1 
T6=1919 5. 2 Oiat es oh é 453 4.7 564 1.6 739 2.6 1,756 2.4 
20-2420 2 Ler ane eee 8 143 938 2.3 970 1.5 1,916 wae 
ZOOL TNOUG, clases aue | (Oe ee ess F 230 ib ari 109 1.4 339 1.6 

POUL Ne ack era 1,579 3.8 2,196 2.0 2 ,691 2.0 6 .466 2.3 

1 and 8 rates indicate that they do, but 

the type 2 rate shows pavements of 16 feet | 

as having a lower accident rate than those 

of 24 feet. 

Similar information about the effect of 

shoulder width is presented in table 8. There 

is no indication that shoulder width, con- 

sidered alone, has any bearing on the acci- 

dent rates. 

With the roads grouped according to 

traffic volume in 5,000 vehicle-per-day in- 

tervals, a multiple analysis has been made 

in each group, using pavement width and 

shoulder width as the independent variables. 

The complete table is too complicated for 

inclusion here, but a condensed version is 

given in table 9. 

None of the effects is statistically signifi- 

cant. In neither the 0 to 4,900 volume group 

nor the 5,000 to 9,900 group is there a sta- 

tistically significant effect on either the 

type 1 or the type 38 accident rate due to 

(1) pavement width, for constant shoulder 

width; (2) shoulder width, for constant 

pavement width; or (3) pavement width and 

shoulder width acting together. (For (1) 

and (2) the statistical tests are t-tests of 

the partial regression coefficients. For (3) 

they are F’-tests of the multiple correlation 

coefficients. The two types of tests are 

equivalent when there is only one independ- 

ent variable.) The material in this study 

indicates that neither pavement width nor 

shoulder width nor any combination of them 

has a determinable effect on the accident 

rates on two-lane tangents. 

Frequency of curves 

In the belief that driver behavior and ac- 

cident experience might be affected by the 

frequencies of occurrence of curves, inter- 

sections, and other such features, the study 

routes have been divided into “frequency 

sections” averaging 10 to 15 miles in length. 

Every card contains all the frequency in- 

formation for the frequency section to which 

it belongs. 

Table 10 shows how the accident rates 

on two-lane tangents vary with the average 

number of curves per mile. As usual, the 

result depends on which figures are ex- 

amined. The only rates with a significant 

trend are the type 3 rates, which go up as 

the curves become more frequent. The 

types 1 and 2 rates suggest an opposite con- 
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‘ clusion, that the tangent sections inter- 

‘spersed with one or two curves per mile are 

safer than those in places where curves are 

quite rare. Either conclusion, once estab- 

f lished, has a plausible explanation, but the 

figures are confusing. Even the simple 

fact that all three types of rates have their 

highest values for curve frequencies of six 

_ or more curves per mile is not so simple as 

it seems, for the State which supplied all 
these sections, Oregon, has a still higher 

accident rate for frequencies between 4.0 

i and 4.9. 

“! 

number of shorter sections by the presence 

Table 11 gives a multiple breakdown of 

the type 3 accident rates by curve fre- 

quency, tangent length, and traffic volume. 

The length is that of the entire tangent, 

even though it may be broken up into a 

of minor intersections or structures. The 

multiple regression analysis corroborates 

_ the confusing conclusions from the analysis 

eae tee a 

of curve frequency alone. In the lowest 

volume group, the effect of adding curves 

is to reduce the type 1 accident rate and to 

increase the type 3 rate. There is no signifi- 

cant effect at higher volumes. 

The value of the multiple analysis be- 

comes apparent when we examine the effect 

of tangent length on the type 38 accident 

rates for volumes under 5,000 vehicles per 

day. The totals for all curve frequencies 

combined indicate a high positive correla- 

tion between accident rate and tangent 

length. Even when the detailed breakdown 

is used, the simple correlation with tangent 

length is still statistically significant. Yet 

it falsifies the truth. For there is a large 

negative correlation between tangent length 

and curve frequency—i.e., long tangents 

have a strong tendency to be associated with 

low curve frequencies. To determine the 

effect of different tangent lengths on roads 

having the same curve frequency we must 

use the partial correlation coefficient of 

accident rate with tangent length. This 

coefficient is not statistically significant for 

any volume group. 

-Frequency of other features 

A breakdown of accident rates according 

to structure frequency, intersection fre- 

quency, and traffic volume is given in table 

12. There are no statistically significant 

effects of structure frequency or intersec- 

tion frequency. However, there is some 

tendency for the type 3 rates to rise with 

increasing intersection frequency when the 

traffic volume is low, and to fall with in- 

creasing intersection frequency when the 

traffic volume is high. 

Table 13 shows the effect on the accident 

rates of the frequency of roadside establish- 

ments (including dwellings). The results 

are perplexing. Only the type 3 rate comes 

anywhere near showing a significant trend; 

these figures suggest that adding roadside 

establishments makes a road more hazard- 

ous. The type 2 rate, on the other hand, 

seems to indicate that the only roads that 

are particularly bad are those having less 
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Table 16.—Accident rates on curves, by degree of curvature and roadway type 

Curvature, in degrees 

{rates are per million vehicle-miles] 

: Accidents on four-lane roads 
Accidents on 

three-lane roads 
Accidents on 
two-lane roads 

Undivided Divided Controlled access 

Number} Rate | Number Rate | Number} Rate |Number| Rate Rate | Number 

Type 1 AcctpentT Rates (ALL STATES, ADJUSTED) 

Q=2:9:: So teal oo ee 
aii! eee Ocoee oo be 
6-919... 5 eee Cee 
10 or more 

504 : : 98 4.9 95 
596 ; : 90 8.4 65 
338 é 3 16 7.9 5 
354 : ; 3 5.8 12 

TyprE 2 STATES, WITHOUT ADJUSTMENT) 

340 : 43 F 33 
447 A 33 4 52 
287 : 10 2. 1 
281 : : 0 0 

s (ALL STATES, WITHOUT ADJUSTMENT) 

Table 

Location 

504 : : : 95 
596 ae : : 65 
338 : . : 5 
354 3. ; ‘ of 12 

17.—Accident rates on tangents and curves,’ by roadway type 

{rates are per million vehicle-miles] 

Accidents on four-lane roads 

Undivided 

Accidents on 
| three-lane rcads two-lane roads 

Divided Contrclled access 

| 
| 
| Accidents on 

| 

| 
| 

| 

| | 
|Number} Rate |Number| Rate | Number} Rate | Number} Rate 

AccIpENT Rates (ALL STaTEes, ADJUSTED) 

Tangents 
Curves 

1d 348 ; 982 
a "O10 177 | 

l L 

(ay, 
10. 

