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PREFACE

Significant information on the relation of speed and
characteristics of vehicles and drivers involved in accidents
on main rural highways is presented in this publication.
It is beliaved that the material presented here is the first
based on a nationwide study from which it has been possible
to develop an understanding of these relationships. The
study was confined to 2- and 4-lane main rural highways of
the nonfreeway type, and the findings are limited to these
types of main rural highways.

One of the important findings of this study is that the
greater the differential in speed of a driver and his vehicle
from the average speed of all traffic, the greater the chance
of that driver being involved in an accident. For example,
a driver traveling at 40 or 80 miles per hour in relation
to an average speed of 60 miles per hour for all traffic has
a substantially greater chance of being involved in an
accident than a driver traveling at the average speed. But,
if the average travel speed were only 40 miles per hour on a
section of highway, the possibility of & driver being in-
volved in an accident would be least at the average travel
speed of 40 miles per hour.

The research that provided the information for this
publication was conducted with the cooperation of the
States of Arizona, California, Connecticut, Iowa, Min-
nesota, Missouri, Montana, New Jersey, North Carolina,
Oregon, and Virginia. The personnel of the State highway
departments in the participating States cooperated in
obtaining and tabulating field data. Considerable help
was also provided by the motor vehicle and police depart-
ments in the participating States.

Many Bureau of Public Roads personnel made sub-
stantial contributions to the planning and conduct of the
study; particularly Edward H. Holmes, Charles W. Prisk,
Asriel Taragin, and Curtis L. Shufflebarger, Jr.
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Part L—INTRODUCTION AND SUMMARY

The relationship between speed, characteristics
of drivers and vehicles, and accidents is of principal
importance to an understanding of highway traffic
operations and safety. Many of these relation-
ships have not been clearly understood in the
past. To better define these fundamental relation-
ships, 11 States and the Bureau of Public Roads
cooperated in a study of accident involvements
related to characteristics of normal traffic on 600
miles of main rural highways in the United States.
The accident records of mnearly 10,000 drivers,
speed observations, and interviews with 290,000
drivers using these highways provided the basic
data for analysis in the study reported in this
publication. The results of this study were sum-
marized in a report to the Congress, The Federal
Role in Highway Safetyt The present report
extends the analysis and provides much greater
detail than the earlier summary.

In the course of the study, speed and other
characteristics such as age, sex, military status,
and residence of the driver; types of vehicles; and
the horsepower, body style, and age of passenger
cars were related to accidents. Involvement rate
was the key to the analysis problem. Accident
reports, for example, frequently show the esti-
mated travel speeds of vehicles involved in high-
way accidents. It is not enough, however, to
know that a certain number of drivers involved
in accidents were traveling at a particular speed;
it is also essential to determine how much driving
was dons at that same speed. Then, by relating
the travel speeds of accident-involved drivers and
of all drivers, it is possible to determine the
hazard associated with specific driving speeds—
the accident-involvement rate. Simply put, an

1 The Federal Role in Highway Safety, House Doc. 93, 86th Cong., 1st sess.,
1959, pp. 71-84

aceident involvement is one driver or one vehicle
in one accident. Involvement rate represents the
number of involvements per 100 million miles of
travel. '

A description of the procedure used in obtaining
the data and the resultant findings relating speed,
driver, and wehicle characteristics to reported
accidents on main rural highways in the United
States are included in this publication. Apart
from the accident analysis, some subsidiary anal-
yses of travel patterns and speed also have been
included.

Summary

The principal findings of this study in relation
to reported accidents on 2- and 4-lane main rural
highways (not freeways) are summarized in the
following statements.

e The accident-involvement, injury, and
property-damage rates were highest at very low
speeds, lowest at about the average speed of all
traffic, and increased at the very high speeds,
particularly at night. Thus, the greater the varia-
tion in speed of any vehicle from the average
speed of all traffic, the greater its chance of being
involved in an accident.

o The severity of accidents increased as speed
increased, especially at speeds exceeding 60 miles
per hour.

e The fatality rate was highest at very high
speeds and lowest at about the average speed.

e Pairs of passenger-car drivers involved in
two-car, rear-end collisions were much more likely
to be traveling at speed differences greatly in
excess of those observed for pairs of cars in normal
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traffic. For example, fully one-third of accident-
involved pairs of drivers were traveling at speed
differences of 30 miles per hour or more, compared
to only 1 percent of pairs of cars in normal traffic.

@ Passenger-car drivers under 25 years of age
and more than 65 years of age had the highest
involvement rates.

® When more than 35 years of age, female
passenger-car drivers consistently had higher
accident-involvement rates than male drivers.
Fewer consistent differences between the two sexes
were noted when drivers were less than 35 years
of age.

e Involvement rates for members of the Armed
Forces were about twice as great as the non-
members in comparable age groups.

o Local drivers tended to have higher involve-
ment rates than other drivers, particularly at
night.

@ During the day, for passenger cars and trucks
only small differences existed in involvement rates.
Howerver, at night passenger car involvement rates
were nearly three times as great as those for
trucks having six or more tires.

o Drivers of passenger cars having low horse-
power had higher involvement rates than drivers
of cars having higher horsepower, regardless of the
other variables studied. This may be related to
the relatively poor acceleration capability at high-
way speeds of cars having low horsepower.

e Drivers of older cars had higher involvement
rates than drivers of newer cars, but this may have
been at least partly related to the low horsepower
and poor acceleration of the older cars.

e Difference in makes of passenger cars had
little effect on involvement rates.

e Therange in involvement rates was consider-
able, the rate depending on the combinations of
driver and vehicle characteristics studied. For
example, drivers 40 years of age, traveling at 65
miles per hour in cars 2 years old that had 200
horsepower, averaged only one reported accident
in 1,600,000 miles of driving. In contrast, drivers
18 years of age, traveling at 30 miles per hour in
cars 6 years old that had 100 horsepower, averaged
one reported accident in 12,000 miles of driving.
This example merely demonstrates the extremes
in involvement rates obtained in the study.
Moreover, these and other findings are averages
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for specific driver groups, are not applicable to
individual drivers, and do not prove that indivi-
dual identifiable drivers are accident prone. The
findings in the study reported here do show that
as a group some specific classes of drivers are more
likely to be involved in accidents than other
classes of drivers. Very slow speeds and, to a
lesser extent, youth of the drivers had the greatest
effect on the involvement rate.

o Computation of injury rates on an occupant-
mile basis showed the highest injury rate for
occupants of the front left and right seats. The
injury rate was about one-half as great for occu-
pants of the center front, left rear, and right rear
seats; and one-third as great for occupants of the
center rear seats.

o Nearly half of all accident involvements were
either rear-end collisions or same-direction side-
swipes. However, the proportion of these acci-
dent involvements decreased as travel speed
increased. Single vehicle, noncollision accident
involvements contributed an increasingly greater
proportion of all accident involvements as speed
increased, particularly at speeds of more than 70
miles per hour. At speeds of 80 miles per hour,
noncollision accidents constituted half of all
involvements. Although angle collisions usually
were less than 15 percent of the total, at speeds
of less than 25 miles per hour they constituted
more than one-third of all accident involvements.
The proportion of head-on collisions or opposite-
direction sideswipes increased as speed increased;
but this type of accident involvement always
was less than 20 percent of the total regardless
of speed and day or night conditions.

¢ Rear-end collisions were the predominant
type of collision for every age group; however,
drivers over theage of 65 also tended to be in-
volved in angle collisions, and younger drivers
also tended to have noncollision accidents that
involved only their own vehicle.

o Accidents involving many vehicles were rare.
For example, only 1 percent of all accidents
involved four or more vehicles and less than 0.1
percent involved six or more vehicles.

e Sex and age of drivers affected the propor-
tionate distribution of travel on main rural
highways. Female drivers performed only 13
percent of the day travel and only 7 percent of
night travel. Male drivers between 20 and 55




years ol age performed the greatest amount of
travel per registered driver—older drivers reduced
their travel even more at night.

e The mean speed and the variability in speeds
showed only a moderate variation for nearly all

driver and vehicle characteristics studied.

There

was a slight decrease in mean speed as age of

driver and age of passenger car increased. Aver-
age truck speeds were several miles per hour slower
than passenger car speeds.

The speeds of passen-

ger cars were directly related to their horsepower,
speed being greater for those in the higher horse-

power groups.

Table 1.—General characteristis of study sections

1 1957 Access Inter Driveways
| ?etélt%a State Location Length| ADT control seetions Terrain
i Business | Residen-
tial
2-LANE SECTIONS
il Nmnb%r Numbfir Numb‘eér
iles er mile | per mile | per mile
1 Montana. - .-....| FAT-15-Woll Creek to Cascade. ..o 3.4 1,000 | None. ... z 0.2 ’ 0.3 1.5 Mountainous.
2 FAI-15 Termini FAS 279 to Woll Creek 27.2 1,100 {.____ do_ ... 0.2 0.2 3.3 Do.
3 I AT-15 Vaughn Junction to Conrad.. - 47.5 d 1.0 0.1 0.4 Level.
4 Towa 3 from Iowa 241 to Yowa 150_ 16,1 0.9 0.0 2,2 Rolling.
5 T.H. 52 Rochester to Chatfield. ... ...~ 15.5 1.5 0.4 3.2 Do.
i Route 17 Essex Countyu oo vommocanmaan- 20.3 1.0 1.9 6.9 Level.
7 U.8. 34, Monras County line to Ottumwa. 10.6 1.3 0.4 3.6 Rolling.
8 U.8.80 Dateland o ooee oo 37.0 0.4 0.5 0,1 Level.
9 i Route 36 West of Chillicothe -] 1.6 1.2 0.5 3.9 Rolling.
10 North Carolmu.- U.S. 258 from Richlands to the Junction of | 10.0 1.2 1.6 7.8 Level.
| North Caroling 53.
11 Arizong. oo St. 60 near New River. o oo .ocoocema. 31.8 0.5 0.7 0.2 )
12 Connecticut.__-.| U.8. 44 in Norfolk, Colebrook, Winchester. .- 6.2 1.9 2.9 5.3 Rolling.
13 North Carolina_.| U.8. 1 from Mzmly to Tramway. - -j 150 1.1 1.0 4,0 Do.
14 Oregon. . -u-w--..| U.8, 20 Albany to Lebanon. __._.. ... . 10,7 17 1.9 11.2 Level
15 Missourie--ova-a- Route 7! from 35 to the Bates County line.___| 10.4 1.0 0.3 3.8 Rolling.
16 1.8, 206 in Burlington County_. ... 20.0 3.2 3.4 8.1 Level,
17 2| T.H. 14 Mankato to East Section T.H, 60. 7.0 1.7 0.7 56 Rolling.
18 .| 0.8. 66 in Winslow County..---—.----- 20.0 0.2 [V S Level,
19 -| U.S. 30, Scappuse to St. Helens 6.1 2.8 2.5 1.6 Do,
20 U.8. 80, near West Corner section 10-82-7W__.| 12.2 1.3 0.2 2.3 Rolling.
21 Minnesota. ... T.H, 13 hetween T.H. 65 and T H. 100___...-. 8,2 4,600 | ... do-._. 2.8 0.6 3.0 Do.
22 Missourismeemmnan Route ‘lé) East of Columbiain Boone and Calla~ 9.8 , 800 | Partial.... 1.3 0.2 2.6 Do.
way Counties.
23 Californig ...~ U‘% 199 West (AT 81) 12 miles South of | 9L.0 5,200 | None. -~ 1,3 1.3 2.6 [}
illows.
24 North Caroling._| U.8. 301 irom Weldon to Enfleld...caceecmnne 15.0 5,900 ..~ do.-.. 0.7 1.7 8.2 Level.
25 Minnesota....-_. T.H. 169 Mankato to St. Peter. oo oaoaaees 8.2 6,200 |_ncan do___. 1.2 0.7 2.3 Rolling.
1 2 Connecticub. —...- Conn;:a_ct‘.ic%i‘.7 95 in Groton to Junetion Con- 5.5 6,600 | ... do--.. 3.8 6.6 7.7 Do.
neecticul 27.
l 27 feeueo (<1 TP Connecticut 8 in Trumbull, Stratford, Shelton.| 5.5 8,500 |- do---- 1.8 3.6 4.2 Do.
4LANE SECTIONS
28 Virginia. - ceceao- Route 60 in New Kent County__ ..acaoaoal 18.9 5,000 | None. - .. 1.6 3.0 3.1 Level.
29 Minnesota...-.-- T.I. 10, St, Cloud to Becker... ..o oooee 15,4 5,800 | Partial..._ 1.5 0.5 0.6 Rolling.
30 Missourio-cmaenon Route 66 West of Rolla in Phelps County-..-- 7.6 7,100 |.o.-- Qe 1.3 0.8 3.4 Do
31 New Jersey....-- U.8. 130 in Middlesex County. - commaecaaamn 9,1 | 11,200 | None..... 3.2 4.8 3.0 Level.
i3 U.8. 1 in Middlesex County. . ...ceeomouncan 9.8 | 14,100 |- o-—- 2.5 6.5 9.5 Do.
33 T.S. 40 (FAI 92) 3 miles Wemt of Davig.aoenan 16.4 | 14,000 I’artial._._ L0 0.4 0.7 Do.
34 U.S. 99 (FAT) 2miles South of Lodi_.__....__. 7.2 | 16,900 |- do._-- 2.5 7.8 15.6 Do.
35 Connectient 15, Wilbur Cross Highway_.._... 8.4 | 24,100 | Full.__._ (O] 0.0 0.0 Rolling.

1 One-half level, other half rolling terrain.

2 4 access ramps.

731-069—064——2




Part II.—STUDY PROCEDURE

The 600 miles of main rural highways on which
the studies were conducted were comprised of 35
different sections in 11 States. The participating
States were Arizona, California, Connecticut,
Towa, Minnesota, Missouri, Montana, New Jersey,
North Carolina, Oregon, and Virginia.

Study Sections

Individual study sections were between 5 and 50
miles long, except for one section that was 91 miles
long; the average section length was 17 miles.
Characteristics of the study sections are enumer-
ated in table 1. Of the study sections, 27 were
2-lane highways on which average traffic volumes
ranged from 1,000 to 8,000 vehicles per day.
Eight sections were 4-lane divided highways on
which average traffic volumes ranged from 5,000
to 24,000 vehicles per day, Only one of the 4-
lane sections had full control of access, four had
partial control, and three had none. On the
average, each 3 miles of the highways studied had
four intersections and two entrances to roadside
businesses. Two of the study sections were in
mountainous terrain; the remainder of the sections
were about equally divided between level and
rolling terrain.

Design characteristics of the study sections are
shown in table 2. TLanes were generally 10 to 12
feet wide, and portland cement concrete and
bituminous surfaces were equally represented.
Shoulders were usually at least 4 feet wide, and
shoulders of half of the sections were at least 8 feet
wide. The shoulders were predominantly of
gravel, but some were of a low-type of bituminous
material. On 4-lane sections, the median was
generally grass and between 10 and 50 feet wide.
The design speed was 60 or 70 miles per hour for
thirty-one of the sections, but on four of these
sections the design speed dropped to 40 or 50 miles

4

per hour for short distances. The other four
sections had design speeds of 35 or 45 miles per
hour.

Speed limits

The day legal speed limit for passenger cars on
28 of the sections varied between 55 and 70 miles
per hour. Two sections had & 45-mile-per-hour
limit and the five others had a ‘reasonable and
proper” or similar subjective types of speed limits.
Night speed limits were 5 or 10 miles per hour
lower than the day limits for about half of the
study sections. On eight of the sections, both day
and night speed limits for trucks were lower than
for passenger cars, by 5 to 15 miles per hour.

Average day speeds recorded for drivers at
individual study sites ranged from 42 to 59 miles
per hour, as shown in table 3; the overall median
speed was 50 miles per hour. The average or
arithmetic mean speed was slightly higher, 52
miles per hour. Night driving speeds at most
locations were similar to those measured during
the day, and the overall night and day averages
were nearly identical.

Other characteristics

The proportion of male drivers during the day
ranged from 81 to 94 percent on the individual
study sections, and the overall median was 87
percent. At night, the proportion of male drivers
ranged from 85 to 98 percent, and the overall
median was 93 percent. Because of the pre-
ponderance of male drivers on main rural high-
ways, many studies and operational activities can
be directed to them alone with assurance that
nearly all drivers will be included.

Among the individual study sections, the aver-
age age of drivers during the day ranged from a low
of 36 years to a high of 43 years, a rather narrow



Table 2—Design characteristics of study sections

Pavement Shoulder Median Speed limit
Study Design
section . spead | Passenger cars Trucks
Lane width Type Width Typs width Type
Day | Night | Day | Night
2-LANE SECTIONS
Feet Feet Feet ) Mph | Moph | Mop.h.| M,
1 Bituminous — 2 NA 61; 515 51(; h 5%)) h
2 10 | BtuminouS. occcccevoonoe - 2 NA 66 55 50 50
3 12 | Bltuminous. ...-ceceeemccuca 2 NA 65 55 &0 50
4 9 [ Portiand cement concrofe. - . 6 Gravel and eartho..._.] NA IR 60 50 50
5 10 | Portland cement concrefe. .. 10 | Gravel _oceeacicaeeeee NA 60 50 60 50
8 10,11 | Bituminous e ccoocveooen 410 | Gravel o eemcoao e NA 55 65 45 45
7 Portland coment concrete... 8 | QGravel and carth... NA uR 60 50 50
8 12 | Bituminous..oomoceaeoooom 8 | Mixed bituminous NA 60 50 60 50
9 10 | Bituminous 5 | Earth._ NA 1270 18 G5 1270 13 65
10 11 | Bituminous . 8 | Grass_. NA 55 55 55 56
11 12 | Bituminous. ceecoenaeeee 8 | Bituminoussurface NA 60 50 60 50
treatment.
12 11 | Portland cement concrete. .. 8 | Ofled. oo emeocmmmnn NA 50 50 50 50
13 11 | Portland cement conerete- .. 12 | Grass._.- NA 55 Ji1i] 55 55
14 11 | Bituminousa e ccoeaeornacaen 7 | Gravel... NA nR 1R R LR
15 12 | BituminouS.eccemcccccannee 4 | Barth. e recmae NA 1270 1265 1270 13 6§
16 10 | Portland cement concrete .. 10 50 &0 50 50
17 10 | Portland cement concrete___ 10 [ 55 85 56
18 12 | Bituminous, 8 60 50 60 50
19 10 | Bituminous. 10 nR uR R uR
20 12 | Portland cement concrete.... 10 R 60 50 &0
21 12 | Bituminous. e ——cceoooocen 6 60 50 60 50
22 12 | Portland cement conerete 2. 10 1370 1265 1270 12 65
23 10,11,12 | Bituminous 3. oooeocene 0-6 it 56 [its] 55
24 11 | Bituminous..... 8 65 55 85 55
25 12 | Bituminous_.oceomaomoe [ 60 50 60 50
26 11 | Portland cement concrefe... 10 | Ofled o onecaaccaann NA 45 45 48 45
27 11 | Portland cement concrete... 8 | Ofled. e caame N4 45 45 45 45
4-LANE SECTIONS
28 9,10,12 | Portland cement concrote L.; 4-10 | Grass..coeeececmmmnnn- 30-300 | Grass, dg- 770 &5 55 45 45
DPresse
29 11,12 | Bituminous oo o 6,8 | Gravel..oeoovammao 52 Depressed.-...-. 70 65 56 65 55
30 12| Portland cement conorete. .| 8-10 | ()oeememomo o 40 | Mo 60 1270 1270 1370 1270
31 10,11, 13. 5 | Portland cement conerete. .. 8 | Gravel oooceomooo 15-30 | Grass..weeceu-- () 50 50 50 50
32 12 Portland cement concrete.__ & | Crushed stone.—...-.. 12 | Grass with ) 80 &0 50 50
33 11,12,13 | Bituminous 3acmeercacmcnceos 3,6 | Bituminous. 432 | Bari 60 55 bb 56 56
34 10,11,12 | Bituminous ? . e 2~9 | Bituminou 36 Iligh shrubs.-..- 60 56 55 58 b5
35 12 | Portland cement concrete. .. 8 | Oiled....-- 10 | Grass, dg- 1070 55 55 5B 65
prosse

1 4 to 30 percent is bituminous.