Typs 2 AccIDENT RATEs (SELECTED STATES, WITHOUT ADJUSTMENT) 

Tangents 4 259 ie 115 Bo ‘ 829 
1,355 5 | 1 2. 86 

Type 3 AccIDENT Rite HOUT ADJUSTMENT) 

Tangents 
Curves 

6 474 227 7, é 2. 982 
1.794 2.3 | 23s rp 177 

1 All volumes, grades, curvatures, etc. 

Table 18.—Accident rates on curves, by volume of traffic and roadway type 

{rates are per million vehicle-miles] 

| | 

| Accidents on Accidents on 
Accidents on four-lane roads 

two-lane roads | three-lane roads | | 
Average daily traffic | | Undivided Divided | Contrvlled access 

| ix | — el = ——— a = 

‘ | | 
|Number| Rate Number} Rate |Number| Rate |Number| Rate | Number} Rats 
| | | | 

Tyre 1 AcctpmenT Rates (ALL States, ADJUSTED) 

Q=4;9005 Fe eos eerie | 1 387 3.5 | 21 9.1 25 LACE 1 1p | 140 3.8 
5,000-9,900... . | 403 pO 18 1B US 96 7 Aa) 43 | 4.4 Ore 
10,000-14,900...... .| 4 0.6. On| 5 cane 69 Bae gile | pages t | 45 1.8 
15,000 or more. . ON aes 0 20 1.9 27 | 6.5 | 3 1.4 

Typr 2 AcctipenT Rates (SELECTED STATES, WITHOUT ADJUSTMENT) 

| | 

G2 1000 sen n 957 2.5 | 1 2.5 2 0.6 Opa, sb 140) 239 
5,000-9,000........ 394 27, Tg ee | 20 1.5 18 0.7 | O V6 4a, 
10,000—-14,900....... 4 0.6 | 0 . | 34 2.0 Pt 2.9. | 45 1.8 
15,000 or more... . (Oe ateoc areeperrardl| 0 Pa 20 1.8 Dy 5.9 | a il 8 

| | 

Type 3 AccipENT Rates (ALL STATES, WITHOUT ADJUSTMENT) 

O-4;900.. cp eke ees 1 387 2.3 | 21 2.6 | 25 ey 0.3 | 140 Teo: 
5,000—9.900......... 403 2.7 18 aieth | 96 2.3 43 1.4 O's eee 
10,000-14,900....... 4 0.6 OM a excess 69 2.4 117 2.9 45 | 1.8 
15,009 or more...... | -<beaa aoe GES. oa | 20 1.8 27 5.9 63,15 a lyd 
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Figure 5.—Accident rates on two-lane curves (all degrees), by volume of traffic. 

than one establishment per mile. The type 

1 rate is quite irregular. The effect on the 

accident rates of the frequency of roadside 

establishments has been studied in more 

detail by the States of Minnesota and Michi- 

gan. The Minnesota study is cited in foot- 

note 2 (p. 175). 

In studying the frequency of sight-dis- 

tance restrictions a restriction has been de- 

fined as a stretch of road where the sight 

distance is less than 600 feet in flat or roll- 

ing terrain, or less than 400 feet in moun- 

tainous terrain. The relation of accident 

rates to the frequency of sight restrictions 

is shown in table 14. The type 3 rates are the 

most meaningful. Their slope is statistically 

significant, with the accident rate rising as 

the restriction frequency increases from 

zero up to about three restrictions per mile. 

The types 1 and 2 rates have maxima when 

there are between one and two restrictions 

per mile; they drop steadily as the fre- 

quency of restrictions increases above this 

number. 

* Michigan study, Accident Experience in Relation 
to Road and Roadside Features (1952). 

Table 20.—Accident rates on two-lane curves, 
by volume of traffic and degree of curvature 

{rates are per million vehicle-miles} 

| Number cf accidents and accident 
| rate when traffic volume is— 

Curvature, 
tw degrees | 5,000 vehicles per 

day or more 
| 0 to 4,900 
| vehicles per day 

Number| Rate | Number Rate 

Typs 1 Acctpent Rates (ALL States, ADJUSTED) 

Oe 2Or tami - 395 PAM 111 rs | 
8.0-6.9 J 30... 423 a ane 173 3.4 
6.0 or more..... 569 4.4 123 | sel 

Type 2 Accipent Rates (SELECTED STATES, WITHOUT 
ADJUSTMENT) 

GEO Me Beate 231 1.8 109 2.0 
S0=6:9 2 2. aan: 278 23 169 Beil 
6.0 or more : 448 3.2 120 2.9 

Type 3 Acctipent Rates (ALL STATES, WITHOUT 
ADJUSTMENT) 

O=-2 Gin: sha ohio cc 395 | 16a] 111 1D 
S0=5:0.2% es oe oe 423 2.3 | 173 3.1 
6.0 or mcre..... 569 3.2 | 123 2.8 
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Commercial and night traffic ! 

Table 15 presents a three-way breakdown 

of the type 3 accident rates by traffic vol- 

ume, the percentage that is commercial 

traffic, and the percentage of the traffic that 

flows after dark. The multiple analysis in-| 

dicates that the accident rate is reduced 

as the percentage of night traffic increases, 

when the percentage of commercial traffic, 

remains the same; and that the accident. 

rate also falls off with increasing commer-| 

cial traffic when the night traffic is held 

fixed. 

In summary, of all the characteristics 

studied for their effects on the accident 

Both these effects were unexpected. | 

rate on two-lane tangents, traffic volume is 

Table 19.—State-by-State accident rates (type 1) on two-lane curves, by volume of traffic 

[rates are per million vehicle-miles] 

| Number of accidents, amount of travel, and accident rate when traffic volume is— 

0 to 4,900 vehicles per day &,000 to 9,900 vehicles per day 

| Number of 
accidents 

Travel, Accident Number of Travel, Accident 
in million 

vehicle-miles | ate (adjusted) (adjusted) 
accidents in million 

vehicle-miles 
rate 

Colorado 238 
Connecticut (1941) 269 
Connecticut (1946) 

12 
220 
69 

Georgia 

Louisiana... . 
Minnesota 
Nebraska... 

New Mexico.... 

Utah oe ecee 
Virginia 

Washingtcn....... 
Wisconsin 

106 
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Table 21.—Accident rates (type 3) on two-lane curves, by volume of traffic, degree of 
eurvature, and grade 

|rates are per million vehicle-miles] 

Curvature, in degrees 

Number of accidents and accident rate when giade is— 

Less than 3 percent 3 #.Betoens or more Total 

| 
Number { Rate Number Rate Number 

| 
= 

TrarFric VOLUME 0 ro 4,900 VEHICLES PER Day 

0-2.9..... 

20.0 1. A Vie oop, cess et eed ee oe 
10 or more..... 

317 | 
Siz! 
194 | 
155 

78 
106 
69 

150 

933 | 403 

5,000-9,900 VreuicLEes PER Day 

35 Omit aaa eee 

10 or more 

86 | 
LLY 
on | 

ALL VOLUMES 

405 | 

245 
182 wry G0 0100 bt 

434 | 

{ 

| | | | 
to oo 
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cident rates. 

traffic and night traffic are inconclusive. 

‘the only one whose effect is entirely clear. 

The effects of the frequencies of curves, in- 

tersections, roadside establishments, and 

“) sight restrictions are all uncertain, while 

grade, pavement width, shoulder width, tan- 

gent length, and frequency of structures do 

not have any independent effects on the ac- 

The effects of commercial 

Curves: Effects of Curvature 
and Volume 

Degree of curvature 

The type 8 accident rates on two-lane 

curves, by degree of curvature, are pre- 

sented in figure 4A (p. 174), and all three 

types of accident rates are given in table 

16. The relation is clearcut: the sharper 

the curve, the higher the accident rate. As 

a matter of fact, the slopes are highly signi- 

ficant for all three types of rate. In acci- 

dent-rate units per degree, the slopes are 

0.19 + 0.07 for the type 1 rate, 0.12 + 0.05 

for the type 2, and 0.16 + 0.05 for the type 

3. Thus, whichever type of accident rate is 

used, the number of accidents per million 

vehicle-miles increases by about 0.15 for 

each additional degree of curvature. 

For three-lane roads, too, there seems to 

be a steady increase in hazard with in- 

creasing curvature, though the data are 

somewhat sparse. Figure 4B shows the 

_ rates based on a total of 39 accidents. 

Figure 4C gives the corresponding in- 

formation for four-lane undivided curves. 

The type 3 rate has the same upward trend 

as on the two- and three-lane roads, al- 

though the slope is not statistically signifi- 

cant; the types 1 and 2 rates are more 

irregular. 

On four-lane divided roads the accident 

rate also increases as the curves become 

sharper. The rates are presented in figure 

—AD~ 

Figure 4E shows the relation of curva- 

ture to accident rate for four-lane divided 

roads with controlled access. As _ before, 

the trend is statistically significant, with the 

accident rates increasing by about 0.4 for 

each additional degree of curvature. 

In summary, there is a direct relation be- 

tween curvature and accident rate on all 

types of highways. Sharp curves have high 

accident rates, gradual curves have low ac- 

cident rates, in-between curves have in- 

between accident rates. 

Among different types of roads with the 

same degree of curvature, the data do not 

indicate any consistent relation. 

Table 17 compares tangents with curves 

on each type of roadway. (These rates are 

for all the tangent and curve sections in- 

cluded in the study, irrespective of other 

factors.) There is no clear superiority one 

way or the other. The type 3 rates, which 

are the most consistent, indicate that tan- 

gents and curves are equally safe on two- 

lane roads. Tangents are a little safer than 

curves on three-lane and controlled-access 

four-lane divided roads, while they are 

PUBLIC ROADS + Vol. 27, No. 8 

WIDTH OF BARS INDICATES RELATIVE 

VEHICLE-MILEAGE OF TRAVEL. 
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Figure 6.—Accident rates on two-lane curves (all degrees), by frequency of curves. 

somewhat more hazardous on the four-lane 

roads lacking control of access. None of 

these differences is large enough to warrant 

any strong conclusions. 

Effect of traffic volume 

Table 18 and figure 5 show how the acci- 

dent rate on two-lane curves varies with 

the average daily volume of traffic. The 

type 1 rate has a statistically significant 

tendency to become smaller as the traffic in- 

creases. The types 2 and 8 rates do not 

vary significantly but have a slight tendency 

to increase with increasing traffic. 

The decline shown by the type 1 rate was 

unexpected, but the conclusion which it sug- 

gests is almost certainly correct. Table 19 

gives a State-by-State breakdown of these 

rates. This table shows that every State 

having more than six accidents (actual, not 

adjusted) at volumes over 5,000 vehicles 

per day has a lower accident rate for these 

volumes than for volumes below 5,000. It 

has also been proved by multiple regression 

analysis that this decline is not a hidden 

effect of the degree of curvature. 

Why should the accident rate decline with 

increasing traffic on two-lane curves, when 

it goes the opposite way on two-lane tan- 

gents? Analysis of the types of collisions 

at different volumes indicates that the dis- 

tribution of accident types is practically 

identical for all volume groups. So one can 

only speculate. Perhaps the extra alertness 

required for driving on narrow curved roads 

in heavy traffic is what pulls the accident 

rate down, A similar decline in accident 

rate with increasing traffic volume is found 

at two-lane intersections, where the same 

alertness factor may be involved. It is not 

found at curves or intersections on wider 

roads. 

For three-lane curves the data are pretty 

meager (see table 18), but such evidence 

as there is points to a positive correlation 

between accident rate and traffic volume. 

On four-lane undivided curves each type 

of rate increases to a maximum and then 

falls off gradually as the traffic volume in- 

creases. The type 1 rate has its maximum 

between 5,000 and 10,000 vehicles per day, 

the type 2 has its maximum between 15,000 

and 20,000, the type 3 has its maximum be- 

tween 10,000 and 15,000. This is similar 

to the pattern for four-lane undivided tan- 

gents. 

Table 22.—Accident rates on two-lane curves, by degree of curvature and frequency of 
curves 

{rates are per million vehicle-miles] 

Number of accidents and accident rate when curvature is— 

Number of curves | 
per mile 0 to 2.9 degrees | 3 to 5.9 degrees 6 to 9.9 degrees 10 degrees or more 

| Number Rate | Number Rate Number Rate Number Rate 

Tyrer 1 Accipent Rates (ALL STaTEs, ADJUSTED) 
: 7 

0-092 xc deteireesss | 128 3.0 110 5.4 13 4.2 31 8.9 
LQ 20ers hae coe 178 273 163 3.7 96 4.5 53 4.2 
3:04 OF ee eee 125 2.1 223 2.9 170 3.3 139 4.3 
5:06:95 enh we teas 75 Ore 100 Se, 59 2.8 130 4.6 

Tyrer 2 AcciDENT Rates (SeLuctep Srarss, wirHour ADJUSTMENT) 

| 

O-O:9 Re ce ne eae 42 1263 47 3.2 2 iba 4 1.4 
TO=2i9 8 Piles, met ere ess | 105 1.4 97 Paaa| 65 2.9 30 256 
3.0-4:0 ae Nae 2 118 2.05} 203 2.5 161 Bue 117 3.3 
D026: Oras ona 75 Sl | 100 29 59 236 130 3.9 

Typs 3 Accrpent Rates (ALL SraTEs, WITHOUT ADJUSTMENT) 
: a3 _ 

O-0.9.40 nen ech 128 1.4 | 110 247 13 2 31 4.3 
uF 6 OS Jeers de ca een en ae 178 1.4 163 Zid 96 2.9 53 2.6 
6 DS Ie or eee 125 1.9 | 223 2.0 170 2.4 139 3.4 
B06: 9 atari ease rdsiapewenes 75 Sina 100 2.9 59 2.6 130 3.9 
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Table 23.—Accident rates (type 3) on two-lane curves, by volume of traffic, frequency of 
curves, and frequency of sight-distance restrictions 

[rates are per million vehicle-miles} 

Number of accidents and accident rate when number of restrictions per mile is— 

Number of curves 
per mile 1 to 1.9 Less than 1 | 2 to 2.9 3 or more Total 

Number} Rate | Number 
| 

Rate | Number Rate | Number} Rate |Number| Rate 

TRAFFIC VOLUME 0 To 4.900 VEHICLES PER Day 

Less than 0.5....... 
0.6=0:9.5 oes ree 
TL O Peet 

Less than 0.5....... 
0:5=0/9 ic, ciavare = stones 
JL Oe eka 2 ee 
a2 Os Fag tet erie nae 
3 or more mrwnwwre 

Total bo 

’OLUMES 

The accident rates on four-lane divided 

curves show a persistent increase with traf- 

fic volume. The information is on the 

skimpy side, but the trend seems definite. 