2 50 percent is portland cement concrete.

8 5 to 26 percent is porfland cement concrete,
415 pereent has o median 6 to 8 feet wide.
510 percent of section at 40 m.p.h,

810 to 15 percent of section at 50 m.p.h.

range. At night, the average age was several
years younger.

The average horsepower of passenger cars being
driven during the day on the individual study
sections ranged from a low of 132 horsepower to a
high of 159 horsepower. At night, the range was
about the same. These averages, of course, apply
to the cars in use during 1954-58. Today the
situation may be slightly different.

The proportion of military drivers using the
individual study sections differed considerably.
During the day the range was from 1 to 14 per-
cent; at night from less than 1 percent to 32 per-

730 perecent of sestion at 60 m.p.]
8 35 percent of section af 70 m.p.
¢ Unknown.

1 Bstimated,

1 R=Reasonable and proper, basic rate, or a similar subjective limit.
13 R prior to Aug. 30, 1057.

cent. Obviously, the closeness to military installa-
tions affects the proportion of military drivers.
The percentage of out-of-State drivers on the
individual study sections ranged from 3 to 88
percent in the day and from 2 to 76 percent at
night. The percentage of commercial vehicles
was from 12 to 39 percent during the day and
from 5 to 79 percent at night. During the day,
the average age of passenger cars on the individual
study sections ranged from 3.6 to 5.5 years. The
range in age at night was nearly identical.

The 35 study sections are believed to represent
a reasonable cross section of main rural highways

5



Table 3.—Characteristics of drivers and vehicles by study sections, day and night

Driver characteristics Vehicle characteristics
Study
i v Average age | Average
section State ‘t})%g%%e Average age Percent Percent Percent Percent of passenger | horsepower
m.p.h. male military | out-of-State || commercial car of pagsgngar
2.LANE SECTIONS
Day | Night | Day | Night | Day | Night | Day | Night | Day | Night || Day | Night | Day | Night | Doy | Night
1 Montans . -ooooeoemmaaacaas 52, ‘1/ 47? 31412} 36.4 | 90.3 93.5 2.3 0.0117.3 9.1l 20.9| 2.5 4.1 4.1 146 140
2 Montana._ 52,7 | 50.5 {41.8| 36.1 885 983} 20 3.1 2.7 4.5 11 22.21 52,1 | 4.21 4.4 147 139
3 Montana._ 57.0 | 543 1411 41.8 | 88.0 ] 85.1 1.2 0.6 | 10.8 3.2 121,91 30.0f 3.9 3.7 151 1!30
4 Towa aaaoon 55.9 | 54.0 | 41,41 38.2 | 87.1| 88.3 0.8 0.1120.8| 16.3 |1 24.8| 10.8 | 4.1 4,4 149 138
5 Minnesota 53.71 (1 J4L1] O 83.1{ 07| © les1| @ 12,1 471 @) 135 O]
6 Virginia. oo .. 49,6 | 51.6 | 40.1] 32.3 | 86.0| 050 13.6| 32.0|455 | 368 18.4| 21.3 | 3.8 | 4.2 159 143
7 l'owgﬂ 47.1 1 44.9 7423 37.5 (850 | 93.3 L7 1.0]18.5 10,3 11 19.0 | 12,61 5.1 4.9 133 133
8 Arizona... 53.01 50.8143.6! 37.5 (867 9.9 41 7.3 741 60.0 ]} 31.4 ] 85.5| 3.9 | 4.6 156 146
] Missouri.—__- 49,8 | 44,7 | 41.3 ] 39.7 [ 88.6 | 957 | 3.7 4.0131.3 | 37.81 285 40.6 | 4.0 4.1 144 130
10 North Caroling. aceecemnoaae 49,0} 47.7)3.5] 33.7 | 86.6| 85.4) 9.7] 25771123 ] 28.4j24.8 9.21 42 4.1 138 138
11 Arlzona. oo 50,0 52.3 1426 40.4 | 85.4| 90.3} 1.6 0.6 226 17.6{] 25.8( 34.1 411 4.3 163 151
12 Connecticut. - _| 43.7 | 43.5 417 37.08L1| 911 1.1 0.612:.3| 28.71120.0] 2.3 | 45| 4.4 141 144
13 North Carolina. _| 48.1| 42,0805} 35.1}852| 92.3 5.4 6.6 44,3 | 89.91 18,4 16.8| 3.8 4.0 150 147
14 Oregon___._._ -| 46.9 | 47.4 141.3 | 35.4 | 84,2| 88,81 0.9 3.0 60 2.7 || 22.0 8.5 5.3 5.7 132 132
15 Missouri-—-. _-| 48.0 | 48.0 1 41.8 | 37.3 | 89.6 | 97.5| L1 1.3 (221 28.31|120.8| 50.5} 4.2 4.4 142 138
16 Now Jerseya oo cmmmocmccmcane 47.2 | 48.7 1 40.4 | 38.2 | 88.2| 95.3| 8.5 3.012.7| 10.8 {251 641} 42| 4.6 143 141
17 MANESOEA o - eme e 50, () (4091 () 846l () 0.7 ¢ lwaf () 118 | () 501 @ 34 0 @)
18 Arvizona 53.4 | 49.9 [ 40.6| 36.2 |82 89.3} 2.7 3.5|87.0f 76.2 {241 18.9| 3.8| 3.9 154 150
19 [87 7:31) « 43,7 39.8 | 427 38.2 8.1} 92.6| 0.6 0.0 7.8 1.5 ] 19.4 551 8.5 &0 131 137
20 ToWaee o cmem _| 82.5 51.0 | 40.4 | 36.9 | 88.8| 05.3 1.2 0.9130.6 27.1 ) 31.7| 28.7 4.0 4.4 148 142
21 | Minnesota__. 45002 () (3991 () [8.4]| (O Ls| © | 68| @ {luo| O 44| o 141 | (1)
22 Missoario- o 152,11 53.1 (40,0 33.9|9L1| 94.7] 3.0 421803 23.6{125.1] 35.5}1 3.9| 4.2 148 141
23 California_.. - 67.31 54.0 | 41.6 | 37.5 [ 843 | 96,4 | .. | ~o.-- 18.3 | 16.3 11 22.5| 53.8] 4.4} 50 143 139
24 North Carolin 46.4 | 41.5 | 42,2 | 351 [ 87.0| 93.5| 4.6} 15.4|70.7 | 64.6 || 2L.6| 16.3 | 3.7 | 4.3 156 142
25 | Minnesota__ 49,5 () |40.2] O | 865] () 0.9 ® | 95| ® Hi152] @ 451 (O il @
26 Connecticut 41,8 ) 44.2140.5] 37.6 1 80.6 01 6.1 4.8140.0 | 644 158 42.0| 47| 55 137 129
27 Connecticut .. e oooonons 44.6 | 47.4140.1 ] 36.5 | 88, L7 0.5 01103 1.3 (| 19.6] 21.7| 4.6 | 4.9 140 141
Median. oo e 40,8 | 48.0 | 41.3| 37.01 88.8 51 L7 3.1 (226 286219 27.5| 4.2| 4.4 143 141
4-LANE SECTIONS
28 Virginia. o oo eecee 48.8| 50.3140.31 37.2 |1 87.0| 92.21 6.5 8.0120.0} 1,3 {118,561 20.0} 3.8] 4.0 156 153
29 Minnesota.... 57.1 *) 41,0 O] 89.0 )] 1.5 ) 15.5 6] 18.6 (1) 4,1 [O] 143 [©)
30 Missouri._ ... 62,7 | 48.5 138,51 34.8 |88.3| 054|128 181 | 44.4 | 421§ 23,5 56..2| 4.0 4.2 146 142
31 New Jersey.- 47.9 1 49.8 139.4 1 38.4 | 93.8| 98.2 3.6 0.81230.8| 5591 38,7 79.5{ 4.3 | 4.5 140 141
32 New Jerseyea o macmeecmccan 46.2 | 50.4  39. 39.1190.0] 96.3 | L1 1.3 1320 5201} 20.1) 54.7| 4.1 | 4.6 146 145
33 California_.. 58,9 | 58.2 40,0 37.5)86.9| 89.9 | ccnw | —oeeen 11.6 6.6 116,21 41.4| 4.3 | 4.6 146 146
3¢ California... 65,2 | 56,5 40.8| 36.9 | 86.3 | 87.6 | ~oo | L. 7.9 8.71 21L.8f 27.01 4.8| 5.4 141 138
35 Connecticut.. 51,4 | 51.2|40.4| 37.6 | 850} 60.8| 2. 2,3} 548 49,0} 12.2| 353 | 3.9| 3.9 148 146
Medioh . oo 52,1 50,41 40,4 37.5187.7| 92.2| 8.0 2.3125.0| 42.11)19.31 4L.4| 4.1 4.5 146 145
Median for 2 and 4 lanes confined._} 50.2 { 49.9)140.8 | 87.3 | 86.9( 93.4| 1.9 3.0 1226 | 253 21.5{ 20.9| 4.2 4.4 144 | 141
! No data available.
in the United States. It is important to note here  averaged. A speed profile was drawn showing the

that more than half of all highway travel in the
United States takes place on rural highways and
nearly three-fourths of the rural travel is on main
rural highways. Thus, the study sections are
representative of highways that accommodate
more than one-third of all the wvehicle-miles of
highway travel in the United States.

Speed Measurements

The average speeds along each study section
were first determined by having a driver-observer-
tecorder team drive a test car over the highway,
moving it with the normal flow of traffic and
recording its speed at periodic intervals. A
number of runs were made and the speed was

6

average speed in each direction at intervals along
the selected highway section. These profiles were
studied by State highway department engineers,
who selected a site in each section as being repre-
sentative of the average speed for the entire section.
Care was taken in selecting these specific sites for
measuring speeds to ensure that representative
speed distribution would be obtained. Reduced
speed zones and other controlling conditions
having a major effect on speed were not selected.

Spot speed observations

Spot speed observations at the selected sites
were made during 1957 and 1958 for 290,000
drivers. The speed data obtained presumably is
representative of the speed of daily traffic at



typical locations on main rural highways. Con-
cealed, speed measuring devices were used to record
the speed of individual drivers at the selected sites
on each of the 35 study sections. These speed
measurements were made during day and night
hours, on weekdays and Sundays, and in the
different seasons of the year.

Interview Data

At o distance beyond and well out of sight of the
speed observation points, the drivers were stopped
and interviewed to obtain information on charac-
teristics other than speed such as the sex, age,
military status, and vesidence of driver; and the
type of vehicle including the model year, make,
number of cylinders, and body style of passenger
cars. Horsepower of the passenger cars was
determined from related data in automobile
catalogs. The seated locations of passenger-car
occupants were also observed and recorded.

Accident Data

Source of the accident data for the analysis was
the reports for 10,000 drivers and their vehicles
that had been involved in accidents on the 600
miles of rural highways studied. These records
were for all accidents that had occurred on the
study sections during a period of 3 or 4 years
(ending June 30, 1958) and that had been reported
to the State authorities. For each driver involved
in each accident, information was obtained on his
speed and on all other items obtained in the road-
side interviews such as sex, age, etc. In addition,
these records contained information on the amount
of property damage, as estimated by the police
officer or sometimes by the driver reporting the
accident.

The travel speed of accident-involved drivers
was used; that is, the estimated speed at which
the driver was traveling prior to the occurrence
of the accident. This was not the speed at the
moment of impact, but the normal speed of the
driver before he was aware of an impending ac-
cident. An attempt was made to obtain impact
speeds for analysis purposes, but the data were
too incomplete to warrant analysis. Travel
speed is of greater importance in the analysis
because it permits correlation of speeds of accident-
involved and nonaccident-involved drivers and
permits prediction of accident probability based
on normal travel speeds. About 21 percent of
the accident-involvement reports contained no

estimate of travel speed. For these involvements,
the travel speeds were prorated on the basis of
the other driver and wvehicle characteristics
studied. Similar procedures were applied when
other data were incomplete—the amount of this
incomplete data was relatively small.

Expansion Procedure

Because the accident data were collected over
a period of 3—4 years, whereas the interviews and
speed measurements were obtained during a
single 12-month period, it was necessary to employ
an expansion procedure to make the interview
data applicable over a span of 3 to 4 years. In
this procedure, traffic volume data for the 3—4 year-
period were utilized to obtain a basic vehicle-
mile estimate toward which the interview data
were expanded. Then, the interview data were
weighted according to the relative travel during
the season of the year that the interview repre-
sented. The scrapping of older cars and the
entrance of newer cars into the market during the
different seasons of the year also was considered.
Moreover, in the expansion to back years, correc-
tions were made for differing amounts of travel
by newer and older cars. A cross check of the
results showed that those obtained with data
from the expansion procedure corresponded closely
to those obtained from utilization of the interview
and accident data for a single year.

Statistical Reliability

On a unit basis, accident data were more dif-
ficult and expensive to obtain than interview and
speed data. Accordingly, a much larger volume
of the latter type of data were obtained—on the
average, nearly 30 times as much. This per-
mitted the statistical reliability of the involve-
ment rate to be based on the number of accidents
alone because the number of accidents nearly
always was much smaller than the number of
interviews or speed observations and therefore
governed the reliability of the computed rates.

Only involvement rates are shown in some of
the more complex tables in this publication, such
as tables 9~16; the number of involvements and
the vehicle-miles of travel upon which the rates
were based have been omitted to permit easier
comparisons of the rates. These rates were
usually based on at least 30 involvements. When
between 10 and 29 involvements were employed
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in the calculation, this has been indicated by a
footnote in the table. No rates were calculated
for less than 10 involvements. This procedure
was followed to ensure that the rates were based
on an adequate number of accident involvements.

If it 1s assumed that sceident involvenents are
distributed according to a Poisson Distribution—
a reasonable assumption for these rare events—
certain statements may be made relative to the
statistical reliability of the involvement rates:
For 30 accident involvements, 9 of every 10
computed rates will be within 30 percent of the
rate expected for an infinitely large sample of
accidents; but for only 10 accident involvements,

9 of every 10 computed rates will be within 60
percent of the rate expected for an infinitely large
sample of accidents.

On another approach, if two cells have sample
sizes of about 30, a difference in involvement
rate of 30 percent or more between them could
only occur by chance one time in 20 (0.05 level).
For the study reported here, differences in involve-~
ment rates greater than 30 percent between two
cells frequently occurred and, therefore, this
method of determining statistical reliability was
considered adequate. Moreover, many of the
cells were comprised of sample sizes much larger
than 30,




Part III.—STUDY FINDINGS RELATED,TO SPEED

In the discussion that follows, ‘“‘accident-
involved drivers” are those for whom data were
obtained from the accident reports. “Inter-
viewed drivers’” ave those for whom speeds were
observed and who ware later interviewed on the
study sections, the interviewed group was con-
sidered to be a sample representative of all drivers.

Comparison of Speed Distributions

From the speed estimates in the accident
reports and from the speed measurements on the
highway, the number of accident-involved drivers
and interviewed drivers who were traveling at
different speeds were tabulated. Converted to
a percentage basis, the daytime data are plotted
in figure 1, the percentage scale is at the left.
The two curves indicate the percentages of
drivers in each group that traveled at different
speeds. If the two speed distributions had been
the same, the two curves would have been iden-
tical also thus indicating that the chance of being
involved in ah accident would be the same at all
speeds. But the curves are entirely different.

The largest proportion of both groups traveled
at 50 miles per hour (47%-52% m.p.h.). Fully
25 percent of the interviewed drivers traveled at
that speed, but only 17 percent of the accident-
involved drivers were traveling at 50 miles per
hour prior to the accident. The relation of the
two curves indicates that a larger proportion of
accident-involved drivers were traveling at lower
speeds than the interviewed drivers. Conversely,
a larger proportion of interviewed drivers than
accident-involved drivers traveled at the higher
speeds. TFor example, 13 percent of the inter-
viewed drivers traveled at 60 miles per hour
compared with only 7 percent of the accident-
involved drivers.

Thus, within the limits of the study, there iz an
unmistakable indication that low-speed drivers

are more likely to be involved in accidents than
relatively high-speed drivers. Note that at ex-
tremely high speeds, approaching 80 miles an
hour, the difference would disappear.

Relation of Tolal Travel, Speed, and
Involvements

A study of accident involvement based only
on percentages of accident-involved drivers travel-
ing at different speeds fails to consider the mileage
of travel. The number of drivers involved in
accidents at any particular speed must be related
to the amount of travel at that speed. To estab-
lish this relationship, a determination bad to be
made of the total vehicle~miles of travel on the
study sections during the 3- or 4-year period
covered by the accident data. Traflic volume
counts talen at periodic intervals by automatic
counters placed along the highway formed the
basis for this calculation. The number of vehicles
counted during the period, multiplied by the
length of the section in miles, gave the total
vehicle-miles of travel.
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Figure 1.—Travel speeds of accident-involved and
interviewed drivers, day.