The types 2 and 8 rates have statistically 

significant slopes, with the accident rate in- 

creasing by about 0.3 for each additional 

1,000 vehicles per day. 

For the four-lane divided curves with con- 

trolled access, the situation is similar to that 

of the four-lane divided tangents with con- 

trolled access. The apparent decline in the 

accident rate with increasing volume is 

mainly due to the difference between Penn- 

sylvania and Connecticut. As in the earlier 

case, the high volumes are all from Connecti- 

cut, while practically all of the traffic be- 

low 5,000 vehicles per day is from Penn- 

sylvania. 

In summary, on all but the two-lane roads, 

the accident rate on curves varies with vol- 

ume in much the same way as on tangents. 

The general tendency is for higher-than- 

average volumes to cause higher-than-aver- 

age accident rates, with some decline in the 

accident rate at extremely high volumes. 

The two-lane curves are different. They 

show a negative correlation between acci- 

dent rate and traffic volume throughout the 

volume range. This is thought to be due 

to the greater care with which people drive 

under obviously dangerous conditions. 

Two-Lane Curves: Effects of 
Other Features 

Degree, grade, and volume 

There are two basically different ways in 

which curvature and volume together might 

affect the accident rates. Even if the effects 
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were really independent, there might be 

intercorrelation between the two factors— 

i.e., a tendency for the roads having higher- 

than-average curvature to have either 

higher-than-average or lower-than-average 

volume—so that an effect of curvature 

might appear to be an effect of volume, or 

Table 24. 

vice versa. Multiple regression analysis| 

separates the effects and assigns each to its, 
proper cause. P| 

Or there could be interaction between th 

two factors—the kind of situation in which. 

the effect of volume at low degrees of curva-| 

ture is different from its effect at high de- 

grees, and the effect of curvature at low! 

volumes is different from that at high vol-| 

umes. 

Both of these possibilities were investi- | 
f gated. The intercorrelation between de- 

gree of curvature and volume is negligible, | 

and the partial correlations between the’ 

type 1 accident rate and each of the two | 

factors are both statistically significant, | 

with the same signs as the simple correla- 

tions. 

curvature the average effect of increased 

volume is to reduce the accident rate by a | 

significant amount, and for roads carrying | 

the same volume the average effect of in- 

creased curvature is to increase the acci- 

dent rate by a significant amount. 

The interaction between curvature and 

volume can be tested by making a two-way 

classification of the highway sections by both 

curvature and volume. This is done in table 

20. The type 1 rate shows no particular in- 

teraction, since it drops with increasing 

volume in each curvature group. The types 

2 and 3 rates do show interaction, and it is 

exactly the sort one would expect. At low 

degrees of curvature—i.e., on the curves 

which are most like tangents—the hazard 

increases with volume, just as on the tan- 

gent sections. On curves sharper than 6 

Accident rates (type 3) on two-lane curves, by volume of traffic, pavement 
width, and shoulder width 

[rates are per million vehicle-miles| 

Number of accidents and accident rate when shoulder width is— 

Pavement width, 
in feet Less than 5 feet 5 to 7.9 feet 8 to 9.9 feet 10 feet or more Total 

Rate | Number 

| 
Number} Rate Number| Rate Number Rate | Number| Rate 

Trarric VOLUME 0 To 4,900 VEHICLES PER Day 

RPNNWhr Wawona 

5,000—-9,900 VmxHIcLES PER Day 

|) ee OMe 

O | COwWRIWN 

ALL VoLUMsS 

RPNoNwne 25 OT’ Mores. sre Et SOR WS el 

Total bo wo | CaHinwm iw) 
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Ni degrees it is the other way around; here 

. the accident rate is lower when there is 
- more traffic volume. 

ba Another way of looking at this interaction 

‘| is in terms of the effect of changing the 

’ eurvature at different fixed volume levels. 

| This effect is the same for all three types 

of rates. At volumes below 5,000 vehicles 

per day, the accident rate rises steadily 

with increasing curvature. At volumes over 

5,000 the accident rate is lower on sharp 
® curves than on moderate curves. 

ie These facts strengthen the belief that 

t traffic volume affects the accident rate dif- 

 ferently on two-lane curves from the way 
| it does on two-lane tangents. 
at Table 21 gives the type 3 accident rates 

t by degree of curvature and percentage of 

{ grade for two-lane curves carrying various 

ranges of traffic volume. At low volumes 

the accident rate goes up with increasing 

* curvature, while the effect of grade is not 

- statistically significant. At higher volumes 

it is not the curvature but the grade that 

| matters; steeper grades make the accident 

» yates larger. This peculiar pattern occurs 

' with both the type 1 and the type 3 rates 

' (the type 2 rates were not computed). In 

the 0 to 4,900 volume group the partial cor- 

relation with curvature is the only signifi- 

cant one, while in the 5,000 to 9,900 volume 

-_ 

er 

group the partial correlation with grade is 

the only significant one. 

Curve frequency and other items 

Figure 6 shows the accident rates on two- 

lane curves (of all degrees) as a function 

of curve frequency. The type 1 rate is 

highest when curves are very rare, suggest- 

ing that a curve is most hazardous when it 

is unexpected. The types 2 and 8 accident 

rates have their high values when there 

are more than five curves per mile. 

Table 22 separates the figures into several 

Table 25.—Accident rates (type 3) on two-lane curves, by volume of traflic, percentage of 
commercial traffic, and percentage of night traffic 

|rates are per million vehicle-miles| 

Commercial traffic 

Number of accidents and accident rate when percentage of total traffic that is night traffic is— 

(percent of total) 0 to 19 percent 20 to 29 percent 30 to 39 percent Total 

Number Rate Number Rate Number Rate Number Rate 

Trarric VOLUME 0 To 4,900 VEHICLES PER Day 

O~Ol9 Hee. coche Oiineeee ee ae QialSbeanttenves + 83 3.0 83 3.0 
LO=14:.0 eae eee 297 3.1 79 2.3 188 2.6 564 2.8 
L5—19 Ose ces ak 42 2.9 138 19 198 2.5 378 2.2 
2024 ORs ore 1 10 105 1.5 164 Ate) 270 1.5 
DOLOTA MONS cera ieee On ipa eteter ey ee 71 2.9 21 2.0 92 2.6 

BNR Ss . So omnes 340 | 3.0 393 1.9 | 654 2 1 387 es 

5,000-9,900 VreHICLES PER Day 

0-99 tate eames OM Bis eaten eos Olaheven ceo 38 3.0 38 3.0 
1LO=14.9.52 Reese ee 88 | 3:7 11 1.5 92 2.4 191 2.7 
16-19:9 Fe boys ance 18 | 3,0 OMRSSS grote 64 2.1 82 Dea 
20-24. Derr vses = cette | OV MesSrs tars 3 2.5 33 2.9 86 2.9 
20) OL; MOLE Ase as ete tl O Werenietazre 2 = 5 2.9 OR eta sities 5 2.9 

"Potale wee.5 see | 106 | 3.6 | 19 1.8 277 2.5 402 2.7 
| 

ALL VOLUMES 

0-09.90 Baie. cas, ON. sien es Ore. ee as 121 3.0 121 3.0 
VOST4:0 2 Fee ee 385 | 3.2 90 2.2 280 2.5 755 Dera 
LEO OR a eRe. 60) 3nLky 138 1.8 264 2.3 462 22 
2024.9 a ae eee ae 1.0 | 108 1.5 249 19, 358 ibe 
DOV OLMIOLG nny avant ne OS frame teverees 76 2.9 21 2.0 97 2.8 

Total teaccaeee | 412 1.9 935 2.3 1.793 2.3 

ranges of curvature. At first glance the of curvature, as before, is positively cor- 

most prominent feature of this table is that 

the types 1 and 3 accident rates have their 

greatest values for the highest curvature 

and the lowest frequency. But closer study 

of the supporting facts shows that this is 

due to five curves in Iowa which contribute 

11 out of the 381 accidents in this group. 