Table 4.—Ratio of night to day involvement rates by
travel speed

Night-to-day
aecident-involve-
ment rates

Travelspeed
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The total travel mileages were distributed
among the speed groups, in relation to the speed
measurements taken on the highway. If 10
percent of the drivers, for example, were traveling
at 40 miles per hour, then 10 percent of the
vehicle-miles of travel was assigned to that speed.
Account was taken of hourly, daily, and seasonal
variations so that the distribution would properly
represent the period for which accident records
were available.

The two seales at the right of figure 1 apply to
the accident and travel information; these scales
are related to the same curves used to represent
percentage distributions. The solid-line scale
and curve indicate the number of accident-
involved drivers; the dash-line scale and curve
indicate the vehicle-miles of travel for interviewed
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Figure 2—Involvement rate by travel speed, day
and night.
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drivers. These curves show, for example, that
at 50 miles per hour 911 drivers were involved
in accidents when total travel was 715 million
vehicle-miles.

Accident Involvement Rate

By use of the number of accident-involved
drivers and total mileage for each range of speed,
accident-involvement rates were calculated.
These rates were determined by dividing the
number of accident-involved drivers by the
related vehicle-miles of travel. TFor the 50-mile-
per-hour example, the accident-involvement rate
would be 127—the result obtained when 911 was
divided by 7.15 (using the commonly accepted
travel unit of 100 million vehicle-miles). This
accident-involvement rate is in effect a measure
of the chance of a driver being involved in an
accident at any particular driving speed.

Similar computations were made for each
speed group, and the results have been plotted
as the solid curve in figure 2. A semilogarithmic
scale was employed so that the extreme ranges
in involvement rates for the different speeds
could be shown on a single graph. The solid
curve illustrates that during the day the involve-
ment rate was highest for the very low-speed
drivers; the involvement rate reached a low point
at about 65 miles per hour, and beyond that
speed increased. During the day, a driver
traveling at a speed of 20 miles per hour on main
rural highways is about 100 times more likely to
become involved in an accident than a driver
traveling at a speed of 65 miles per hour.

Night accident-involvement rate

The dashed curve in figure 2 shows the accident-
involvement rate at night for different travel
speeds. Again, the highest involvement rate was
at the very low speeds and the lowest rate at
moderately high speeds—about 55 miles per hour.
In general, as shown in table 4, in the range from
20 to 60 miles per hour the involvement rate at
night was about double the day rate. At speeds
below 20 miles per hour, there was a statistically
significant reversal of this trend. At speeds in
excess of 60 miles per hour, the night involvement
rate was much greater than the day rate. The
sharp upward trend in the involvement rate at
night at speeds of more than about 65 miles per
hour (fig. 2) points up the desirability of reducing
the upper range of driving speeds at night.
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Figure 3.—Persons injured per 100 involvements and property damage per involvement by iravel speed, day.

Although reasonably reliable estimates of travel
speed just prior to an accident often can be made
by experienced traffic-police investigators, not all
accidents included in this study were investigated
and the involved drivers, especially those who
might have violated traffic laws, probably under-
estimated their speed.

If every driver underestimated his speed by
5 miles per hour, the curves in figure 2 would be
modified only slightly and this modification would
be for speeds of more than 60 miles per hour. If
every driver underestimated his speed by 10 miles
per hour, the curves would approach a U shape.
However, there is no reason to believe that every
driver underestimated hisspeed. Moreover, many
of the speed estimates were made by police or
other third parties. Hence, regardless of possible
biases in obtaining speed estimates for accident-
involved drivers, the differences in the involve-
ment rates at the different speeds are substantial
enough to suggest that relatively high speed
driving is, on the average, safer than either low
speed or excessively high speed driving on main
rural highways.

Although the study sections were chosen with
as few intersections as possible and no major
intersections were included, some of the reported
accidents did occur at intersections. The data
were collected in such a way that the intersection
accidents could not be selected. Many of the
intersection accidents probably involved at least

731-069—64—3

one relatively slow moving vehicle. Thus in the
speed range of 10-30 miles per hour, it is con-
ceivable that up to half of the accident involve-
ments occurred at intersections. But even if
the data for these accidents were eliminated, the
portion of the curve for low speeds in figure 2
would be reduced only a fraction of a log unit.
The basic findings of the study would not be
affected; that is, the accident involvement rate is
lowest at about the average speed of all traffic
and highest at the very low speeds and the very
high speeds.

Accident Severilty Increases with Speed

As is generally supposed, accidents occurring
at moderate and high speeds were considerably
more severe than accidents at very low speeds.
The left curve in figure 3 shows this speed and
accident severity relation for daytime conditions,
based on the number of persons injured per 100
accident-involved vehicles. For example, at a
speed of 40 miles per hour, 31 persons were injured
for each 100 vehicles involved in accidents; and
at 65 miles per hour, 70 persons were injured for
each 100 vehicles involved in accidents.

Another measure of accident severity considersed
is the amount of property damage per involve-
ment. As shown in the right curve of figure 3,
property damage also increased as travel speed
increased but at a somewhat lower rate than the
injuries. The relation between speed and accident

1"



Table 5.

Involvement, injury, fatality, and property damage rates by travel speed, day and night

Persons
Travel speed Vehiecle-miles . Vehicle Property damage
involvements
Injured Killed
DAY
Cumu- Per 100 Per 100 Per 100
lative involve- involpe- involve-
M. ph. Number Percent| percent | Number| Rate8 | Number| Rate? | ments |Number| Rated | ments | Amount Rate 3 ments
Standing. .o o] mcceomcmmomoa | amecme | eaaes 493 | . .. 90 { .. 18 1 @ @) $119,900 | - $24, 000
22 or less. 2, 736, 000 0.1 0.1] 1,183 | 43,238 278 | 10,161 23 17 621 11 275, 900 |$10, 084,000 | 23,000
28, 850, D00 1.0 1.1 331 1,147 95 329 29 2 87,300 303,000 | 26,000
4, 497, 000 2.3 3.4 3565 550 80 140 25 1 106, 000 164,000 | 30, 000
250, 142, 000 9.0 12.4 558 223 147 59 26 6 12 1] 165, 900 66,000 { 30, 000
395, 097, 000 14.2 26.6 698 177 233 50 33 3 219, 400 56,000 i 31, 000
- 714,925,000 25.7 52.3 911 127 404 56 44 24 13 13 314, 400 44,000 | 35, 000
- 513, 552, 000 18.5 70.8 700 136 323 63 46 17 13 12 247, 850 48,000 | 35,000
-] 462,238,000 16.7 87.5 441 95 243 53 55 17 14 14 175,100 38,000 | 40, 000
-| 307,786,000 11.1 08,6 259 84 180 58 69 15 15 1B 113,700 37,000 4, 000
73 or more. ... 38,841, 000 1.4 100.0 54 139 68 175 126 12 131 122 32, 450 84,000 | 60, 000
TOTAL .. | 2,778,664,000 | 100.0 | ... 5,083 215 2,151 77 36 115 4 2 1,847, 900 7,000 | 31,000
NIGHT

Standing. e[ moeooeooian | o | —eeee 255 | ooeoeo |28 PR 20 6 @ (%) $65,000 | oo .. $25, 000
22 or less. 1,990, 000 0.2 0.2 473 | 23,760 120 6,030 25 2 110, 050 | $5, 575, 000 , 000
23~32__ 13, 284,000 1.5 1.7 206 | 1,851 55 414 27 3 115 12 51,550 388,000 | 25,000
33-37 22,701,000 2.5 4.2 254 | 1L,119 100 440 39 9 78,450 346,000 | 31,000
382 . 99, 096, 000 11.2 156.4 418 418 142 142 34 7 144, 650 145,000 1 35,000
4347 - 136, 057, 000 15.2 30.6 559 411 259 180 46 13 110 12 194,700 143,000 | 35,000
AB-B2. . 274,039, 000 30.7 61.3 686 250 321 117 47 29 111 14 263, 050 96,000 | 38,000
85357 .- 164, 739, 000 18.5 79.8 454 276 186 113 41 18 ig } 13 165, 700 101,000 | 36,000
58~62.__ 105, 028, 000 11.8 91.6 250 238 157 149 63 5 105, 750 101, 000 2, 000
63-T2_ ... 66, 181, 000 7.4 99,0 195 206 168 254 86 21 132 111 92,250 189,000 | 47,000
73 or more...-- 8,492, 000 1.0 | 100.0 83 977 80 942 96 25 1204 130 47, 900 564,000 | 58,000
POTAL e 892,507,000 | 100.0 | ... 3,833 429 1,640 184 43 138 15 4 1,319, 950 148,000 | 34,000

1 Rate based on 10-29 accident invol vemenis.
2 Less than 10 accident involvements; rate not computed.

3 Rate is the number of involvements, persons injured, persons killed, or amount of property damage per 100 million vehicla miles.

severity at night was nearly identical to that for
accidents occurring during the day.

The data collected in this study clearly show
that accident severity increased rapidly at the
higher driving speeds. Moreover, as shown by
figure 2, the accident-involvement rate for acci-
dents during the day also increased at speeds of
more than 65 miles per hour. Consequently, as
shown in figure 4, the injury rate for accidents
during the day; that is, the number of persons
injured per 100 million vehicle-miles of travel,
increased sharply at speeds of 70 miles per hour
or more. At speeds of between 40 and 70 miles
per hour the injury rate varied only slightly;
but when the speed was less than 40 miles per hour,
the injury rate increased sharply and was highest
ab speeds of less than 30 miles per hour.

At night, the picture was accentuated. As
shown in table 4, at speeds in excess of 60 miles
per hour, the ratio of the night-to-day involve-
ment rate climbed sharply. Thus the injury rate
for night driving, shown in figure 4, began climbing
at a somewhat lower speed than the day injury
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rate and at 80 miles per hour was five times that
of the day injury rate. Figure 5 data show
similar trends with respect to the property damage
rate—the amount of property damage per 100
million vehicle-miles of travel.

Fatal Accidents

The accident severity relations established for
injuries and property damage were substantiated
by comparisons of data based on fatalities, as
shown in table 5. At speeds lower than 63 miles
per hour, one to four persons were killed for every
100 vehicles involved in daytime accidents;
between speeds of 63 and 72 miles per hour, six
persons were killed for every 100 accident-involved
vehicles; and the rate climbed to 22 persons killed
at speeds of 73 miles per hour or higher.

For the night hours, the number of persons
killed per 100 accident-involved vehicles on the
average was twice the number killed during the
day, but the fatality pattern was similar in that
the chance of being killed in an accident increased
as speed increased.




Table 6.—Involvement, injury, fatality, and property damage rates by travel speed on 2-lane main rural highways for all
types of vehicles, day and night

Persons
Travel speed Vehicle-miles Vehicle Property damage
involvements i
Injured Killed
DAY
Cumu- Per 100 Per 100 Per 100
Per- | lative involve- involve- involve-
St J\fdp.h. Number cent | percent Nurghgr Rate? Num%r Rated | ments |Number| .R??t)e 3 mzzgts A;nst;u?g Raie’ @rge&%
Anding. ..o cocccccmommas [ cccma | mem=ea £ S IR 1 1 S I t: T W 150 | e k23,
22 or less. 2,412, 000 0.1 0.1 785 ( 32,546 166 | 6,382 11 1456 11 178,250 | $7,183, 000 22, 000
23,777,000 1.4 Lb 231 972 65 278 | 28 | e @) (zg 58, 050 244,000 | 25,000
52,730, 000 3.0 4.5 277 625 65 123 1 I (¢ 20,350 152, 000 29, 000
184, 367, 000 10.5 15.0 420 228 117 63 4 (2} *) 118, 000 65, 000 28, 000
263, 831, 000 15.1 30.1 518 196 160 61 1 O] @) 158, 650 60,000 | 81,000
428, 058, 000 24.5 54.6 658 154 285 [i}] 18 14 13 232, 250 54, 000 35, 000
300, 458, 000 17.2 718 473 157 212 71 45 15 15 13 170, 000 57, 000 36, 000
283, 660, 000 16.2 88.0 360 127 194 68 15 15 14 144, 300 51,000 | 40, 000
184, 217, 000 10.5 08. 5 218 118 155 84 11 } 19 } 1g 97,400 53, 000 4_5. 000
25, 807, 000 1.5 | 100.0 3¢ 132 36 139 | 106 8 20, 950 81, 000 62, 000
TOTAL. ... 1,749,817,000 | 100.0 | ——-—— 4,352 249 ¢ 1,535 88 84 & 2| 1,341,350 77,000 | 31,000
NIGHT
Standing_ . o] ccecmccomoon | cooonn | ammans 162 | ooeees 34 e 4 &) (O] $39,850 | ...oeonoaa $25, 000
22 or less__. 1, 787, 000 0.3 0.3 297 | 16,620 74| 4,141 1 69, 900 | $3,912,000 | 24,000
23-82.... 11, 641, 000 2,1 2.4 132 | 1,134 41 352 31 2 136 12 34,100 203, 000 28, 600
33-37.. 20, 048, 000 3.6 6.0 172 858 76 379 44 9 b7, ';[O() 285, 000 33, 000
3842__ 81, 124, 000 14.0 20.8 271 334 97 120 36 4 } 110 } 13 94, 300 116,000 | 85,000
4347 el 91, 249, 000 16.5 37.1 369 404 2 188 47 13 130, 200 143,000 | 35,000
48-52_ ... 152, 627, 000 27,5 684.6 496 325 245 161 4G 27 118 15 197, 300 120,000 { 40,000
53-57_- 80, 610, 000 16.2 80.8 282 315 131 146 46 15 } 113 } 14 109, 600 122,000 | 39,000
58-62. . a0, 548, 000 12.8 93.4 177 255 113 162 64 5 79,100 1}4, 000 | 45,000
63-72.... - 31, 011, 000 58 90,2 157 492 127 308 8L 16 1 50 110 75, 600 237,000 | 48,000
73 or more..._ 4,601, 000 0.8 100.0 1,174 41 801 76 19 1413 135 32, 950 716,000 | 61,000
TOTAL. oo 554,139,000 | 100.0 § —aoens 2,568 464 | 1,151 208 45 115 21 4 920, 000 166,000 | 36,000
1 Rate based on 10~28 aceident involvements,
2 Tess than 10 accident involvements; rate not computed. .
3 Rate is the number of involvements, persons injured, persons killed, or amount of property damage per 100 million vehicle-niles,
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Figure 4.—Injury rate by travel speed, day and
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Like the injury rate, the fatality rate—the num-
ber of persons killed per 100 million vehicle-miles
of travel—climbed sharply at very high speeds, as
shown in table 5. This was a result of the com-

- pounding effects of moderately high involvement
rate at very high speeds and the increased possi-
bility of a fatality when an accident does occur at
these speeds. During the day, the average {atal-
ity rate for all speeds was 4; but at speeds of 73
miles per hour and more the fatality rate was 31.
This relation was even more sharply defined at
night, when the average fatality rate was 15; but
at speeds of 73 miles per hour and more the fatality
rate was 284—nearly 20 times the average rate.
This finding again lends support to the desirability
of reducing the upper range of night driving speeds.

Three measures have been used to compare acci-
dent severity at different speeds: (1) property
damage per involvement, (2) persons injured per
100 involvements, and (3) persons killed per 100
involvements. All three measures show that acci-
dent severity increased slowly up to speeds of
about 60 miles per hour and more rapidly at higher

speeds. This was particularly true for the second
measure; and the increased severity at higher
speeds was most sharply delineated by the third
measure employed,

Comparison of 2- and 4-Lane Highways

The relationships between speed and accidents
that have been developed were generally con-
sistent for both 2- and 4-lane highways. = There
were some differences, however, as a careful com-
parison of data in tables 6 and 7 will reveal. For
one thing, the overall accident-involvement rate
on 4-lane highways was much lower than that on
2-lane highways. However, only one of the 4-lane
sections had full control of access—a condition
that other studies have shown invariably produces
very low accident rates. Four other study sec-
tions had partial control of access and, this partial
control coupled with the full control on the one
section, could partially account for the lower in-
volvement rate. By way of contrast, all except
one of the 2-lane sections had no control of access.

Table 7.~Involvement, injury, fatality, and property damage rates by travel speed on 4-lane main rural highways for all
types of vehicles, day and night

Persons
Travel speed Vehicle-miles Vehicle Property damage
involvements
Injured Killed
DAY

Cumu- Per 100 Per 100 Per 100
Lative involve- involve- ’ involve-

M.p.h. Number Percent| percent | Number] Rated |Number] Rafe3 | menis |Number] Ruated | ments | Amount Raite 3 menis
Standing.ce | covcmmcmoccna | comnen | e 1158 | cooeee 20 | cmeeeo 117 1} [O)] $32,750 | oo $28, 000
22 or less....- 324,000 | ccore | —mome 398 122,840 112 34, 568 28 6 102, 650 | $31, 682, 000 26, 000
5,073, 000 0.5 0.5 100 1,97 30 591 30 2 112 12 29, 250 5717, 000 20, 000

11, 767, 000 1.1 1.6 78 663 25 1212 | 132 | ... 25, 650 218, 000 33, 000

66, 775, 000 6.4 8.0 138 210 30 46 22 2 46, 900 71,000 34, 000

131, 266, 000 12.8 20.8 180 137 73 56 41 2 80, 750 46, 000 34, 000

288, 847, 000 27.9 48.7 253 & 108 38 43 6 12 12 82,150 29, 000 32,000

213, 094, 000 20,7 69,4 227 107 | 111 52 49 2 77, 850 87,000 | 34,000

178, 578, 000 17.3 88.7 81 45 49 27 [ 2 30, 800 17, 000 38, 000

123, 569, 000 12.0 98.7 41 3 25 1201 161 4 13 18 16,300 13,000 | 40,000

13, 034, 000 1,3 | 100.0 20 1153 32 246 160 4 11, 500 88, 000 | 1 58, 000

TOTAL. acuun 1, 020, 347, 000 100.0 | —ooao 1,631 158 616 60 38 31 3 2 518, 550 50, 000 32, 000

NIGHT

......................... [ T [ 18 ceeeew | 110 2 ——— ® $25,150 | _eaooe-. | $27,000

203, 000 0.1 0.1 176 | 86,700 46 22, 660 26 1 41,050 | $20,222,000 | 23,000

1,643, 0600 .5 .6 74 4,504 14 18521 119 1 17,450 1,062,000 | 24,000

2, 655, 000 .8 14 82 3,089 24 1904 | 129 | ... 21, 3560 804,000 | 26,000

18, 872, 000 5.6 7.0 147 779 45 238 31 3 14 11 50, 350 267, 000 34, 000

44, 808, 000 13.2 20.2 190 424 87 194 46 | aeeoa- 64, 500 144, 000 34, 000

48520 e 121, 412, 000 35.9 56,1 160 156 76 63 40 2 65, 750 54, 000 35, 000
53-57. 75,128, 000 22.2 78.8 172 229 55 73 32 3 56, 100 75, 000 33,000
35, 485, 000 10.5 88.8 73 206 44 124 60 | ceeecn 28, 650 76,000 | 37,000

34, 270, 000 10.1 98,9 38 111 41 120 | 108 5 115 18 16, 850 49, 000 44, 000

3,801, 000 L1 | 100.0 29 1745 39 1,002 | 134 i1 14, 950 384,000 | 1 52,000

TOTAL.uoeo- 338,368,000 | 100.0 | —oeue- 1,264 374 | 489 145 39 23 7 2 399, 950 118,000 | 32,000

1 Rate based on 10-29 accident involvements.
% Less than 10 accident involvements, rate not computed.

3 Rate is the number of involvements, persons injured, parsons killed, or amount, of property damage per 100 million vehicle miles.
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The involvement, injury, and property damage  at speeds of more than 50 miles per hour, the rates
rates for both 2- and 4-lane highways were lowest  were generally much lower for the 4-lane highways.
at moderately high speeds and highest at the very =~ At speeds of more than 72 miles per hour, the dif-
low speeds. These findings applied for both day  ference again decreased, and, in some cases, a
and night conditions. At speeds of less than 22  reversal in pattern of date was shown. Little
miles per hour, the rates were four to five times as  difference existed between the two highway types
great on 2-lane highways as on 4-lane highways.  in the number of persons injured or in the amount
As speeds increased, the differences in Tates be-  of property damage per 100 involvements. But a
tween the two types of highways decreased; and  statistically significant difference was noted ab
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Figure 6.—Involvement rate by travel speed and average speed on study sections on 2- and 4-lane highways, day.
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speeds of more than 72 miles per hour, when the
number of persons injured per 100 involvements
was 51 to 76 percent greater on 4-lane highways
than on 2-lane highways,

Speeds on Individual Study Sections

The analyses presented so far were made from
the combination of data for the different study
sections. The question may well be asked: How
does the average speed of travel along an indi-
vidual study section affect the relation between
speed and accidents? Detailed study of the data
for the 35 study sections showed that the general
patterns were the same regardless of average
speeds on the 35 rural highway sections. The
principal difference among sections appeared to be
the speed at which the involvement rate was a
-minimum. This minimum point was dependent
on the average speed of the individual study sec-
tion. The highest involvement rate was at the
very low speeds regardless of whether the section
was a 2- or 4-lane highway or whether the average
speed was low or high. The lowest involvement
rate was at or slightly above the average speed
on the study section. These results are shown in
figure 6 for daytime conditions. The study
sections are grouped so that average travel speeds
are about the same in each group. The curves for
night driving were similar, although the involve-
ment rates were greater.