The other 20 accidents in the group occurred 

at rates similar to those for other curvatures 

and frequencies. 

The table does not suggest any general 

conclusions about the effect of curve fre- 

quency on the accident rates. The degree 

related with the accident rates. 

Table 23 gives the accident rates on two- 

lane curves by curve frequency and sight- 

restriction frequency for various volume 

groups. There is a high intercorrelation 

between the two frequencies, so that while 

high values of both frequencies cause higher 

accident rates than low values of both fre- 

quencies, it is impossible to tell which of 

the two frequencies is responsible. (In sta- 

tistician’s language, the multiple correla- 

tion is statistically significant, but the par- 

tial correlations are not.) 

Table 26.—Accident rates at intersections at grade* on two- and three-lane roads, by total volume of traffic and percentage of cross traffic 

{rates are per 10 million vehicles] 

Accidents on twc-lane roads Accidents on three-lane roads 

Cross traffic (percent of tctal) 0 to 4,900 5,000 to 9,900 10,000 or more 0 to 4,900 5,000 to 9,900 10,000 cr more 
vehicles per day vehicles per day vehicles per day vehicles per day vehicles per day vehicles per day 

Number Rate Number Rate | Number Rate Number Rate Number Rate Number Rate 
} 

Type 1 Accrpent Rates (ALL States, ADJUSTED) 

Oe Oe ee cere ie etitincce octet | 678 3.6 229 9) 2 9 0.9 17 4.1 25 9.6 24 34.4 
O10 Saeree emcee nts. te ae ag 116 ila 333 56 6.3 Onl ee. OLlGR rere. Quiltareaceaee tee Oy tek Beaters. 
ZOLORINOL Cutter teks ie etc cos 162 9.2 118 8.7 3 1.9 Oa uta ee 30 40.8 Oat eae ere ae 

fs | 

Type 2 AcciIpENT RatTEs (SELECTED STATES, WITHOUT ADJUSTMENT) 

OE Ors otters hin Sak sch Marble: « 363 220 213 1e8 | 9 0.8 2 3.3 6 Dik 24 26.7 
ON ON tee h Sienccewaie 25 othe cere si 63 #f gilt 54 5.5 LOR bebe Bauer One tnerece ooh ue Uh tes rity cece QU [Retend 8s Ye <c> amy ees 
OLOT ANOLE mae riee ae tk came > 118 6.9 117 Sale 3 19" On| SR ee ee 30 25.0 OW pherscnresesc saree 

| | 

Typxr 3 AccipENT RatEs (ALL STATES, WITHOUT ADJUSTMENT) 

[GO RE ae LEA can eee ee 678 2.0 229 Les 9 0.8 1 1 ott 25 320 | 24 26.7 
iM Css ee ae SR eke te 2 Sener eee 116 6.0 56 558 OE Mee ee a CON ishine ee aes Oy etry seers Ginlate arch oleae 
OLOr NOTe AW. ccc Aime bo oes 162 6.5 118 7.5 3 Wee) | Oieiie ey ts & 30 25.0 Ouilvaaateyee, kt ce 

' Excluding rotary intersections. 

PUBLIC ROADS « Vol. 27, No. 8 183 



Table 27.—Accident rates at intersections at grade! on four-lane roads, by total volume of traffic and percentage of cross traffic 

rates ave per 10 million vehicles| 

Accidents on undivided roads Accidents on divided roads 2 

0 to 4,900 
vehicles per day 

Cross traffic (percent of total) 0 to 4,900 
vehicles per day 

10,000 or more 
vehicles per day 

5,000 to 9,900 
vehicles per day 

10,000 or more 
vehicles per day 

5,000 to 9,900 
vehicles per day 

| Number Rate Number Rate ; Number Rate Number Rate Number Rate Number Rate 

Typp 1 AcctipenT Rares (ALL Srares, ADJUSTED) 

ORD rane : 33 8. 

10-19 : 15 22 
20 or mere OUR So aycieees nae 

184 ono 302 4.6 15 
22 48.7 123 32.3 7 
34 56.7 236 42.2 0 

} 

3.6 131 5.4 309 7.8 
17.5 25 10.8 130 28.3 

Cigielocatenasans 13 13.6 97 22.4 

Type 2 AccIDENT Rarbs (SELECTED STATES, WITHOUT ADJUSTMENT) 

QOL arto uke sear era bee 13 4.6 
LOA] OP eecen eters a a ee met : 14 28.0 
20 or more eA eee t Oh. Wisronutcwteveueus G 

_ 

62 3.8 255 3.1 15 | 
8 8.0 123 28.6 ra 

15 21.4 227 36.0 0 

3.3 91 3.4 238 4.5 
17.5 25 11.4 130 24.5 

BG oti kc 13 11.8 97 19.4 

Type 3 AccipentT Rates (ALL STATES, WITHOUT ADJUSTMENT) 

1 })}xeluding rotary intersections. 

Since the preceding section seemed to in- 

dicate that curve frequency did not have any 

consistent effect, it can only be concluded 

that the effect of curve frequency is not 

very clear. 

A breakdown of the effects of pavement 

width, shoulder width, and traffic volume is 

given in table 24. On two-lane curves the 

effect of pavement width is too irregular to 

be statistically significant, but 24-foot wide 

sections are consistently safer than 20-foot 

sections. The partial correlation with 

shoulder width is significant; the accident 

rate goes down by about 0.15, on the aver- 

age, for each additional foot of shoulder. 

ee Se ae der eeera Tice eres | 33 3.4 
LOS1hG Sead os ie en sti 15 21.4 
ZO‘ OLIMO LE esr eer ee OTS snes OSM Piucircsteraet 

184 3.5 302 3.0 
22 14.7 123 28.6 
34 TES) 236 35.2 

2 Excluding those with controlled access. 

These results differ from the situation on 

two-lane tangents, where neither pavement 

width nor shoulder width has a consistent 

effect on the accident rate. 

Table 25 shows the effects, on two-lane 

curves, of commercial traffic and night traf- 

fic. Neither effect is statistically signifi- 

cant. 

In summary, the effect of volume in reduc- 

ing the accident rate on two-lane curves 

seems to be stronger for sharp curves than 

for flat curves. This is logical, for one 

would expect flat curves to be intermediate, 

in their accident potential, between sharp 

curves and tangents. 

The frequency of curves does not appear 

to have any consistent effect on the accident 

rate, even when the curves are subdivided 

by degree of curvature. The frequency of 

sight restrictions has a similarly uncertain 

effect. 

Wide shoulders definitely help to reduce 

the accident rate on two-lane curves, and 

24-foot pavements are consistently safer 

than 20-foot pavements. This is in contrast 

to the situation on two-lane tangents, where 

shoulder width has no particular effect. 

The effect of grade is peculiar. At low 

traffic volumes there is no particular effect, 

but on roads carrying more than 5,000 ve- 

Table 28—Aecident rates (type 3) at intersections at grade’ on two-lane roads, by total volume of traffic, percentage of cross traffic, type 
of intersection, and percentage of night traffic 

{rates are per 10 million vehicles| 

Number of accidents and accident rate when percentage of total traffic that is cross traffic is— 
——— 

0 to 9 percent 10 percent or more 

Night traffic (percent of total) 
Three-way Four-way Total Three-way Four-way Total 
intersection intersection intersection intersection 

Number Rate Number Rate Number Rate | Number Rate Number Rate Number Rate 

Trarric VOLUME 0 To 4,900 VEHICLES PER Day 

LO EO Reeth etre Aine crete Sete ees 83 2.9 48 5.0 131 3.4 18 15.0 30 231 48 19.2 
QOH 20s uses sanbtuagoneyslstede Slee, Orta. oe 143 2.0 185 3.9 328 2.8 58 5.4 67 7.1 125 6.2 
CUES Acetone eat Sana, einer Stmme tat 112 0.9 107 1.8 219 oles | 53 4.5 52 5.3 105 4.9 

Tho tel eae ances Aceon 338 1.5 340 2.9 678 2.0 | 129 5.4 | 149 7.2 278 6.3 

5,000-9,900 VexHiIcLEes PER Day 

LOA19 oie pate ct eee nore eeriete as 33 39 5.2 72 Said 43 13.4 | 18 13.8 61 13.6 
DO ZO eee dee rec eer eras 35 19 5.0 54 3.8 | 9 11.2 | 23 14.4 32 13.3 
80389) oe eeemncetreloes ean he 69 31 2.2 100 Li 58 4.3 | 37 (jal 95 4.8 

$$$ i = 

AT Gta las eee, eee ees tae 137 89 3.5 226 1.8 | 110 6.3 | 78 Sind 188 

ALL VOLUMES 

LOL errocesetew a ec Renee: 118 89 207 61 
20H 29), tel hare, cnt Oca wader terest 178 204 382 67 
2039 ieee, Bes, Fotis eee 186 138 324 112 

me | Onn m | ONO wlero o| cor = m bo wo] Hon 913 

' Excluding rotary intersections, interchanges at grade separations, and intersections with more than four approaches. 
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jhicles per day the accident rates are higher 

on roads with steep grades. 

Finally, the percentages of commercial 

and night traffic have no recognizable effect 

on the accident rates on two-lane curves. 

Intersections 

The accident rates at intersections are 

computed somewhat differently than on tan- 

gents and curves, since the length of an in- 

'tersection is not particularly relevant to 

its accident potential. The base which has 

| been used instead of vehicle-mileage is the 

total number of vehicles using the inter- 

section. To keep the numbers at a manage- 

able size, the accident rates have been ex- 

pressed in terms of the number of accidents 

per 10 million vehicles. The only intersec- 

tions analyzed have been intersections at 

grade, excluding rotaries, and the number 

of lanes at the intersections are those along 

the roads included in the study, irrespective 

of the number of lanes on the side or cross 

road. By volume is meant the total number 

of vehicles entering the intersection from 

all approaches; the percentage of cross traf- 

fic is the percentage of this total volume 

‘which enters the intersection from roads 

other than the study route. 

Table 26 presents the accident rates for 

two-lane roads at these intersections, for 

| various traffic volumes and percentages of 

The percentage of cross traf- 

At every vol- 

cross traffic. 

fic is of crucial importance. 

Table 29.—Accident rates (type 3) at inter- 
sections at grade’ on two-lane roads by total 
volume of traffic, percentage of cross traffic, 

and percentage of commercial traffic 

{rates are per i0 million vehicles) 

Number of accidents and accident 
rate when percentage of total traffic 

that is cross traffic is— 

Commercial traffic 
(percent of total) | 10 percent cr 0 to 9 percent 

more 

Number| Rate |Number; Rate 

Trarric VOLUME 0 To 4,900 VEHICLES PER Day 

B= 9. Oe eit ene 2 | 11 : 8 
TO=1429 5c. ces ot 208 E 88 
L519. 0), Seren cones 174 , 121 
20-24: Oeste 215 8 | 57 
25 or more 80 : 16 

obser 688 

= 9.9 crak oerapscet 
O14. 9 aretusrevere 
15-19: Oya: 3 ashe 
20-24.9...35...- 
25 or more 

ive) 
1O=14.9 ei 5 teks 340 
15—19:9 595 eycire oe 244 
D024 Oe ras 236 
25 or more 88 

‘Totalie-cec. 925 

1 Excluding rotary intersections. 
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Figure 7.—Accident rates at intersections (all roadway types), by total volume and 
percentage of cross traffic. 

ume level where there is an adequate sam- 

ple, the accident rate is more than twice 

as high when the cross traffic exceeds 10 per- 

cent of the total as when the cross traffic 

Table 30. 

is less than 10 percent. Additional increases 

in cross traffic to 20 percent or more do not 

cause appreciable further increases in the 

accident rates. 

Accident rates at structures on two-lane roads with approach pavements 
less than 30 feet wide, by relative width of structure roadway and adjoining pavement 

[rates are per 10 million vehicles] 

Relative width 

Number of accidents and accident rate at— 

Underpasses Bridges and overpasses 

| 
| 

Number Rate Number Rate 

Type 1 AcctipENT Rates (ALL STATES, ADJUSTED) 

Structure narrower by more than 1 foot 
Structure from 1 foot narrower to 1 foot wider 
Structure wider by: 

21 
56 

81 
87 
17 
4 

14 
4 

10 

oo to 

OQponwwnr 

Tyrpr 2 AccipENT Rates (SELECTED STATES, WITHOUT ADJUSTMENT) 

Structure narrower by more than 1 foot 
Structure from 1 foot narrower to 1 foot wider 
Structure wider by: 

15 
28 NO 

UENO DD CO OX _ 

Tyrer 3 AccipDENT Rates (ALL STATES, WITHOUT ADJUSTMENT) 

Structure narrower by more than 1 foot 
Structure from 1 foot narrower to 1 foot wider 
Structure wider by: 

21 
56 

81 
87 
17 
4 

14 
4 

10 

No 

WOoOwooangm HE RANwWHO Ox 



The effect of traffic volume on the acci- 

dent rate is worth noting. Increased vol- 

ume reduces the accident rate in most cases. 