Table 8 contains s summary showing the rela-
tion between average speed of study sections and
the speed at which the involvement rate was at a
minimum. The involvement rate was minimum
at a speed that was usually 5 or 10 miles per hour
more than the average speed on the study sections.
Table § data also show that on 2-lane sections the
overall involvement rate decreased as average
speed increased; on 4-lane sections, the reverse
was true. These results should be interpreted
with caution, however, because there may be
other differences between the groups of study sec-
tions. TFor example, the highways having the
lower average speeds also had more intersections
and business driveways per mile of highway com-
pared to highways on which the average speeds
were higher. Other studies have shown that the
presence of intersections and roadside businesses
are associated with a large number of accidents.

Close inspection of figure 6 shows that both 2-
and 4-lane highways on which the average speeds
were in the 55—60 miles per hour group had slightly
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Table 8——Speed when involvement rate was a minimum
by average speed of study sections, day and night

Speed when
accident-in-
volvement rate
was a minimum

Overall acei-
dent-involve-
ment rate
Average speed on study sections

Day | Night | Day | Night

2-lane seetions:

Less than 45 oo m.p.h..| 50 50 280 608

45-50 m.p.h_- &0 40 320 587

BO0-55 oo cme ] mp.h..| 56 55 192 296

55 OF TEOTE..o e acmemc e mp.h..| 68 68 182 370
4-lane sections:

Less than 86 . cccmeeeee..mpho_| 60 60 138 201

55 OF TIOTB . - e oo m,p,h..| 68 68 156 470

higher involvement rates at the lower speeds than
the other average speed groups. However, if the
curves werereplotted on the basis of variation from
average speeds, these differences would disappear
or be reversed. Thus, it is clear that regardless
of the average speed on a main rural highway, the
greater the driver’s variation from this average
speed, the greater his chance of being involved in
an accident. To show this relation most clearly,
the involvement rate at each speed for each study
section was related to the variation from average
speed on a study section. If, for example, the
average speed on a study section were 50 miles
per hour, accidents occurring at a speed of 60 miles
per hour would be noted as occurring at a variation
from average speed of +10 miles per hour. Re-
sults of such computations have been summarized
in figure 7 for both day and night travel. The
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Figure 7.—Involvement rate by wvariation from
average speed on study section, day and night.



lowest involvement rate occurred at the average
speed or slightly above it. As speeds departed
from the average speed in either direction, the
_ involvement rate increased in a nearly symmetri-
cal fashion. The patterns evident in figures 6 and
7 strongly suggest that a reduction in the varia-
tion in speeds among drivers can reduce accidents
substantially.

Speed Difference Between Pairs of Vehicles

One type of accident particularly related to
speed difference is the rear-end collision, and this
type of accident was therefore given special study.
To provide a homogeneous sample, only rear-end
collisions that involved two passenger cars were
investigated. The speed difference is, of course,
the difference between the normal travel speeds
of the two colliding vehicles. If, prior to the
accident, the lead car was traveling at 50 miles
per hour and the rear car at 70 miles per hour,
the speed difference would be 20 miles per hour.

The solid curve in figure 8 shows that 53 per-
cent of the two-car, rear-end collisions involved
drivers who were traveling at a speed difference
of less than 20 miles per hour. A much higher
percentage of pairs of vehicles in normal highway
traffic, 93 percent, traveled at a speed difference
of less than 20 miles per hour, as shown by the
dashed curve in figure 8 that represents normal
traffic. As the speed difference increased beyond
20 miles per hour, the proportional difference
between accident-involved vehicles and normal
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Figure 8, —Speed difference between passenger cars
involved in two-car, rear-end collisions com-~
pared with normal traffic, day and night
combined.

highway traffic increased at an accelerating rate.
For example, 32 percent of accident-involved
vehicle pairs were traveling at a speed difference
of more than 30 miles per hour, but less than 1
percent of normal highway traffic exceeded this
speed difference.

In summary, passenger car drivers involved in
rear-end collisions were more likely to have been
traveling at a speed difference much greater than
that for pairs of vehicles in normal traffic. This
analysis, as in the preceding sections, indicates
that a reduction in the variability of speeds can
be an important element in accident reduction.
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Part IV.—INVOLVEMENTS RELATED TO DRIVER CHARACTERISTICS

Other characteristics of drivers and their vehi-
cles related to accident-involvement rates were
investigated, including sex, age, military status,
and residence of the driver. In addition, the type
of vehicle; and the body style, age, and horse-
power of passenger cars were studied. These
relationships are discussed in the following para-

graphs.

Travel Speed Related to Driver
Characteristics

The extremely high accident-involvement rate
that was associated with speeds slower than 35
miles per hour raises the question as to whether
other characteristics of the driver or vehicle were
involved. One of the more obvious comparisons
would relate travel speed to age of the driver.
If older drivers, for example, tended to drive at
the slower speeds, then the high accident-involve-
ment rate at lower speeds might properly be
ascribed to older drivers rather than to the slow
speed of travel. Accordingly, a two-way break-
down of involvement rate by both travel speed
and age of driver was developed for both day and
night conditions.

As data in table 9 show, the involvement rate at
travel speeds below 33 miles per hour was the
highest for any higher speed group regardless of
the driver’s age or whether day or night conditions

were involved. In fact at speeds less than 33
miles per hour, the involvement rate was at least
six times as great as for any higher speed group.
The minimum involvement rate for each age group
occurred consistently at speeds slightly above 60
miles per hour during the day and slightly below
60 miles per hour at night. Because travel speeds
of more than 62 miles per hour were grouped, the
slight upward trend in the day involvement rate
for the group of highest speed is not always evident
in table 9, but it shows clearly in figure 2.

The relation of travel speed to accident involve-
ment was not affected by the sex of the driver,
as shown in table 10. Comparisons of travel
speed by membership in the Armed Forces shown
in table 11; by residence shown in table 12; by
vehicle type shown in table 13; by horsepower
shown in table 14; by body style shown in table
15; and by vehicle age shown in table 16; all
indicate that by far the highest involvement rate
occurred at speeds below 33 miles per hour. The
data in these tables also show that the involve-
ment rate generally decreased as speed was in-
creased up to about 62 miles per hour; beyond this
speed, the involvement rate tended to level off
during the day and to increase at night. How-
ever, it should be pointed out that during the day,
on the average, the involvement rate increased
slightly at speeds higher than 70 miles per hour,

Table 9.—Invelvement rate by travel speed and age of driver, day and night

Day

Night

Travel speed, m.p.h.

Accident-involveraent rate by age of driver

Accident-involvement rate by age of driver

Under 20 20-24 2544 45-64 65 or older|| Under 20 20-24 25-44 45-64 65 or older
14,909 10,408 4,017 5,273 9,407 9,048 5,246 5,935 5,011 21,235
608 440 246 237 415 1,067 830 459 457 1849
400 282 121 111 185 833 694 252 220 1277
387 244 96 82 132 543 588 198 170 . (23
341 200 73 61 1122 1,238 914 2717 1115 @

1 Rate based on 10-29 nccident involvements.
2Less than 10 accident involvements; rate not computed.

18



1300

@ Rote=
\ T 1785
1,200 1 :
| /"
1,100 T
1000 > ¥ //
v
900 ‘ \ /-
i\
800 ‘ " /
2 R /
= A /
L 700 )
: 1
s \ \ x
% 600 ‘ ;" /é\,é“
o
= \ Y8 v 77
AT i
400 O \\ @v\,//l
N Y|
300 \X )
200 N
100 e
0

10 20 30 40 50 60 70
AGE OF DRIVER, YEARS

Figure 9.—Involvément rate by sex and age of
passenger-car driver, day and night.

as shown in figure 2, but grouping of the data
above 62 miles per hour in the tables has masked
the effect.

Sex of Driver

Male drivers accounted for nearly all travel on
the main rural highways included in the study;
about 87 percent during the day and 93 percent
at night. Thus it is not surprising that the large
majority of all drivers involved in accidents were
males. On the basis of accident-involvement rate,
however, there was much less difference between
the two sexes.

Considering the drivers of all types of vehicles
during the day, the accident-involvement rate
was 210 for males and 247 for females, as shown
in table 17. At night, the difference was much
greater; the accident-invelvement rate for males

731-069—64-—4
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Figure 10.—Involvement rate by residence
of driver, day and night.

was 419 and for females 579. However, at night
the predominantly male truckdrivers had an ex-
ceptionally low involvement rate. Therefore, a
more meaningful comparison would be based on
drivers of passenger cars only, because very few
females drive trucks. This comparison is also
shown in table 17. During the day, the difference
in rate between the sexes remained about the
same. However, at night, the accident-involve-
ment rate for male and female drivers of passenger
cars was nearly identical.

Additional data on differences between the sexes
as related to travel speed and involvement rate
are shown in table 10. During the day, females
have a higher accident-involvement rate than
males at all travel speeds except the very highest
ones shown in table 10. This was also true at
night. But it is emphasized that these data
apply to drivers of all types of vehicles; at night,
if male drivers of trucks were eliminated, the rate
for males would approach that of female drivers.

Table 18 shows the relationship between the
sex of drivers and the horsepower of the passenger
cars they were driving. Because this table applies
to passenger cars only, it permits a more reason-
able comparison between the two sexes. During
the day, females had a slightly higher accident-
involvement rate at each of the three horsepower
groupings. At night, females had a higher acei-
dent-involvement rate when driving cars having
less than 110 horsepower. For the higher horse-
power groupings, the involvement rates at night
were nearly identical for the two sexes.

Driver Age

Both very young and very old drivers had
higher involvement rates than drivers in the
middle age: groups. The exact pattern varied
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Table 10.—Involvement rate by travel speed and sex of
driver for all types of vehicles, day and night

Table 14.—Involvement rate by travel speed and
horsepower of passenger car, day and night

Day Night Day Night
Accident- Accident- Accident-involvement || Accident-involvement
Travel speed, m.p.h. involvement involvement Travel speed, rate by horsepower of rate by horsepower of
rate by sex rate by sex m.p.h. passenger car passenger car
of driver of driver

110or 1111-170| 171 or || 110 or [111-170| 171 or

Male Female Male Female less more less more

32 or lower. ... 5,048 7,077 5, 881 7,345 32o0rless...o. ... 8,274 | 5,084 { 5590 | 10,220 | 3,530 | 2,536
33-42___. 278 309 524 598 33-42__ . 342 237 220 908 476 353
43-52. . 142 168 293 455 43-5 . 189 136 107 608 385 276
it B 114 142 255 299 53-62.__ ... e 168 94 113 584 280 229
63 or higher.cceeeo oo 93 67 407 1186 63 or more.___... 140 65 66 854 340 200

L Rate based on 10-29 aceident involvements.

Table 11.—Involvement rate by travel speed by military
status of driver, day and night

Day Night
Accident- Accident-
§ involvement rate involvement rate
Travel speed, m.p.h. by military by military
status of status of
driver driver
Member | Non- Member{ Non-
member member
32 ar lower 17, 476 5, 842 8§, 157 5, 982
1325 281 759 520
307 138 839 278
336 107 861 227
357 85 1,452 310

1 Rate based on 10-29 accident involvemonts.

Table 12.—Involvement rate by travel speed and residence
of driver, day and night

Day Night
Accident-involvement Accident-involvement
Travel speed, rate by rate by
m.p.h. residence of driver residence of driver

Study { Other, | Out-of-{| Study | Other, | Qut-of-
county lin State| State || county lin State] State

32 or lower_.__... 0,119 | 4,733 | 4,238 || 10,902 | 5,054 | 3,231
3342 360 230 286 1,458 380 383
187 135 142 702 224 245
1563 105 114 524 207 170
118 68 141 T8 248 453

Table 13.—Involvement rate by travel speed and vehicle
type, day and night

Day Night

Aceident-involvement || Accident-involvement
rate by type of vehicle || rate hy type of vehicle
Travel speed,

m.p.h.

Passenger | Truck, 6 Passenger | Truck, 6
car and or more car and or more
truck, 4 tires, and truck, 4 tires, and

tires bus tires bus
6, 607 3,821 6, 581 3, 623
285 250 627 2
150 106 438 112
125 131 360 119
95 ) 415 @

1 Rate based on 10-29 aceident involvements,
2 Legs than 10 aceident involvements; rate not computed.
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with both sex of driver and day or night conditions.
Figure 9, which is based on data for passenger
car drivers only, shows that during the day male
drivers under 20 had the highest accident-involve-
ment rate of any age group. Male drivers between
30 and 60 years of age had a uniformly low
involvement rate, which was less than one-third
as large as the rate for the group under 20. Be-
yond age 60, the rate increased again. The pat-
tern for female drivers was similar, except that

female drivers more than 70 years of age rather

than teenage female drivers had the highest
accident-involvement rate.

At night, the accident rate was about twice as
high as during the day. The pattern of involve-
ment rate by age of driver was very similar to the
day rate in that those under the age of 20 and
over the age of 60 had the highest involvement
rate. However, at night, teenage female drivers
had a higher aceident-involvement rate than
teenage male drivers.

If the involvement rate for drivers more than
65 years of age is about as high as for drivers 20
to 24 (assuming the same relationships for all
classes of highways), why are insurance rates
higher for younger drivers than for middle-aged
drivers, but generally are not higher for older
drivers. Thereason is very simple. Older drivers
generally drive much less than the younger ones,
particularly at night and, therefore, although
their accident-involvement rate is the same, they
have only one-half to one-third the number of
accidents compared to the younger drivers.
Hence, correspondingly lower damage claims need
to be paid for the older drivers and insurance
rates can be lower.

Females under age 25 had about as high an ac-
cident-involvement rate as males under 25,
Again the question may be asked, why are in-
surance rates for younger males very high but not



Table 15.—Involvement rate by travel speed and body siyle of passenger car, day and night

Travel speed, nx.p.h.

Day

Night

Accident-involvement rate by body style of passenger car

Accident-involvement rate by body style of passenger car

2-door sedan4-door sedan| Soft-top Hardtop Station  |{2-door sedan|4-door sedan| Soft-top Hardtop Station
convertible wagon convertible wagon
32 or less - 7,863 6,023 9, 663 11,986 { 6, 969 12,474 5, 645 11, 963 ) 11,024
33-42_ 323 255 12 1104 | 167 772 524 1735 1913 1213
43-52_ .. 189 131 216 50 128 611 352 896 1114 300
53-62.__ 169 122 157 54 61 544 379 886 160 171
63 or more 147 110 1102 &) 104 793 407 1414 1133 &)

1 Rate based on 10-29 accident involvements.
2 Less than 10 accident involvements; rate not computed.

Table 16.—Involvement rate by travel speed and age of passenger car, day and night

Travel speed, m.p.h.,

Day

Night

Accident-involvement rate by age of passenger car, years

Accident-involvement rate by age of passenger cur, years

Less than 3 3-5.9 6-9.9 10 or more Lesg than 3 3-5.9 6-9.9 10 or more
32 0rless. oo 7,477 8,033 T, 413 6,570 5,332 5,012 6, 957 16,912
33-42_ e 320 303 330 303 462 (89 806 1,463
4382 il 138 152 176 213 431 440 473 481
53-62.._.. 119 118 140 238 336 356 468 519
63 0r MOre_ . oo 89 88 118 ] 318 410 770 11,107
1 Rate based on 10-28 aceident involvements.
? Less than 10 accident involvements; rate not computed.
Table 17.—Involvement rate by sex of driver for all vehicles and passenger cars only, day and night
All vehicles Passenger cars only
Sex of driver Day Night Day Night
Vehicle-miles | Involvements | Vehicle-miles| Involvements Vehicle-miles Involvements |[Vehicle-miles| Involvements
Number | Rate Number | Rate Number | Rate Number | Rale
Male.._.._..__. 2,407, 469, 000 5,065 210 | 832, 715, 000 3,487 419 1,828, 333,000 3, 654 200 474, 461, 000 2,742 578
Female ... 371, 193, 600 918 247 59, 797, 000 346 579 357, 920, 000 880 246 55, 964, 000 332 593
TOTAL e 2, 778, 664, 000 5,083 215 | 892, 512, GO0 3,833 428 2, 186, 262, 000 4, 534 207 530, 425, 000 3,074 580

for younger females?

is shown by data in table19.

As in the case of older
males, the teenage females do much less driving
than teennge males particularly at night, and
therefore, although their accident-involvement
rates are as high as for the younger males, the num-
ber of accidents for younger females are only a
fraction as large.

A comparison of drivers’ age by military status

As with the popula-

tion generally, younger drivers among the military
had much higher accident-involvement rates than
There were few military drivers
beyond the age of 45 so it is not possible to make
rate comparisons for this age group among the

older drivers.

military.

It may be suggested that younger drivers had
higher involvement rates because they had older
cars that are more likely to be involved in acci-
dents. However, from data in table 20, it may
be seen that drivers under 20 generally had the
highest involvement rate of any age group during
both day and night regardless of the age of the
passenger car they were driving. In addition,
during the day, drivers more than 65 years of age
had higher involvement rates than drivers 2544
years of age regardless of the age of the vehicle.
At night, o similar relationship was evident,
although the sample size was small.

Data in table 21 show that, in general, the
relation between drivers’ age and involvement rate

21



Table 18+—Involvement rate by horsepower of passenger
car and sex of driver, day and night

Day Night
Accident- Accident-
Forsepower of passenger involvement involvement
car rate by sex rate by sex
of driver of driver
Male Female Male Female
110 0T 1e8S o comm oo 207 351 809 1,040
7 152 187 426 411
171 OT MOTC e eemm e 133 173 287 208

Table 19.—Involvement rate by driver’s age and military
status of driver, all vehicles, day and night

Day Night

Accident-involvement
rate by drivers”

Accident-involvement

Driver’s age, rate by drivers’

years military status military status
Member Naon- Member Non-
member member
1,133 510 1,569 801
653 327 1,532 675
396 209 755 457
218 155 460 203
1205 179 (&3] 331
(O] 383 2) B47

1 Rate based on 10-29 aceident involvements.
2 Less than 10 accident involvements; rate not compnted.

was consistent regardless of body style. In some
cases, however, the small sample size caused
inconsistencies in the results.

Military Status

Members of the Armed Forces had accident-
involvement rates at least twice as great as non-
members during both day and night. It has
been noted earlier, however, that younger drivers
had higher involvement rates than other drivers.
Most military drivers were in the younger age
groups, and it may be suggested that their higher
accident-involvement rate is associated with their
youth rather than with their military status.
Data in table 19 show, however, that for each of
the age groups, members of the Armed Forces had
involvement rates about twice as great as non-
members. Beyond age 30, the difference in in-
volvement rate between military drivers and other
drivers diminished somewhat, but military drivers
had a higher involvement rate for each age group
during both day and night.

Military drivers had substantially higher in-
volvement rates than nonmilitary drivers re-

Table 20.—Involvement rate by driver's age and passenger car age, day and night

Day Night
Driver's age, years Accident-involvement rate by passenger car age, Accident-involvement rate by passenger car age,

years years

Under 3 3-5.9 6-9.9 10 or clder Under3 3-5.9 6-9.9 10 or older

Under 20, oo ecae e 409 b4l 587 763 848 1,124 962 1,639
20-24 372 376 401 376 726 782 1,284 1,651
2544 . 161 175 182 206 444 482 503 980
45-64. - 148 165 222 321 350 475 566 877
65 0r Oldera o ae e 287 294 404 682 1512 1484 11,004 12,716

1 Rate based on 10-29 accident involvements.

Table 21.—Involvement rate by age of driver and body style of passenger car, day and night
Day “ Night
Driver’s age, years Accident-involvement rate by body style of passenger car Accident-involvement rate by body style of passenger car
2-door 4-door Soft-top Hardtop Station 2-door 4-door Soft-to Hardtop Station
Sedan Sedan convertible wagon sedan sedan convertible wagon
TUnder 20 695 491 1404 2172 1333 1,351 765 1929 [©)] [©)]
20-24 420 379 437 1113 1208 1,405 806 1,402 1189 1209
25-44... - 205 154 196 68 97 656 423 788 83 203
45-64 .. 217 1E6 1141 139 132 573 417 () 1131 1128
65 or older 521 321 @] @ 1197 1677 1661 ® @ ©]

! Rate based on 10-29 accident involvements,
2 Yesg than 10 accident involvements; rate not computed,

22



gardless of the speed of travel, as shown in table 11.
The difference was particularly great at travel
gpeeds of more than 52 miles per hour, when
members of the Armed Forces had involvement
rates three to four times as great as nonmembers.

Comparing military status with the horsepower
of the car driven, as shown in table 22, for both
day and night driving, members of the Armed
Forces had an involvement rate much greater
than nonmembers. The difference was greatest
in the lowest horsepower group and least in the
highest horsepower group. No reason can be
given for the generally higher accident-involve-
ment rate of military drivers. Such a determina-
tion is beyond the scope of the study reported here.

Residence of Driver

It has been suggested that out-of-State drivers
have higher accident-involvement rates than local
drivers. The data gathered in the study discussed
here do not support such a conclusion. In fact,
as data shown in table 23 and figure 10 indicate,
the day involvement rate for local drivers; that is,

Table 22.—Involvement rate by horsepower of passenger
car and by military status of driver, day and night

Day Night

Horsepower of Accident-involvement (| Accident-involvement

drivers residing within the county where the study
site was located, had involvement rates nearly
twice as great as drivers residing in other counties
of the State or out-of-State. At night, local
drivers had involvement rates more than two and
one-half times those of other drivers. It might
be suggested that local drivers had higher involve-
ment rates because they drove at slower speeds.
However, the data gathered refute this conclusion.
Involvement rates by travel speed and residence
of driver are compared in table 12 and, for all
comparisons except one, local drivers had involve-
ment rates substantially greater than other drivers,
regardless of travel speed and day or night travel.
At the different speeds there were only moderate
differences in involvement rates between out-of-
State drivers and drivers from within the State
but not residing in the county where the study
section was located. Horsepower of passenger
cars also did not affect the high involvement rate
of local drivers. As shown in table 24, local
drivers had the highest involvement rate, day and
night, regardless of horsepower.,

Table 24.—Involvement rate by horsepower of passenger
car and residence of driver, day and night

Day Night

Accident-inyolvement
rate by residence of

Accident-involvement

Horsepower of rate by residence of

passenger car rate by drivers’ military ||rate by drivers! military passenger car driver driver
status status
Study | Other, | Out-of- || Study | Other, | OQut-of-
Member | Nonmember || Member | Nonmember county Jin State| State || county |in State| State
710 200 1,963 823 110 or Jess_nmeneon 514 238 297 1,710 625 099
352 150 742, 402 IM-170 e 270 133 167 824 285 365
229 140 432 276 171 or more. .- 209 110 . 159 4563 232 265

Table 23.—Vehicle-miles, number of involvements, and involvement rate by residence of driver, day and night.

Da Night
Residence of driver v &
Vehicle-miles | Accident Involvements Vehicle-miles | Accident Involvements

Number Rate Number Rate
Study COUNEY oo 686, 385, 000 2,162 315 181, 168, 000 1,543 852
Other counties in State.._.._.. 1,301, 785,000 2,331 179 437, 498, 000 1,422 325
Out-of-State 790,494, 000 1,490 188 273, 847, 000 868 317
TOTAL e e e 2,778, 664, 000 5,983 215 892, 512, 000 3,833 429
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Part V.—ACCIDENT INVOLVEMENT AND VEHICLE CHARACTERISTICS

Table 25 and figure 11 data show that during the
day, the accident-involvement rate by vehicle type
was nearly the same for the four prineipal types of
vehicles. At night, however, the situation changed
radically. The involvement rate for passenger
cars was higher than for any other type of vehicle;
it was 46 percent higher than for trucks having 4
tires, such as panels and pickups, and 254 percent
higher than for trucks having 6 or more tires,
including combinations.

Travel speeds of the different types of vehicles
varied. Trucks with 6 or more tires traveled 3 to
8 miles per hour slower than other vehicle groups
and, therefore, a comparison of vehicle type by
travel speed could conceivably change the rela-
tionships. However, as shown in table 13, the
involvement rates for passenger-type vehicles, in-
cluding trucks having 4 tires, was higher than for
trucks having 6 or more tires and for buses at all
speeds during both day and night.

Body Style

During the day, the two-door sedan had the
highest accident-involvement rate of any of the
major body styles, but at night the convertible had
the highest rate. The hardtop had the lowest
rate of any major body style (fig. 15). These
data should be interpreted with caution, howerver,
because the age of the vehicle also had a substan-
tial effect on involvement rate, and the average

ages of cars having different types of body styles
are probably different. Because the data were not
subdivided by body style and age of vehicle, this
comparison cannot be developed.

Age of Passenger Car

As the age of passenger cars increased, the acci-
dent-involvement rate also increased, as shown in
table 26. The rates calculated for cars under 1
year old were unreliable, because of the expansion
procedure emploved, and are not shown.

It might be suggested that older vehicles were
driven at a slower travel speed and thereby af-
fected the accident-involvement rate because at
slower speeds, vehicles have mueh higher aceident-
involvement rates. The data, as shown in table
16, support this hypothesis only during the day at
speeds below 42 miles per hour. They do not
support the hypothesis at any higher speed or at
night. During the day, there was little difference
in accident-involvement rate at speeds below 42
miles per hour regardless of the age of passenger
car. At higher speeds, the involvement rate in-
creased directly with age of the car. At night,
the involvement rate increased with vehicle age at
all speed ranges studied.

It might also be suggested that older vehicles
had higher involvement rates because of their
lower horsepower and poor acceleration capability.
Data shown in table 27 tend to support this

Table 25.—Vehicle-miles, number of involvements, and invelvement rate by type of vehicle, day and night

Da Night
Type of vehiele ¥ ¢
Vehicle-miles | Accident Involvements "ebicle-miles | Accident Involvemnents
|
Number Pate Numher Pate
Passenger ear. o oococinna. 2,188, 262,000 4,534 207 530,425,000 3.07¢ A0
Truck, 4 tires.. ... - 199, 765,000 562 281 59,942,000 239 348
Truck, 6 or more tire - 374, 552,000 780 208 263,198,000 482 164
Bus. e - 17,273,000 46 266 8,437,000 10 119
Other and not known ___.....-. 812,000 €1 Q) 460, 000 28 @
TOTAL e i 2,778, 664,000 3,083 215 842, 512, 000 3.833 420

! Rate ealculations not meaningful.
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hypothesis. During the day, there was a tend-
ency for the involvement rate to increase as cars
having 110 horsepower or less became older. For
groups of cars having horsepowers greater than
110, however, the involvement rate remained rea-
sonably constant as vehicle age increased. At
night there was no consistent linear trend relating
accident-involvement rate to age of passenger car
for any of the horsepower groups. However,
where adequate data permitted comparisons, ve-
hicles older than 10 years had a higher involve-
ment rate than any of the newer vehicles, regard-
less of horsepower.

Another factor that might have been related to
the higher involvement rate for older cars is the
driver’s age, as younger drivers who had higher
involvement rates also drove older cars. As shown
in table 20, generally the involvement rate for day
or night increased with age of passenger car regard-
less of the age of the driver.

Horsepower

It has frequently been suggested that high horse-
power is an important factor in accidents. The
data collected in the study discussed here do not
gupport such a contention. The highest involve-
ment rate for both day and night occurred at the
lowest horsepower of 110 or less, as shown in figure
12 and table 28. Among the higher horsepower

TYPE OF VEHICLE
[ ]PASSENGER CAR
“7Z-] TRUCK WITH 4 TIRES

DAY TRUCK WITH & TIRES
OR MORE

FiElsus

L 1 [l il —1 i 1
o] 100 200 300 400 500 8OO 700
INVOLVEMENT RATE

Figure 11.—Involvement rate by type of
vehicle, day and night.

groups there was very little difference in involve-
ment rate in relation to increasing horsepower.

It has been suggested that low horsepower
cars are driven at slower speeds and that this factor
could possibly have accounted for the higher
accident-involvement rate of low horsepower cars.
However, table 14 data indicate that passenger
cars having 110 horsepower or less had the highest
involvement rates of any of the three horsepower
groups, regardless of travel speed, for both day and
night. The horsepower as employed here is gross
horsepower or advertised horsepower and is the
horsepower rating of the engine on a block; that is,

Table 26.—Vehicle-miles, number of involvements, and involvement rate by age of passenger car, day and night

Day Night
Age of passenger car
Vehicle-miles | Accident involvements Vehicle-miles [ Accident invelvements

Number Rate Number Rate
1-1, 456, 480, 000 735 161 101, 522,000 441 434
2-2, 379, 764,000 616 162 84, 634,000 367 434
3-3. 277, 614, 000 535 193 63, 899, 000 316 494
44, 211, 779, 000 453 214 52,323,000 313 598
58, 199, 689, 000 471 236 52,282,000 317 €06
[ (PRI, 166, 702, 000 418 251 45,823,000 323 70
T=T 0 eme - 135, 795,000 369 272 37, 676,000 281 746
8-8.9...- - 93, 406, 000 266 285 25, 605, 000 201 782
90.0___--n - 51,742,000 155 300 14,821,000 119 831
10orolder . oo 86, 587, 000 343 396 24, 993,000 297 1,188

Table 27.—Involvement rate by horsepower

and age of passenger car, day and night

Day Night
Horsepower of passenger car Accident-involvement rate by passenger car age, years Accident-involvement rate by passenger car age, years
Less than 3 3-5.9 6-9.8 10 or older Less than 3 3-5.9 6-9.9 10 or older
less... - 261 255 201 396 938 735 815 1,210
ﬁ(ljgl:io??i 161 158 157 1172 433 421 481 2]
171 or mo! 163 149 1239 &) 374 257 ® )

1 Rate based on 10-29 accident involvements.
3 Tess than 10 accident involvements; rate not computed.
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Table 28— Vehicle~miles, number of involvements, invelvement rate by horsepower, day and night

Day Night
Horsepower of vehicle
Vehicle-miles Involvements Vehicle-miles Involvements

Nymber B 0, 486, 000 N%@;Jgr Rgaztf

110 07 JOWer - o emm e 783, 896, 000 2,416 308 200, 486, ,
lll—lgﬂ o 422, 365, 000 689 163 47,712, 000 483 494
131-170 394, 534,000 603 153 101, 048, 000 368 364
171-925 387, 366, 000 568 144 89, 939, 000 231 257
226300 v o 199, 553, 000 261 137 38, 726, 000 140 352
301 OF MIOreuec e oo mm e 7, 548, 000 7 93 1, 514, 000 6 398
TOTAL 2, 186, 262, 000 4,534 207 530, 425, 000 3,074 580

Table 29.—Involvement rate by driver’s age and horsepower of passenger car, day and night

Day

Night

Horsepower of
passenger car

Accident-involvement rate by driver’s age, years

Accident-involvement rate by driver’s age, years

TUnder 20 20-24 25-44 45~64

65 or older [{ Under 20 20-24 25-44 45-65 65 or older

442
324
237

228
126
124

248
128
127

110 OF 1858 mmmwcmmemancan
111-170
171 or more.

688
360
344

742
372
280

777
343
226

554
248
213

1,189
010
1563

1,316
635
418

1 Rate hased on 10-29 accident involvements.
2 Less than 10 accident involvements; rate not computed.

disconnected from any equipment. Although net
horsepower—the power available to the wheels—
would have been a better measure to use, it was
not possible to determine net horsepower for this
study.

It might also be suggested that low horsepower
cars tended to be older, and the high involvement
rate was associated with the age of the vehicle
rather than low horsepower, but table 27 data
show very clearly that passenger cars having 110
horsepower or less had the highest rates regardless
of vehicle age for both day and night. In general,
the involvement rate for passenger cars having
less than 110 horsepower was about twice as great
as for any group having higher horsepower.

Tt might also be thought that low horsepower
cars are more likely to be driven by either very
young or older drivers who have high involvement
rates. However, table 29 data indicate that the
age of the driver does not have any substantial
modifying effect on the relationship between acci-
dent-involvement rate and horsepower.
day and night and each age group, with only two
exceptions, drivers of cars having 110 horsepower
or less had about twice the involvement rate of the
other two horsepower groups. Data on sex and
military status also had similar patterns of rela-
tionship, as shown in tables 18 and 22. For each
of the comparisons, drivers of cars having 110
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Figure 12.—Involvement rate by horse-
power of passenger car, day and night.

horsepower or less had the highest accident-in-
volvement rates.

‘When the residences of drivers were compared
as shown in table 24, drivers of cars in the lowest
horsepower group again had the highest accident-
involvement rate. This was true for both day
and night and, in general, when the horsepower
of the cars was 110 or less, the accident-involve-
ment rate was about twice as great as for drivers
of any other group of cars of higher horsepower.
Data in table 80 show that this high accident
rate for drivers of cars in the lowest horsepower
group was not affected by the body style of the
car or by day and night conditions. One excep-
tion was noted ; a slightly higher accident-involve-
ment rate occurred at night for drivers of hardtops
having a horsepower of 171 or more compared to



Table 30.—Involvement rate by horsepower and body style of passenger car, day and night

Horsepower of

Day

Night

Aceident.nvolvement rate by body style of passenger
car

Accident-involvement rate by body style of passenger}
ear

2-door 4-door Soft-top Hardtop Station 2-door 4-door Soft-to Hardtop Station
sedan sedan convertible wagon sedan sedan convertible wagon
1300rless.cmveuwnecamaen 355 257 324 199 166 1,173 704 1,468 1127 348
111-170. .. . - 175 162 210 68 118 518 397 77 1103 312
171 or more 192 156 196 59 79 387 288 1604 147 196
1 Rate based on 10-20 accident involvements.
Table 31.—Involvement, injury, fatality, and property damage rates by price of car, day and night
Persons
QCar Vehicle-miles . Accident ) Property damage
involvements Injured Killed
DAY
Per 100 Per 100 Per 100
Per~- | Num- Num- {nvolve-| Num- involve- involoe-
Number cent ber Rate3 ber Ruate3 | ments ber Rated | ments | Amount Rate 3 ments
Smalld e 33, 236,000 1.5 79 238 44 132 56 § ) * §26,167 | $79,000 { $33,000
Low-priced 5..__ 1, 145,772,000 52.4 | 2,467 216 1,029 90 42 54 5 2 774,230 68,000 | 381,000
Medium-priced & 812, 680, 000 37.21 1,501 196 644 79 41 28 13 12 531,004 65,000 | 33,000
High-priced 7...- 184, 574,000 8.9 397 204 146 75 37 13 L7 13 142, 449 73,000 | 36,000
TOTAL . e m 2,186,262,000 | 100.0 | 4,534 | 207 1,863 85 41 100 ] 2 1, 473,850 67,000 } 33,000
NIGHT
Small4, e 7,928,000 1.5 53 668 18 1227 34 0 ® ® $18,335 | $231,000 | $35,000
Low-priced 5. ___ 287,710, 000 54,21 1,681 584 848 205 50 57 20 3 585,807 | 204,000 | 35,000
Medium-priced 8 190, 4€6, 000 3507 1,126 501 405 260 44 59 31 ] 415,691 218,000 t 37,000
High-priced 7_.... - 44,321, 000 8.4 214 483 82 185 38 ® ) 71,117 161, 000 33, 000
TOTA i cmmmcm e 530,425,000 | 100.0) 3,074 580 1,443 272 47 125 24 4 1,090,950 | 206,000 | 36,000

{ Rate based on 10-20 accident involvements,

2 Less than 10 accident involvements; rate not computed. .

2 Rate is the number of involvements, persons injured, persons killed, or
amount of property damage per 100 million vehicle-miles.