This is the same effect that was noted for 

two-lane curves. The two effects may pos- 

sibly be related, since neither of them oc- 

curs on roads of more than two lanes. 

Table 26 also gives the same information 

for three-lane roads. The information is 

meager, but the intersections having less 

than 10 percent cross traffic appear to be 

much safer than the others. High volumes 

are associated with high accident rates. 

As with the other roadway types, cross 

traffic between 10 and 19 percent makes an 

intersection on a four-lane undivided road 

much more dangerous than if the cross traf- 

fic is below 10 percent. Further increases 

in cross traffic are less important. The 

total traffic volume has no consistent effect 

(see table 27). 

On four-lane divided roads without con- 

trolled access, the conclusion about cross 

traffic is again the same. High volume ap- 

pears to increase the hazard somewhat. 

Figure 7 presents the accident rates at 

intersections for all types of roadways com- 

bined. The bars in the chart are of uni- 

form width. In all three volume groups, 

more than 85 percent of the exposure was 

at intersections with less than 10 percent 

eross traffic. The evidence is overwhelm- 

ing that cross traffic in excess of 10 percent 

of the total traffic makes an intersection 

very much more dangerous than if the cross 

traffic is less than 10 percent. 

When all road types are combined, it ap- 

pears that the accident rate goes up with 

increases in the total volume. But the exact 

opposite is the case for intersections on 

two-lane roads. 

Three-way intersections are much safer 

than four-way intersections on two-lane 

roads, according to table 28. The angle at 

which the roads intersect (whether T yr Y) 

does not make any appreciable difference. 

An increase in the percentage of night traf- 

fic reduces the accident rate, as with two- 

lane tangents. 

A breakdown of the effect of commercial 

traffic, cross traffic, and volume at two-lane 

intersections is given in table 29. There is 

some tendency for the accident rate to in- 

crease with increasing commercial traffic, 

but it is not statistically significant. 

In summary, the percentage of cross traf- 

fic at an intersection is important, and so is 

the number of approaches to the intersec- 

tion. Night traffic reduces the accident 

rate, while the effect of commercial traffic 

is not clear. 

It would be of interest to know how the 

accident rate is affected by the type of traf- 

fic control—stop signs, traffic signals, etc. 

The question cannot be answered from the 

data in the present study, because there is 

too little variety in traffic control at the in- 

tersections on the study routes. 

Structures 

Structpres have been classified according 

to the relative width of the roadway at the 

structure—on the bridge or in the underpass 

—as compared with the adjoining pavement. 

Table 30 presents the accident rates on this 

basis. The table is restricted to two-lane 

roads with pavements less than 30 feet wide. 

Extra width in relation to the approach 

pavement definitely reduces the accident 

hazard on bridges. Table 31 shows that for 

bridges having the same relative roadway 

width, the actual width of the bridge pave- 

ment also contributes to the safety of the 

bridge. 

There were not enough underpasses in 

the study to warrant any conclusions about 

the effect of roadway width in them. Such 

evidence as there is, based on a total of 28 

accidents, indicates that underpasses are 

considerably more dangerous than over- 

passes, even though the average extra width 

of the underpasses in this study is about 2 

feet more than that of the bridges. 

Conclusions 

The conclusions fall under two headings: 

(1) a brief summary of the findings, (2) a 

critique of the study itself. The latter is 

as important as the former in guiding 

future research into the cause of accidents. 

A summary of the findings was given 

near the beginning of this report and will 

not be repeated here. A number of signifi- 

cant relations were discovered, while others 

Table 31.—Accident rates (type 3) at bridges and overpasses on two-lane roads less than 30 
feet wide, by relative width of bridge roadway and adjoining pavement, and actual width of 

bridge roadway 

{rates are per 10 million vehicles] 

Number of accidents and accident rate when width of roadway on bridge is— 

that had been expected to be clear-cut did 
not turn out as expected. 

At the beginning of the analysis, the 

question was raised as to which type of 

accident rate would prove most reliable of 

the three types used: (1) adjusted accidents 

(based on total-to-fatal ratio), all States; 

(2) actual accidents, selected States (se- 

lected for their presumed completeness of 

reporting) ; (3) actual accidents, all States. 

The type 3 rate makes the best showing. 

Of the first 32 analyses to be made (e.g., 

two-lane tangents by grade, two-lane tan- 

gents by volume, etc.), the type 3 rate be- 

haves credibly in 30 of them and is not seri- 

ously misleading in any, though it fails to 

bring out the effect of traffic volume on two- 

lane curves. The type 1 rate, in contrast, 

is reasonable in only 25 of the analyses, and 

in 2 cases gives results which are significant 

by statistical tests and yet are seriously mis- 

leading. The type 2 rate is misleading in 

only 1 case, but there are 9 cases in which 

it is excessively irregular or else contains 

too little data to give useful results. It 

would seem that, with the present data at 

least, one can probably do no better than 

simply to use all the reported accidents at 

face value. 

The most striking feature of the study is 

the amount of irregularity in most of the 

results. Few of the data which have been 

presented in tables and graphs can be fitted 

by really smooth curves. There is con- 

siderable scatter about the overall trends, 

and it is likely that some subtle relations 

are masked by these irregularities. 

The fluctuations are much larger than 

one would expect from considerations of the 

theory of sampling. They may be due, in 

part, to errors in the data, such as the 

failure of the original accident reports to 

specify the accident locations with sufficient 

accuracy. 

But their principal cause is probably the 

tremendous complexity of the problem itself. 

Accidents are associated with so many fac- 

tors, in such a multitude of combinations, 

that one has to resort to drastic oversimpli- 

fications in order to make any kind of order 

out of a chaotic mass of material. The re- 

markable thing is not the irregularities in 

the tabulations but the number of useful 

conclusions which do emerge. Most of these 

conclusions were suspected before the pres- 

ent study was begun, but the statistical 

analyses give them a broader foundation in 

hard facts than they ever had before. 

Relative width | Less than 20 feet | 20 to 24 feet 25 to 29 feet 30 to 34 feet | 35 feet or more However, the foundation is not as broad 
| = as it ought to be. Too many of the States 

|Number} Rate |Number| Rate |Number| Rate |Number| Rate |Number| Rate were unable to provide information of suf- 

mice) i | ed ficient accuracy and detail for use in this 

ee HEC 17 8.1 4 2.5 Oo) oars Oe 7 eee keg study. While there has been some improve- 
From 1 foot narrower i j i i , 

to 1 foot wider.... 28 bu6 27 Oh tf uf 0.9 O: Viewarepives 0 en co peu ue this regard SURES 1941, the situa 
Bridge wider by: tion is still far from satisfactory. If fur- 

11-8,0 f6d.m. 01.4. 5 25.0 76 4.0 OB aoe peer Os aed Oars : : , 
SO cau 2| 20.0 76 Bit 7 2.6 2 4.0 Ol eies ther progress is to be made in understanding 

Morethan? fess] = Of} ToL.) g]) Bad] 7:2] ad | vote] the causes of accidents, many of our States 
Totaees tutus | 52 7.2 196 ea 14 0.4 18 0.8 14 0.9 Ae SNE: uo ae LENA a be keel 

in the quality of their accident reporting. 