4 Allforeign, Crosley, Henry T., and Willys.

the drivers of cars in the group having 110 horse-
power or less. The rate for the lower horsepower
group was based on a sample of only 25 involve-
ments, however, and the comparison was not
statistically significant.

Because the cars having lower horsepower are
much lighter, on the basis of comparable weight-
horsepower relationships, these cars might not
have higher involvement rates. Although no
data were obtained on the weights of cars in the
study discussed here, other studies have shown
that the range of weights of standard cars during
the period of data accumulation for thisstudy was
relatively small. For example, one study® has
shown that fully five-sixths of all cars selected
from normal traffic on main rural highways varied
no more than 20 percent from the average weight

t Unpublished data obtained by Buresu of Public Roads in connection
with braking performance studies in Maryland, Michigan, and California
during 1955.

s Pord, Chevrolet, Plymouth, Studebaker, and Rambler, .

¢ Pontiae, Buick, Oldsmobile, Edsel, Mercury, Hudson, Kaiser Frazer,
Nash, and other U.8.: DeSoto, Dodge.

7Cadillae, Lincoln and Continental, Chrysler and Imperial, Packard.

of all cars. This contrasts with differences in
involvement rates between cars of low and high
horsepower of about 100 percent in the day and
close to 300 percent at night (fig. 12).

Acceleration capability

Acceleration capability of cars having low horse-
power is poorer than for cars having high horse-
power; this was true, at least, for the cars con-
sidered during the period (1952-57) of the study
published here. Consumers Reports® has re-
ported the time required to accelerate from 0 to
60 miles per hour on level grades and the maxi-
mum advertised horsepower for several score
new cars during this period. A comparison of
acceleration and advertised horsepower shows, for
example, that 125 horsepower cars generally
require 15 to 20 seconds to accelerate from 0 to

3 Consumers Reports, Consumers Union, Mount Vernon, New York,
different issues between 1952 and 1957, .
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60 miles per hour on a level grade. But, 250
horsepower cars require only 10 to 13 seconds
for a similar acceleration. Time to accelerate
from 45 to 65 miles per hour was also measured
for a smaller sample of cars and was closely
correlated with time to accelerate from 0 to 60
miles per hour. In summary, it is probably
accurate to state that cars having poor accelera-
tion capability at highway speeds have higher
accident-involvement rates on main rural high-
ways than other cars.

Make

When adequate data were available, there was
little difference in involvement rate among the
different makes. Involvement rates among the
major manufacturing groupings varied less than
10 percent from the mean rate for both day and
night conditions. A further comparison was made
by grouping passenger cars according to size; that

is, small cars, which included foreign cars; and
low-priced, medium-priced, and high-priced cars.
(Compact cars have not been included in these
groupings because the data were obtained before
the advent of compact cars.) The involvement
rate tended to decrease as the price of the cars
increased, and this decrease was particularly evi-
dent at night. This may be related to the fact
that lower-priced cars tend to have lower horse-
power and, as has been shown earlier, drivers of
low-horsepower vehicles have higher involvement
rates. There was also a tendency for the injury
rate and the number of persons injured per 100
involvements to decrease as the price of the car
increased. The average amount of property dam-
age per 100 involvements was not related to the
price of the car. Data related to the price of the
cars are shown in table 81, but the differences
were generally small among the different price
categories.

Table 32.—Involvement rate by travel speed, age and horsepower of passenger car, and age of driver, day and night

combined
FOUR Speed, m.p.h.=> 37 or slower 3847 48-57 58 or faster
VARIABLES
Age of Horse- | Model
driver po“l\'ror yS;“ 1850 1951-54 | 1955~58 1950 1051-54 | 1955-58 1950 1051-54 | 1955-58 1950 1951-54 | 1955-58
Less than 110 7.174 8,191 799 629 454 348 651
Under 20 111-170 1 4,538 1859 438 1429 1409
171-225 12,697 1553 1235 1324
226 or more 1347
Less than 110 6,848 7,579 607 379 508 380 11,850 &00 358
2024 111-170 2,109 | 13,926 1577 516 1252 13711 471 271 292 1143
171-225 6, 750 1222 312 1183
226 or more 1634
Less than 110 3,113 3,136 333 222 293 215 236 157
2534 111-170 12,676 2,546 1,427 1267 239 235 1127 194 75 1107 110 184
171~225 13,010 2,705 254 173 1214 81
226 or more 11,307 1371 269 173
Less than 110 2,525 2,244 291 194 162 118 L 567 1134 179
a5-dd 111-170 11,103 1,607 1,823 1119 175 173 199 132 100 7
171-225 1,924 186 1216 121 64
226 or more 12,509 1286 149 173
Less than 110 2,705 3,046 101 7 1428 195 134 137 122
a504 111-170 11,337 1,638 2,551 1236 © 226 174 11387 118 71 76
171-225 11,840 2,187 1151 17 1156 116 71
226 or more 2,200 219 170 148
Less than 110 4,874 5,302 335 1300 1192 1161
o or older 111-170 2,679 1174
171-225 13,033 1 569 1168
226 or more 14,358

1 Rate based on 10-20 involvements (rates based on less than 10 involvements not showrn).
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Part VI.—OTHER ACCIDENT RELATIONSHIPS

As discussed previously, the travel speed of the
vehicle and the age of the driver are highly related
to the accident-involvement rate, and the age or
model year and horsepower of passenger cars
have somewhat less of an effect. Table 32 data
show a combined comparison of these four vari-
ables for passenger cars for day and night condi-~
tions combined. These data show that, regardless
of model year or horsepower of cars, persons
driving at slower speeds and younger drivers had
the highest accident-involvement rates. Those
driving at moderate speeds and middle-aged
drivers had the lowest involvement rates.

In order to provide a reasonable sample for
each ccll, the data were combined in table 32
into broad groups and therefore the increase in
the involvement rate at speeds above 70 miles
per hour is not apparent. Data in this table also
show that, for comparable speeds, horsepower of
car, and age of driver, accident-involvement rates
were lower when the car was a later model-year.
In 28 comparisons made for pairs of cells having
sample sizes of 30 or greater, 21 of the comparisons
showed a lower involvement rate for the newer cars.
Similarly, involvement rates were higher when the
cars had horsepower of less than 110.

Range in Involvement Rate

Table 32 data show a considerable range in the
involvement rate depending upon the combina-
tiong of the four variables that were studied.
Moreover, many of the entries in this table involve
a sample size of 10 to 29 involvements. Rates
were not computed for cells having a sample size
of less than 10 involvements. Considering only
cells having 30 or more involvements, which pro-
vides a reasonable size sample, the lowest and the
highest involvement rates may be selected for
comparison. Table 33 data show the comparison

of the characteristics of driver and their vehicles
that provided the lowest and highest involvement
rates. The lowest involvement rate was for 40-
year-old drivers, traveling at 65 miles per hour on
these main rural highways and driving 1956 cars—
cars that were about 2 years old at the time of the
study and had 200 horsepower. These drivers
had an accident-involvement rate of 64; that is,
they were involved in one reported accident for
each 1,600,000 vehicle-miles of driving. By way
of contrast, the highest involvement rate was
obtained for 18-year-old drivers traveling at 30
miles per hour and driving 1952 cars, that is, cars
about 6 years old at the time of the study and
that had about 100 horsepower. These drivers
had an involvement rate of 8,191; that is, they
were involved in one reported accident for each
12,000 vehicle-miles of travel.

Note that these comparisons do not prove that
certain identifiable drivers are accident prone.
They do indicate that certain classes of drivers are
more likely to be involved in accidents than other
classes of drivers. Within each class, some range
remains in the probability of being involved in an
accident. This comparison and some of the com-
parisons made previously here suggest that the
accident rate might be reduced if more driving

Table 33.—Characteristics associated with lowest and
highest accident-involvement rates! for passenger
cars, day and night combined

Characteristics associated with

Passenger cars L
accldent-involvement rates

Characteristics: Lowest FHighest
Driver's age .- oocaeo-- yenrs..|: 40 18
Travel speed._— ..___m.p.h._ 85 30
Model Yeare e 1956 (2 years old) | 1952 (6 vears old)
HOrSBPOWEL o oo e memmm e 200 100

Aceident involvements:

ALe e 64 8,101
Miles driven per involvement. 1, 600, 000 12, 000

1 Based on those combinations of 4 variables for which at least 30 involve-
ments were employed in computing the rates,
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Table 34.—Involvement, injury, fatality, and property

Vehicle-miles Accident involvements Persons injured
Driver's age
Male Femals Male Female Male
DAY

Per 100

involve-

Number Percent Number Percent | Number | Raled | Number | Rate$ | Number | Rale? ments
72, 808, 000 3.0 17, 676, 000 4,7 435 597 73 413 174 239 40
200, 183, 000 8.3 34, 745, 000 9.3 732 366 140 403 274 137 37
279, 931, 000 11.6 40, 433, 000 10.9 620 222 93 230 187 67 30
338, 106, 000 14.1 49, 388, 000 13.3 500 174 101 204 182 54 31
653, 584, 000 27.2 47, 881, 000 26,3 034 143 105 190 283 43 30
483, 794, 000 20.1 79, 437, 000 21.3 777 161 173 218 287 53 33
264, 811, 600 11.1 41, 837, 000 1.2 544 204 99 287 185 i) 34
11, 853, 000 4.6 11,187, 0600 3.0 422 382 55 493 126 114 30
2, 406, 070, Q00 100.0 372, 864, 000 100.0 5, 054 210 929 249 1,668 69 33

NIGHT

33, 488, 000 4.0 2,332, 000 4.0 334 097 30 1,286 155 463 46
82, D68, 00D 9.8 11,188, 000 19.0 729 888 51 456 392 478 54
123, 005, 000 14.8 9, 043, 000 15,4 588 479 55 608 200 170 35
145, 886, 000 17.5 9, 780, 000 18.6 489 321 46 470 210 144 45
243, 621, 000 29.2 15, 161, 000 25.7 865 273 77 508 231 95 35
140, 246, 100 17,9 8, 605, 000 14,6 305 265 58 674 168 113 43
46, 240, 000 5.6 2,121, 000 3.6 226 489 18 1849 a1 197 40
9, 988, 000 1.2 672, 000 L1 70 791 12 11,786 38 380 48
833, 611, 000 100.0 58, 902, 000 100.0 3,486 418 347 589 1,484 179 43

1Rate hased on 10-29 aceident involvements.
2 Less than 10 accident invoelvements; rate not computed.

were done by some classes of drivers or less driving
were done by other classes. TFor example, if a
way could be found to encourage more driving at
about the average speed of all traffic on main
rural highways and less driving at either very low
or very high speeds, the accident-involvement rate
probably could be reduced considerably. Simi-
larly, if even more driving could be done by 40-
year-old drivers and less by 18-year-old drivers
the involvement rate could possibly be reduced.
It is obvious, of course, that some of these
possibilities are not practical. For example, it
would be difficult to refuse to license 18-year-old
drivers. The use of the motor vehicle is so im-
portant to the total economy that to refuse even
young adults the freedom to operate motor
vehicles would reduce considerably their effective-
ness as citizens, as workers, and as functioning
human beings. Moreover, such a decision would,
in effect, make a group judgment that all 18-year-
old persons should be denied licenses because a
fraction have accidents during any one year.
Similarly, it would not be possible under present
conditions to junk each car that was more than 3
years old. However, these data do suggest that
a certain minimum horsepower, or more perti-
nent—acceleration capability, is desirable and
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drivers of passenger cars that have good accelera~
tion capability are less likely to be involved in
accidents than drivers of cars that do not. These
accident-horsepower relationships apply primarily
to standard size vehicles, as the sample included
few small or compact cars.

The results obtained from the data collected in
this study are indicative rather than conclusive.
In many of the comparisons, the resulls were
consistent regardless of the other variables that
were studied. For example, for passenger cars
having less than 110 horsepower, the accident-
involvement rate was the highest regardless of
any of the other variables studied. But it is al-
ways possible that other variables not studied
might have been associated with low-horsepower
cars, and these other variables might have affected
the accident-involvement rate.

Severity of Accidents

Tt has been shown that the severity of accidents
increased sharply as the speed increased, but the
possibility exists that other characteristics of
drivers and vehicles are related to increased
severity of accidents. Several combinations ol
driver and vehicle characteristics were analyzed



damage rates by driver’s age and sex, day and night

Persons injured—Continued Persons killed Property damags
Female Male Female Male Female
DAY
Per 100 Per 100 Per 100 Per 100 Per 100
involve- involve- involve- involve- involve-
Number | Rale3 ments | Number | Rale? ments | Number | Rale3 | wments Amount Rate 3 ments | Amount| Raled ments
47 266 64 11 115 13 1 *) ) $136,550 | $187,000 | $31,000 | $26,750 | $151, 000 | $37, 000
63 181 45 9 } 14 } 11 1 (O] ) 232, 550 116,000 | 32,000 43, 250 125,000 | 31,000
35 87 38 11 1 ) (2 201, 950 72,000 | 33,000 23, 650 59 000 | 25,000
76 154 75 9 } 's } - 0 ) ® 196, 250 , 33, 000 33 850 69, 000 | 34,000
124 127 64 9 3 ® ® 288, 500 44,000 | 31,000 | 65,250 67,000 | 83,000
72 91 42 24. 4 } 2 3 243, 800 50,000 | 31,000 47,450 60,000 | 27,000
34 8} 34 6 1 18 13 155, 750 58,000 | 29, 000 29, 550 71,000 | 30,000
30 260 55 20 118 15 6 112, 650 98,000 | 27,000 | 20,150 | 180,000 | 37,000
481 129 52 99 4 2 16 14 12 1, 568, 000 65,000 | 31,000 | 289,900 78,000 | 31,000
NIGHT
15 643 150 18 154 15 0 2) [C)] $113, 050 | $338,000 { $34, 000 $8,050 | $345,000 | $27, 000
23 1206 145 24 129 13 0 (2) *) 271, 500 331,000 | 37,000 16, 850 151, 000 3
22 1243 140 19 115 13 0 (&) () 200, 100 163,000 | 34,000 18, 050 177,000 { 29,000
29 1297 183 19 113 14 3 © @ 171,100 | 117,000 | 36,000 | 16,850 | 172,000 | 37,000
22 1145 130 23 } 8 } 3 2 )] (O] 217, 150 89,000 | 33,000 23, 400 154,000 | 30,000
28 1325 148 8 0 (%) [0 142, 850 96, 000 | 36, 000 16, 200 188, 000 ¢ 28,000
6 } 1488 } 140 19 } 159 } 17 0 ® ® 74, 000 160,000 | 323, 000 5,000 278, 000 |1 33, 000
6 3 0 &) *) 23,300 233 000 | 29,000 3,600 536, 000 {3 30, 000
161 256 44 133 16 4 & @ ) 1,213, 050 146,000 | 35,000 § 106, 900 181,000 | 31,000
8 Rate is the number of involvements, persons injured, persons killed, or amount of property damage per 100 million vehicle-miles.
Table 35.—Involvement, injury, fatality, and property damage rates by vehicle type, day and night
Persons
Vehicle type Vehicle-miles | Accident i;1volve~ Property damage
ments
Injured illed
DAY
Per 100 Per 100 Per 100
involve- involve- involye-
Number Number | Rated | Number | Rate3 | ments | Number | Rated | menis Amount Rate 3 ments
Passenger car-._ ... 2, 186, 262, 000 4,534 207 1,871 86 41 101 5 2 $1,487,200 | $68,000 | $33,000
Truck, single-unit, 4
bires. . eoecn 199, 645, 000 562 281 172 86 31 10 15 12 142,000 71,000 25, 000
Truck, single-unit, 6
or more tires ., ... 124, 222,000 290 233 25 120 19 1 Q)] () 72,200 58, 000 25, 000
’l‘ruck cornbination... 250, 450, 000 490 196 41 16 8 3 (%) (% 143, 650 87,000 29, 000
___________________ 17,273,000 46 266 13 175 128 0 [0 O] 9, 550 55, 000 21, 000
Othe1 and not known_ 812,000 61 [0} 23 * ) 0 *) * 18,800 ® 4
TPOTAL e cccaeammen 2,778, 664, 000 5,083 215 2,145 7 36 115 4 2 1,873,400 67, 000 31, 000
NIGHT
Passenger ¢ar. . a—w..-n 530,425, 000 3,074 580 1,444 272 47 125 24 4 $1,006, 200 | $207,000 | %36, 000
Truck, single-unit, 4
71 Y S, 59, 928, 000 239 309 103 172 43 7 73,750 | 123,000 31, 000
Truck, single-unit, 6 13 19
or more tires e...... 38, 355, 000 64 167 33 86 52 3 14, 900 44,000 26, 000
Truck combination._ 254, 807, 000 418 164 47 18 11 2 145, 150 57,000 35, (000
___________________ 8,437, 000 10 | 1119 6 171 160 0 ) ) 3, 80 45,000 | 138, 000
Other and not known. 460, 000 28 O] 14 %) (O] 1 ) O} 8,850 O] 9
TOTAL o mmmmocmmae 892, 512,000 3,833 429 1,647 185 43 138 15 4 1,344,650 | 151,000 35, 600

1 Rate based on 10-29 accident involvements.
1 Less than 10 accident involvements; rate not computed.

8 Rate is the number of involvements, persons injured, persons killed, or
amount of property damage per 100 million vehicle-miles.
4+ Rate calculations not meaningful.
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Table 36.—Involvement, injury, fatality, and property damage rates by model year of passenger car, day and night

Persons
Model Vehicle-miles Accident Property damage
involvements
Injured Killed
DAY
Per 100 Per 100 Per 100
inyolve- involve- involve-
Number | Number | Rate3 | Number | Rate3 | ments | Number | Raie? | menis Amount Rale? ments
435, 729,000 739 170 346 79 47 16 14 12 $285,479 66,000 | $39,000
642,029,000 | 1,059 165 458 TL 43 24 14 12 397, 086 67,000 38, 000
440, 611,000 878 199 329 76 37 18 14 12 208, 000 68,000 34,000
375, 081, 000 920 248 368 98 40 26 17 13 265, 366 71,000 29, 000
179, 349, 000 503 280 203 113 40 4 133,444 74,000 27,000
61, 046, 000 222 364 83 136 37 5 15 12 B4, 258 89, 000 24,000
52, 407,000 203 387 76 146 37 7 39,618 76, 000 19, 000
2,186,262,000 | 4,534 207 1,863 85 41 100 5 2 1,473, 850 67,000 33,000
NIGHT
1050~1988 - memmmmemem 101, 772,000 361 355 168 165 47 13 113 14 $150,450 | $157,000 | $44,000
195419565 139, 759, 000 6353 467 268 102 41 19 114 13 258, 750 185,000 | 40,000
1952-1953. 108, 192, 000 558 516 264 244 47 32 30 6 215, 750 199, 000 39,000
19501951 . 101, 686, 000 707 695 355 340 50 22 122 13 249, 450 237,000 34,000
1948-1040.. 48, 879,000 416 860 199 411 48 22 145 15 131, 450 272,000 32,000
1946-1947. 15, 518, 009 173 1,115 93 599 54 8 } 155 } 14 46, 350 299, 000 27,000
Before 1046. 15,119,000 206 1,362 96 635 47 9 38, 760 256, 000 19, 000
TOTAL - e s em 530,425,000 | 8,074 880 | 1,443 272 47 125 24 4 1,080,850 | 206,000 | 36,000

1 Rate based n 10-29 aceident involvements,

2 Rate is the number of involvements, persons injured, persons killed, or amount of property damage per 100 million vehicle-miles.

with respect to severity of accidents. The num-
ber of persons killed and injured per 100 involve-
ments, and the amount of property damage per
100 involvements were used as the measures of
severity.

No consistent variation occurred in the number
of persons injured per 100 involvements among
the several age groups of male drivers as shown
in table 34. Male drivers under 25 years of age
had a severity rate slightly higher than the average
but beyond age 25 there was no consistent differ-
ence. Among female drivers there was a greater
variation with age but this was not consistent and
the higher variability was probably the result of
the smaller sample size. Similarly, there was
no consistency in variation in severity as measured
by the amount of property damage. There was
an indication that male drivers under the age of
20 and 65 or older accounted for a higher than
average number of persons killed per 100 involve-
ments. All of the foregoing comparisons applied
generally for both day and night.

Vehicle type related to severity

Other comparisons were made as to the severity
of accidents in relation to vehicle type. As shown
in table 35, during the day the number of persons
injured per 100 involvements was lowest for dual-
tired trucks and combinations, & rate about one-
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fifth of that for passenger cars. This severity
applies, however, only to the number of persons
in the vehicle in question who were injured per
100 involvements. During the day, for example,
only 8 people were injured in truck combinations
per 100 of these vehicles involved in accidents but
41 persons were injured for each 100 passenger cars
involved in accidents. This is not a surprising
finding; it is reasonable to expect that, when a
heavy truck hits a passenger car, few people will be
injured in the truck. Moreover, the occupancy

- of trucks is much lower than that of passenger cars.

At night, similar results were apparent for truck
combinations but dual-tired trucks had an even
higher severity rate than passenger cars. This
difference in severity may be partly explained by
the composition of night traffic. Because trucks
and truck-combinations are a much greater per-
centage of the vehicles on the road at night, the
possibility of a single-unit dual-tired truck col-
liding with & combination is greater.

Data in table 36 show the severity by model
year of passenger car., There was no consistent
varigtion in severity as measured by persons
injured or killed. However, the amount of
property damage decreased as the vehicle became
older. Thisisprobably tobe expected considering
the type of repairs done to old vehicles and their
low market value. In addition, older vehicles



Table 37.—Involvement, injury, fatality, and property damage rates by body style of passenger car, day and night

. . Persons
Body styles Vehicle-miles Accident Property damage
involvements
Injured Killed
DAY
Per 100 Per 100 Per 100
Number Number | Rated | Number | Rate3 | involve- | Number | Rated | involve- | Amount Rate’ inyolve-
ments ments ments
2-door sedan. .aoomwo 698, 483, 000 1,969 282 810 116 41 46 7 2 $624,800 | $00,000 | $32,000
4-door sedan. - 935, 754, 000 1,907 204 754 81 39 39 4 2 0618, 20 66,0001 32,000
Convertibla.. - 64, 116, 000 164 256 80 126 49 3 () Q] 54, 350 85,000 | 33,000
Hardtop. ... | 210,403,000 153 73 78 37 51 1 ® ® 59,750 | 28,000 | 39,000
Station wagon._ 1 284, 366,000 307 116 135 51 44 8 ) 1] 104,050 | 39,000 [ 34,000
J1Tc) O 13,137, 000 34 259 6 [©)] 17 3 0] &) 12,700 | 97,000 | 37,000
TOTAL e emmmmmee | 2,186, 262, 000 4, 534 207 1,863 85 41 100 ) 2 1,473, 850 67,000 32,000
NIGHT
2-door sedan. ... 167, 243, 000 1,481 886 757 453 51 63 38 4 $521, 050 | $312,000 | $35, 000
4-door sedan_ .. _._.__. 211, 669, 000 1,153 545 520 246 45 48 23 4 412,700 | 195,000 | 36,000
Convertible. .o evuu| 19, 557, 000 186 951 86 440 46 11 156 16 67,200 | 344,000 | 36,000
Hardtop_ e oooeeee 61, 304, 000 8 137 16 126 19 1 ?) ) 41,650 | 52,000 38,000
Station wagon...----. 68, 311, 000 157 230 61 89 39 2 [¢)] * 55, 250 81,0001 35,000
[01711:) SRR 2,841,000 13 1555 3 ® 23 0 )] & 3,100 | 133,000 | 324,000
TOTAL e eememmmm 530, 425, 000 3,074 580 1,443 272 47 125 24 4 1,090,950 [ 206,000 | 36,000
1 Rate based on 10-29 aceident involvements.
2 Less than 10 accident involvements; rate not computed. .
8 Rate is the number of involvements, persons injured, persons killed, or amount of property damage per 100 million vehicle-miles.
Table 38.—Qccupant-mile injury and death rates by seated position in passenger car, day and night
Occupant-miles of travel Occupants injured | Oceupants killed Injury rate? Tatality rate 2
. Seated position
Day Night Day Night Day Night Day Night Day Night
Tefbfront . o 2, 186, 000, 000 530, 000, 000 849 708 49 66 39 133 2 12
Right fronte oo ceomececiae 1,398, 000, 000 203, 000, 000 503 356 29 26 36 121 2 9
Center front... ceeeeeceeceen 401, 000, 000 93, 000, 000 81 58 5 4 20 62
Left rear. . 385, 000, 000 74, 000, 000 74 58 3 6 19 78 11 18
Right TOAr oo 495, 000, 000 91, 000, 000 97 69 4 6 20 76
Center 16ar-mammcecarcaaauan 285, 000, 000 62, 000, 000 39 24 0 9 14 130 @ ®
Rear seat in station wagon
and other- . cmmemmcmcemmeeee 23, 000, 000 4,000, 000 6 5 0 0 ® ® ® @
POTAL - e ceccem e 5, 173, 000, 000 1, 147, 000, 000 1,649 1,276 90 110 32 1L 2 10

WRate based on 10-29 occupants injured or killed.
2 Less than 10 occupants injured or, killed; rate not computed. .
Injury and fatality rates are number of occupants killed or injured per 100 million occupant-miles of travel.

Table 39.—Percentage of involvements by type of

collision, by sex of driver, day and night
Percentage of accident-involvements by
Accident ype of collision
Sex o fdriver involve-
ments
Rear- | Head- | Angle | Other | None
end on
DAY
5, 065 46 13 17 9 15
1 43 12 19 10 18
5,983 46 13 17 9 15
NiGHT
3,487 40 15 12 16 17
346 39 16 12 17 16
3,833 40 15 13 15 17

Figure 13.—O0ccupant-mile injury rates by seated

position, day and night.
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Table 40.—Involvement rate by type of collision, by
{ravel speed, day and night

Rate of accident-involvements by type of collision

Travel speed,
m.p.h, Rear-
end Head-on | Angle Other None

20, 066 3,309
2 118

16,118 1,462 1,672
662 177 197

312 56 50 850 85
106 37 26 23 33
81 28 19 19 30
53 23 16 16 22
48 19 19 14 36
3L 16 14 11 24
27 12 10 10 25

73 or more. 136 ® O] & 170

NIGHT

99 or less 11,558 2,764 7,688 1854 1502
813 233 1318 1166 1113

564 216 188 1119 1119

155 76 37 75 68

166 74 38 80 46

72 43 24 55 54

108 41 19 a7 64

7 3¢ 116 41 71

o1 . 115 50 113

1924 1130 ® ) 183

1 Rate based on 10-20 accident involvements,
2 Less than 10 accident involvements; rate not computed,

Table 41.—Percentage of involvements by type of
collision, by travel speed, day and night

Percentage of accident-involvements by
type of collision
Travel speed, | Accident
m.p.h. involve-
ments | Rear- | Ilead-
end on Angle | Other | None

DAY
Standing__.____ 493 78 [ 9 5 2
22 or 1688 eanmmm-m 1,183 47 8 38 3 4
23-3 331 58 i0 16 8 8
355 56 10 9 10 15
558 47 16 12 10 15
698 45 16 11 11 17
911 41 17 12 12 17
700 35 14 14 11 26
441 32 18 15 12 25
259 32 14 13 12 20
54 26 2 7 15 50
5,983 46 13 17 9 15

NIGHT
Standing._...-- 255 64 11 9 15 1
22 or less 473 49 12 33 4 2
23 52 15 14 12 7
&1 20 8 11 10
37 18 9 20 16
40 18 g 21 12
29 17 9 23 29
40 15 7 15 23
30 15 7 18 30
31 7 5 18 39
23 13 4 1] 49
40 16 12 16 16
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are driven up to four miles per hour slower, on the
average, than the newer vehicles and, as has been
shown, severity is less at the lower speeds.

Data on the severity for different price groups
of passenger cars are shown in table 31. As
measured by persons injured, the severity gener-
ally decreased as price of car increasd. One
exception is for small cars at night where the
severity was low (34), but the sample size of per-
sons injured was small—only 18 persons were
injured. A similar comparison for types of cars
from different manufacturers showed that there
was very little difference among them with respect
to severity.

Considerable variation might be expected in
severity among the different body styles of pas-
senger cars. The convertible, for example, might
be expected to have a much higher severity rate
than other types of body styles. Table 37 shows
data confirming that during the day hardtops and
convertibles did have a greater proportion of
persons injured per 100 involvements compared
to 2- and 4-door sedans or station wagons. At
night, however accident-severity for 2-door sedans
was the highest and the lowest was for hardtops,
although the sample size for hardtops was small—
16 persons injured.

Seated Location Affects Severity

The car occupancy for normal passenger-car
traffic using these main rural highways was 2.4
persons per car in the daytime and 2.2 persons per
car at night. These car occupancy ratios in-
cluded all persons of any age and, therefore, are
somewhat higher than those obtained in other
studies where young children have been excluded.
The seated position of passenger car occupants
had a substantial effect upon the probability of
their being injured or killed in an accident. As
table 38 and figure 13 show, the injury rate; that
is, the number of car occupants injured per 100
million occupant-miles of travel, was greatest for
those in the left and right front seats as com-
pared to those in the other seated positions. The
injury rate was about half as great for the occu-
pants of the center front, left rear, and right rear
seats. The injury rate was least for occupants of the
center rear seat. These relationships were similar
for both day and night conditions. A comparison
of fatality rates also indicated that the left and
right front seats were significantly more hazardous
than other seated locations based on an analysis




Table 42.—Percentage of involvements by type of
collision, by driver’s age, day and night

Table 43.—Percentage of involvements by type of cellisien,
by vehicle type, day and night

of day and night data combined. The totals for
persons killed and injured shown in table 38 do not
correspond to totals in some of the other tables
because occupancy data were not obtained for all
of the study sections.

Type of Collision

On these main rural highways the predominant
manner of collision was the rear-end type (in-
cluding same-direction sideswipe). About 46 per-
cent 'of all day and 40 percent of night accident
involvements were of this type. The other types
of collisions were fairly evenly distributed among
head-on (including opposite directions sideswipes),
angle, other :collision, and noncollision types for
both day and night conditions. Other collisions,

Percentage of accident-involvements by .| Percentage of aceident-involvements
Accident type of collision . Accl- by type of collision
Ageofdriver | invalyo- Vehicle type in“]’%ﬁlgg_
ments _ . _ . "
Ié%%r Hg:;d Angle | Other | None ments Ié?lac{ I{ggd Angle | Other | None
DAY DAY
Under 20 _..... 508 | 44 14 13 1 18 Passenger ¢ar...._—.. -oo| 4334 46 13 18 9| 1
2024 - 872 46 14 13 10 17 Truek, single-unit, ;
25-20. o eee 713 47 13 13 9 18 7 4 tlies.-._ T - 562 47 9 19 8 17
___________ 691 45 13 18 10 14 ‘ruck, single-uni
© or more tites.._..-| 290 | 55 9 17 9 | 10
35-44.__ 1,129 47 13 16 9 15 Truck combinations...| 490 54 14 10 11 11
45-54_ .. 49 12 18 8 13 BUS. ceaeremmmmmcmcmem 46 72 15 7 4 2
55-64_ .. -- 643 49 11 12 7 12 Other and not known.. 61 26 2 20 [ 43
65 or older.._... 477 40 11 30 8 11 —_—] — ] | ——— | ——
—_ TOTALncm e e e 5,983 46 13 17 9 15
TOTAL. < cneoe| 5,083 46 13 17 & 15
NIGHT
NIGRT
,Il"asserllcger car.l. c 40 16 12 16 16
Under 20._..._- 364 36 13 12 15 24 ruc single-uni
20-24. | 7 | 58 14 9 17 2 ot tiie’s e 40| 14| 14| 12| 19
25-29_ 844 41 16 10 17 16 rueli, Slogle-unit
30-34. 515 | a7 18 13 17 17 6 or Zaore tires. | 64 | 40 15 15 1| 13
gruck eombinations.... 4%(8) %g }8 18 ég lg
3544 ___ 742 43 18 10 18 15 US v cmmmamemm e i
45-54___ 453 43 17 12 16 12 Other and not known._.. 28 46 0 15 12 27
G564 . 244 44 15 19 11 11 T T s | T s | e
65 or older._.._. 91 43 12 26 12 7 TOTAL - oo oomee 3,833 40 15 12 16 17
TOTAL_ 3,833 40 15 12 16 17

which represent single-vehicle collisions with fixed
objects in the roadway, were a much higher pro-
portion of total involvements at night, when visi-
bility was less, than during the day. Practically
no variation was recorded among the two sexes
with respect to the manner of collision, as shown
in table 39. The proportion of each collision cate-
gory was based on accident involvements not on
accidents per se. Thus, other collisions and non-
collisions involved only & single vehicle whereas
all other collision categories involved two and
sometimes three or more vehicles. If the com-
parison had been based on accidents rather than
on aceident involvements, the single-vehicle col-
lisions would have approximately doubled in
proportion to all collision categories.

Table 44.—Number of vehicles per accident, day and night

Day Night Total
Vehicles involved
in accidents
Accident involvement | Accident involvement | Accident involvement Vehicles

Number Number Percent Number Percent Number Percent Number Percent
1,135 32.9 1,106 46.3 2,241 38.4 2,241 22.9
2,117 61.5 1,158 48,3 3,272 56.1 6, 544 66.68
159 4.6 105 4.4 264 4.5 792 8.1
30 0.9 17 0.7 47 0.8 188 1.9
2 0.1 4 0.2 8 0.1 30 0.3
1 ) 2 0.1 3 0.1 21 0.2
3,444 100.0 2,389 100.0 5,833 100.0 9,818 100.0

1 Less than 0,05 percent.




Travel Speed and Type of Collision

As might have been expected, the travel speed
of the vehicle prior to the accident was closely re-
lated to the resultant type of collision. The
proportion of rear-end collisions was highest at the
lower speeds. During the day, fully 77 percent
of standing vehicles involved in accidents were
involved in rear-end collisions and fewer than 10
percent in each of the other types. In figure 14,
the dip shown in the rear-end collision curve for
the speed range of 5 to 25 miles per hour was caused
by the predominance of angle collisions.
any speed range, the points in figure 14, do not
add to 100 percent because other collision types
have been omitted for simplicity.

Angle collisions wers a substantial proportion of
the total involvements at the lower speed range of
5 to 25 miles per hour, as shown in figure 14.
This is the speed of many vehicles at crossroads,
driveways, and other points of access. However,
the study sections were selected so that cross-
roads were at & minimum, and the data shown are
typical of main rural highways having little
roadside development. Main rural highways hav-
ing considerable roadside development or many
more intersections would have a higher proportion
of angle collisions than shown here.

Table 40 shows involvement rates that were
computed by travel speed and type of collision.
For each type of collision, the accident-involve-
ment rates follow the general pattern; that is, the
lowest involvement rate was at about the average
speed of all traffic and the involvement rate was
very high at the very low speeds and, also, tended
to increase at the higher speeds, although this
effect was somewhat masked by the small sample
size at the higher speeds.

Within
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Figure 14.—Percentage of accident involvements
by travel speed and type of collision for all
vehicles, day.

As figure 14 illustrates, the percentage of head-
on collisions increased linearly as speed was in-
creased but even at the higher speeds, head-on
collisions accounted for fewer than 20 percent of
all accident involvements. Single-vehicle, non-
collision involvements were a small proportion of
all involvements at the lower speeds, but they
increased sharply at speeds in excess of 50 miles
per hour and at speeds exceeding 70 miles per hour
accounted for up to half of all involvements. As
shown in table 41, the pattern of involvement by
travel speed and manner of collision was very
similar for night conditions.