186 June 1953 ¢ PUBLIC ROADS 



A complete list of the publications of the 

Bureau of Public Roads, classified according 

to subject and including the more important 

articles in PUBLIC ROADS, may be obtained 

upon request addressed to Bureau of Public 

Roads, Washington 25, D. C. 

The following publications are sold by the Superintendent 

of Documents, Government Printing Office, Washington 25, 

D. C. Orders should be sent direct to the Superintendent of 

Documents. Prepayment is required. 

ANNUAL REPORTS 

Work of the Public Roads Administration: 

1941, 15 cents. 1946, 20 cents. 1948, 20 cents. 
1942, 10 cents. 1947, 20 cents. 1949, 25 cents. 

Public Roads Administration Annual Reports: 

1948; 1944; 1945. (Free from Bureau oj Public Roads) 

Annual Reports of the Bureau of Public Roads: 

1950, 25 cents. 1951, 35 cents. 1952, 25 cents. 

HOUSE DOCUMENT NO. 462 

Purt 1—Nonuniformity of State Motor-Vehicle Traffic Laws. 

15 cents. 

Pait 2.—Skilled Investigation at the Scene of the Accident 

Needed to Develop Causes. 10 cents. 

Part 3.—Inadequacy of State Motor-Vehicle Accident Report- 

ing. 10 cents. 

Part 4—Official Inspection of Vehicles. 10 cents. 

Part 5.—Case Histories of Fatal Highway Accidents. 10 cents. 

Part 6.—-The Accident-Prone Driver. 10 cents. 

UNIFORM VEHICLE CODE 

Act I.—Uniform Motor-Vehicle Administration, Registration, 

Certificate of Title, and Antitheft Act. 15 cents. 

Act II.—Uniform Motor-Vehicle Operators’ and Chauffeurs’ 

License Act. 15 cents. (revised 1952) 

Act III.—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 

Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 15 

cents. (revised 1952) 

Act V.—Uniform Act Regulating Traffic on Highways. 20 

cents. (revised 1952) 

Model Traffic Ordinance. 20 cents. (revised 1952) 

MAPS 

State Transportation Map series (available for 39 States). Uni- 

form sheets 26 by 36 inches, scale 1 inch equals 4 miles. Shows 

in colors Federal-aid and State highways with surface types, 

principal connecting roads, railroads, airports, waterways, 

National and State forests, parks, and other reservations. 

Prices and number of sheets for each State vary—see Super- 

intendent of Documents price list 53. 

United States System of Numbered Highways together with the 

Federal-Aid Highway System (also shows in color National 

forests, parks, and other reservations). 5 by 7 feet (in 2 

sheets), scale 1 inch equals 37 miles. $1.25. 

United States System of Numbered Highways. 28 by 42 inches, 

scale 1 inch equals 78 miles. 20 cents. 

PUBLICATIONS 
of the Bureau of Public Roads 

MISCELLANEOUS PUELICATIONS 

Bibliography of Highway Planning Reports. 30 cents. 

Construction of Private Driveways (No. 272MP). 10 cents. 

Electrical Equipment on Movable Bridges (No. 265T). 40 cents. 

Factual! Discussion of Motortruck Operation, Regulation, and 

Taxation. 30 cents. 

Federal Legislation and Regulations Relating to Highway Con- 

struction. 40 cents. 

Financing of Highways by Counties and Local Rural Govern- 

ments, 1931-41. 45 cents. 

Highway Accidents. 10 cents. 

Highway Bond Calculations. 10 cents. 

Highway Bridge Location (No. 1486D). 15 cents. 

Highway Capacity Manual. 65 cents. 

Highway Needs of the National Defense (House Document No. 

249). 50 cents. 

Highway Practice in the United States of America. 75 cents. 

Highway Statistics (annual) : 

1945, 85 cents. 1948, 65 cents. 1951, 60 cents. 

1946, 50 cents. 1949, 55 cents. 

1947, 45 cents. 1950, 60 cents. 

Highway Statistics, Summary to 1945. 40 cents. 

Highways in the United States (nontechnical). 15 cents. 

Highways of History. 25 cents. 

Identification of Rock Types. 10 cents. 

Interregional Highways (House Document No. 379). 75 cents. 

Legal Aspects of Controlling Highway Access. 15 cents. 

Local Rural Road Problem. 20 cents. 

Manual on Uniform Traffic Control Devices for Streets and 

Highways. 75 cents. 

Mathematical Theory of Vibration in Suspension Bridges. $1.25. 

Principles of Highway Construction as Applied to Airports, 

Flight Strips, and Other Landing Areas for Aircraft. $1.75. 

Public Control of Highway Access and Roadside Development. 

35 cents. 

Public Land Acquisition for Highway Purposes. 10 cents. 

Roadside Improvement (No. 191MP). 10 cents. 

Selected Bibliography on Highway Finance. 55 cents. 

Specifications for Construction of Roads and Bridges in Na- 

tional Forests and National Parks (FP-41). $1.50. 

Taxation of Motor Vehicles in 1932. 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces. 10 

cents. 

Transition Curves for Highways. $1.50. 

Single copies of the following publications are available to 
highway engineers and administrators for official use, and 
may be obtained by those so qualified upon request addressed 
to the Bureau of Public Roads. They are not sold by the 
Superintendent of Documents. 

Bibliography on Automobile Parking in the United States. 

Bibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Land Acquisition for Public Roads. 

Bibliography on Roadside Control. 

Express Highways in the United States: a Bibliography. 

Indexes to PUBLIC ROADS, volumes 17-19 and 23. 

Title Sheets for PUBLIC ROADS, volumes 24, 25, and 26. 



UNITED STATES 

GOVERNMENT PRINTING OFFICE 

DIVISION OF PUBLIC DOCUMENTS 

WASHINGTON 25, D. C. 

PENALTY FOR PRIVATE USE TO AVOID 

PAYMENT OF POSTAGE, $300 

(GPO) 

OFFICIAL fF USINESS 

If you do not desire to continue receiving 

this publication, please CHECK HERE |{ | 
tear off this label and return it to the above 

address. Your name will then be promptly 

removed from the appropriate mailing list. 

STATUS OF FEDERAL-AID HIGHWAY PROGRAM 
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PROGRAMMED ONLY 
PLANS APPROVED, 

CONSTRUCTION NOT STARTED 
CONSTRUCTION UNDER WAY 

Federal 
Funds 
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Cost 

Federal 
Funds 

| Miles 
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Cost 

Federal 
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9 48h 

$10, 333 
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4,357 
12,220 
analy 

f lowa 
Kansas 
Kentucky 
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13,766 
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41,62 

| 10,3904 

30,729 
19,237 
143,818 
25 ,009 
30,014 
2 

: 16,368 
11,500 
69,674 

12,873 
15,608 
13,860 

f Tennessee 
Texas 

5 Utah 4,713 

1,371 
6,634 
2,694 

41 
3671 7 
60, 342 
9,275 

8,564 
4,572 

16/260 
32,623 
7,036 

52,032 
84,412 
19,028 

2h, 310 
45 535 
1h bh3 

qH Vermont 
2 Virginia 

Washington 

2,728 
7,228 
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