In general, the age of the driver had little effect
upon the type of collision. However, as shown in
table 42, drivers 65 years of age or more were

Table 45.—Accidents, persons injured, persons killed, amount of property damage, by vehicle type for one-vehicle
accidents, day and night combined

: . Persons
Vehicle type Accident in- Property damage
volvements
Tnjured Killed

Per 100 in- Per 100 in- Per 100 in-

Number Number volvements Numbher volvements Amount volvements
Passenger Car..... - 1,807 1,169 ] 105 6 $786, 370 $44, 000
Truck, single-unit, 4 tires 98 64 10 17 63,733 43, 000
Truck, single-unit, 6 or more tires. . ooooceeeeeeon 46 22 148 2 ® 20, 700 45, 000
Truck combination 171 40 23 2 ()] 89,401 52, 000
BUS. e e e mim e 2 4 ® 0 (@ 850 43,000
Other and not kmown_ -~ _________TTTTTT T 66 2% 136 4 ® 25, 689 39, 000
TOTAL 2,241 1,354 60 123 5 986, 743 44, 000

1 Rate based on 10-29 accident involvements,
3 Less than 10 accident involvernents; rate not computed.
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much more likely to be involved in angle collisions
than other drivers and were much less likely to be
involved in noncollision types of single-vehicle
accidents as compared to younger drivers. These
older drivers have longer reaction times, narrower
fields of view, and poorer vision than younger
drivers and their performance tends to degrade
generally. The process of crossing a stream of
traffic at an intersection is a more complex driving
maneuver than traveling in the traffic stream, and
perhaps older drivers find it difficult to cope with
its demands upon them. Table 42 data also show
& tendency for a decrease in the proportion of
other collision types of single-vehicle accidents as
drivers become older.

Table 43 data show the type of collision by
vehicle type. The proportion of involvements for
each manner of collision was generally similar for
the different vehicle types. However, for buses
the overwhelming majority of all involvements—
72 percent in the day and 60 percent at night—
were rear-end collisions. Other collision categories
for buses were correspondingly reduced. The
sample size, however, was small—only 46 involve-
ments in the day and only 10 at night. Algo note-
worthy is the fact that combination types of trucks
were involved in a much smaller proportion of
angle collisions than other types of trucks or pas-
senger cars. This may be partially related to the
longer trip lengths of these vehicle types on main
highways and the decreased necessity for their
entering or leaving the highway at intersections or
driveways.

Number of Vehicles Per Accident

Although a majority of all accidents on these
main rural highways were two-vehicle collisions,

a large proportion of accidents involved only one
vehicle, particularly at night: As table 44 shows,
33 percent of all accidents during the day and 46
percent during the night involved only a single
vehicle. About 61 percent of accidents during
the day and 48 percent of those occurring at night
involved two vehicles. Less than 6 percent of
accidents during either the day or night involved
three or more vehicles. On the basis of the num-
ber of vehicles involved in accidents, single-
vehicle accidents accounted for 23 percent of the
vehicles and two-vehicle accidents accounted for
67 percent of the total. Accidents involving
three or more vehicles accounted for only 10 per-
cent of all vehicle involvements. Accidents in-
volving five or more vehicles are often spectacular
but they involved fewer than 1 percent of all
vehicles involved in accidents recorded in this
study.

In single-vehicle collisions, it might be expected
that many more people in passenger cars would
be injured per 100 accidents compared to trucks
because of the greater car occupancy of passenger
cars. Data in table 45 show that this is indeed
the case. Single-unit, single-tired trucks having
similar characteristics to passenger cars also had
about the same number of persons injured per 100
involvements. Truck combinations had a fre-
quency of persons injured per 100 accidents that
was only one-third that of passenger vehicles.
This low ratio might be partially explained by
lower occupancy, but the slower speeds and more
rigid bodies of truck combinations in relation to
passenger cars could also be factors. The amount
of property damage per 100 accidents was about
the same for different types of vehicles involved
in single-vehicle collisions, except that it was
slightly higher for combinations.

Table 46.—Accidents, persons injured, persons killed, amount of property damage by vehicle type for two-vehicle
accidents, day and night combined

Persons
Vehicle type Accidents Property damage
Injured Killed
Per 100 in-~ Per 100 in- Per 100 in-
Number Number volvements ngger ooZuemémts ggrll}]o%f vgévfrgggts
Two passenger cars - 1,011 1,306 68

Two fruoRs o 212 "“79 37 5 o) 64, 957 31, 000
Two buses... 3 ) 0 2) 150 )
Passenger car and truek. . ooeaons 1,027 595 158 55 5 258, 044 25, 000
Passenger car and bus..- 30 18 160 0 (¢ 5,034 17,000
Truck and bus. R — 14 17 1121 1 §3) 8,450 1 44, 000
Other and not known.. 75 52 69 7 2) 21,200 28, 000
TOTAL 3,272 2,087 63 127 4 873,206 27, 000

1 Rate based on 10-28 accident involvements.
2 Less than 10 accident involvements; rate not computed.
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Considering only collisions that involved two
vehicles, those involving two trucks had only half
as many persons injured per 100 accidents com-
pared to those involving two passenger cars, as
shown in table 46. This closely approximates the
relative vehicle occupancy of the two types of
vehicles. Collisiong involving a passenger car and
8 truck caused injuries that were intermediate
between either two trucks or two passenger cars.
By far the greatest number of persons injured per
100 accidents occurred when a truck and a bus
collided; however, the sample was comprised of
only 14 accidents in which 17 persons were injured.

The amount of property damage per 100 acci-
dents was least when a passenger car and bus were
involved and greatest when a truck and bus were
involved. Little difference in property damage per
100 accidents was noted for involvements of other
types of vehicles.

About 3 persons per 100 accidents were killed
when two passenger cars were involved, but 5
persons per 100 accidents were killed when a truck
and a passenger car were involved. On the basis
of vehicle occupancy, fewer persons per 100 acci-
dents should have been killed in truck-passenger
car accidents. The differences in vehicle structure
may be a partial explanation for the difference.
Other comparisons involving fatalities could not
be made because of inadequate sample size.

In summary, many of the differences in the
number of persons injured and killed per 100
accidents for different vehicle type combinations
were close to that expected on the basis of relative

vehicle occupancy. But differences in speeds and
body structure were also factors that may have
contributed to the differences.

Highway Features and Accident Involvement

An attempt was made to relate certain high-
way features to accident involvement rates. As
indicated, during the day the accident involve-
ment rate on 2-lane highways was about twice as
high as on the 4-lane sections. At night, the
involvement rate on 2-lane sections was also higher
than on 4-lane sections, but the difference was
less.

As shown by data in table 47, there was no
consistent relationship between median width and
total accident-involvement rate. As suspected,
the head-on involvement rate was affected to a
considerable extent by the presence of a median.
The head-on involvement rate on 2-lane sections
was at least five times as great as it was on 4-lane
sections, all of which had medians. This was
true during both day and night. On 2-lane high-
ways, 16 percent of all involvements during the
day and 21 percent of those at night were head-
on collisions. On 4-lane sections, the percentage
of head-on involvements ranged from 3 to 6
percent. There was no consistent relationship
between median width and percentage of head-on
collisions, but the sample size was small.

As table 48 data show, there was a tendency for
the involvement rate to increase as the number

Table 47.—Median width related to total involvements and head-on collisions on 2- and 4-lane highways, day and night

IHead-on
Total accident Head-on collisions
Median width Vehicle-miles involvements collisions 2 as & per-
centage of
total
DAY
: TFeet Number Rale Number Rate
2-lane;
All SCEEIONSwmmacnaanmm e 1, 749, 317, 000 4,352 249 701 40 16
4-lane:
Lessthan 15 1 e 822, 087, GOC 440 137 26 8 [}
15-39. 484, 970, 000 928 191 20 4 2
More than 40. e aveacccccccann 222, 290, 000 263 118 8 4 3
NIGHT
2-lane:
Al SaetionS. e 554, 144, 000 2, 569 464 548 99 21
4-1lane;
Less than 164 o cieecccaeeans 130, 874, 000 433 331 16 12 4
1538, 164, 128, 000 563 404 22 13 3
More than 40. e uemeccccaacenen 43, 368, 000 168 387 9 21 &

1 Minimum median width was 8 feet,
2 Includes opposite direction sideswipes,
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Table 48—Number of intersections per mile related to type of collision, 2~ and 4-lane highways, day and night

Number of Type of collision
intersections Vehicle-miles | Total accident involvements e
per mile
Rear-end ! Angle Head-on 2
DAY
2-lane Number | Percent | Rate | Number | Percent | Rate | Number | Percent | Rafe | Number | Percent | Eale
[ 1 E— 458, 651, 000 1,105 100 241 447 40 97 91 8 20 101 .17 42
1-1.9 el 1, 138, 435, 000 2,737 100 240 1,255 46 110 406 15 36 436 16 38
2 or more__.__ 152, 231, 000 510 100 336 237 46 156 125 25 82 74 15 49
4-lane:
0-1.9. oo 693, 880, 000 765 100 110 3718 49 54 166 22 24 25 3 4
2 or more.._.. 335, 467, 000 866 100 2568 450 52 134 234 27 70 20 3 9
NIGHT
2-lano: .
0-0.0 . cmn 174, 527, 000 620 100 356 164 26 94 46 7 26 116 19 66
1-19 el 320, 386,000 | 1,636 100 479 527 34 164 150 10 47 338 22 105
2 0or more___._ 59, 231, 000 413 100 607 141 34 238 65 16 110 04 23 159
4-lane:
0-1.90 oo 183, 512, 000 699 100 381 408 58 222 99 14 54 15 2 8
2 or more..... 154, 856, 000 565 100 365 298 53 192 84 15 54 32 6 21

1Includes same direetion sideswipes.
¢ Includes opposite direction sideswipes.

of intersections per mile increased. As expected
rear-end and angle collisions, particularly, tended
to increase as the number of intersections per
mile increased. This was true for 2-lane high-
ways both during the day and night and for
4-lane highways during the day. There was also a
tendency for head-on collisions to increase with
number of intersections per mile for 2-lane high-
ways at night and for 4-lane highways during
both the day and night.

Highways having few intersections per mile
also had few driveways per mile. An analysis
combining the number of intersections per mile
and driveways per mile produced results similar to

the analysis in which intersection data alone were
used. This analysis points up the safety benefit
of controlling access to the highway.

As table 49 data show, during the day the total
involvement rate increased as shoulder width
increased on 2-lane highways. At night, 2-lane
highways having shoulders 6-9 feet wide had a
lower involvement rate than either narrower or
wider shoulders. Similar results were noted for
the predominant rear-end collisions. Rates for
head-on and angle collisions increased as shoulder
width increased. Theseresults appear incongruous
and may have been associated with other variables
that were not studied.

Table 49.—Shoulder width related to type of collision, day and night

Type of collision
Shoulder width Vehicle-miles | Total accident
involvements
Rear-end t Head-on 2 Angle
DAY
Number | Rate Number | Percent | Rate | Number | Percent | Rate | Number | Percent Rate
740,896,000 | 1,605 217 640 40 88 267 17 36 233 15 31
679, 018,000 | 1,777 262 829 47 122 273 15 40 208 12 31
329, 403, 000 970 204 470 43 143 161 17 49 181 19 55
1, 020,347,000 | 1,631 158 828 51 80 54 3 5 400 25 39
NIGHT
2-lane:
=8 e mmm 209, 509, 000 947 452 302 32 144 188 20 90 79 8 38
60 - |- 225,487,000 088 438 299 30 133 219 22 97 95 10 42
10 or wideTeumcecnrnmmnaa- 119, 148, 000 634 532 231 36 194 141 22 118 87 14 73
4-lane:
All 338,368,000 | 1,264 374 706 56 209 47 4 14 183 14 54

1 Includes same direction sideswipes.
2 Includes opposite direction sideswipes.
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Part VIL—RELATIVE TRAVEL AND SPEED PATTERNS

Although the principal purpose of this study
was to determine the relation between accidents
and characteristics of drivers and vehicles, certain
other findings are also important and worth
noting. In particular, the relation between speed,
relative amount of travel, and certain charac-
teristics of drivers and vehicles are discussed in
the following paragraphs.

As has been indicated, relative amount of
travel varied considerably and depended upon
the characteristics of driver and vehicle. For
example, female drivers accounted for only 13
percent of the vehicle-miles of travel during the
day and for only 7 percent of travel during the
night hours. However, the mean speeds of male
and female drivers were nearly identical—52.6
miles per hour during the day, and about 51.0
miles per hour at night.
drivers are compared, the speed of male drivers
averaged about 1 mile per hour faster than that
for female drivers.

Speeds and Characteristics of Drivers and
Vehicles

Table 50 data show mean speeds and varia-
bility in speeds for the driver and vehicle charac-
teristics studied. The measure of variability
employed was the standard deviation. The
higher the standard deviation, the greater the
variability in speeds. A common interpretation
of the standard deviation is that one standard
deviation encompasses 68.3 percent or about
two-thirds of all speeds: two standard deviations
encompass 95.5 percent of all speeds: and three
standard deviations encompass 99.7 percent of
all speeds.

For example, as shown in table 50, during the
day male drivers had a mean speed of 52.6 miles
per hour and a standard deviation of 9.2 miles
per hour., This means that about two-thirds of
all male drivers traveled at speeds ranging be-

40

If only passenger-car

tween 43 and 62 miles per hour; and 95.5 percent
of the male drivers traveled at speeds between
34 and 71 miles per hour. The actual data
fitted these simplified statistics within 1 or 2
miles per hour. The statistics apply to all
drivers on all 35 study sections; but on any
single study section, the variability was less.

The difference in both mean speeds and standard
deviations between nonmembers and members
of the Armed Forces was only about 1 mile per
hour. Those in the Armed Forces were the
faster drivers but this is probably associated
with their younger ages rather than their Armed
Forces membership.

Residence of driver had a small effect on mean
speeds and the effect was different for day and
night driving. During the day, in-State drivers
from counties remote from the study section
averaged 3 to 4 miles per hour faster than the
other three groups. At night, out-of-State drivers
averaged 3 miles per hour slower than the others.
The standard deviation was greatest for local
drivers and least for out-of-State drivers.

There was a tendency for younger drivers to
drive slightly faster than older drivers during both
day and night. The range in mean speeds be-
tween the youngest and oldest age groups was
about 3 miles per hour. During the day, there
was little difference in variability in speeds among
the age groups. At night, however, the middle-
aged drivers showed less variability in speeds than
either younger or older drivers.

As other studies have shown, there is a con-
siderable difference in mean speeds depending
upon the vehicle type. During the day, drivers
of truck combinations and single-unit, dual-tired
trucks traveled 6 to 7 miles per hour slower on the
average than drivers of passenger cars, as shown
in table 50. At night, the speeds for trucks were
only 3 to 5 miles per hour slower than for passenger
cars. Single-unit trucks having 4 tires, such as



panels and pickups, had speeds between these
extremes during the day and very close to pas-
senger-car speeds at night. The heavier trucks,
having 6 or more tires including combinations,
had less of a variance in speeds at night as com-
pared to passenger cars and buses. Also, drivers
of all types of commercial vehicles traveled up to
2 miles per hour faster at night than in the day,
and passenger-car drivers averaged about 2 miles
per hour slower at night.

Tendency was for higher horsepower cars to be
driven at higher speeds, and the range in speed
between the lowest and highest horsepower groups
was about 3 miles per hour during the day and
nearly 6 miles per hour at night. There was
little difference in the variance in speeds among
the horsepower groups during either the day or
night.

Speeds at which sports cars tended to be driven
were much higher than for any other body style

Table 50.—Mean and standard deviation of speed distributions and percentage of vehicle-miles of {ravel for
characteristics of driver and vehicle, day and night

Mean speed Standard deviation Driver sample Vehicle-miles
Characteristics
Day Night Day Night Day Night, Day Night
Mp.h, M.mp.h. M.p.h. M.p,h. Number Number Percent Pereent
All 52.6 5L0 9.1 8.8 219, 000 71, 000 100 100
Driver:
Sex:
Male 526 50.9 9.2 8.8 190, 000 66, 000 87 93
Female 52. 6 5.2 9.0 9.5 29, 0600 &5, 000 13 7
Military status:
Member of Armed FOrees. .o camannaaaooooooe 53.5 52.0 8.5 9.6 7,000 4,000 3 5
Nonmember. 52.6 50.9 9.2 8.7 212, 000 67, 000 97 05
Residence:
In State:
Study county. 51.2 52.0 9.4 9.6 53,000 14,000 25 20
Adjacent county. 52,6 52.5 9.0 8.8 45, 000 15, 000 20 21
Other county. 55.4 52,7 a1 8.8 60, 000 , 000 27 28
Out-of-State. 52,3 49.6 8.6 8.0 61, 000 22,000 28 31
Age:
Under 20. 53.7 52,3 0.4 10.0 7,000 3,000 3 4
20-24___ 53.2 52,0 9.0 9.5 19, 000 7,000 9 10
25-29, 52,8 5L1 9.0 8.7 25,000 10,000 12 15
30-34 52.7 BL.1 0.2 8.8 31, 000 12, 000 14 18
36-44___ - 52,8 50.7 9.4 8.2 58,000 21, 000 b 29
46-54. 52,4 50,5 9.2 8.6 5, 000 13, 000 20 18
55-64. 62.2 80,1 8.1 9.5 24, 000 4, 000 11 i}
65 and older.. 51.0 40,8 9.1 9.6 10, 000 1,000 4 1
Type of vehicle:
Passenger car. 53.7 51.9 8.1 a7 173, 000 42, 000 79 60
Trueks:
Single-unit, 4 tires 49, 51,8 9.1 8.0 15, 000 §, 000 7 7
Single-unit, 8 OF MOIB tIreSeum-waaseuncanawmauan 46.6 47,8 7.8 6.9 10,000 3,000 4 4
Combination 47,9 49,0 6.9 6.0 20, 000 20, 000 9 28
Bus. 64,4 54.b 7.8 8.7 1, 1,000 1 1
Passenger car:
Horsspower:
Less than 110. 52.0 50,8 8.8 9.2 62, 000 16, 000 36 38
111-130 53,6 51,4 8.8 9.4 33, 000 8,000 19 18
131-170... 54.5 52,9 8.2 10.1 31, 000 8,000 18 19
171-225_ 55,2 53.4 9.2 9.7 31, 000 7,000 18 17
226-300. 56.0 54,1 9.3 10.0 15,000 , 000 9
3801 or more 54,7 56.4 8.6 9.3 1,000 ) 0] ®
Body style:
2-door sedan 52.8 5L.7 8.9 9.1 55, 000 14,000 32 32
4-door sedan 53.0 5L 6 8.6 9.3 75, 000 17,000 43 40
Solt fop convertible 54.4 61,8 9.5 0.7 §, 000 1, 3 4
Hard top 64. 4 52,7 9.2 9.6 17, 000 5, 000 10 12
Station wagon 56,3 62.9 9.3 11.8 20,000 5, 000 12 13
Sports car. 60.3 57.2 10.2 9.9 1,000 2 (O] 1
Age (years):
Under 1.. ——- 54,9 53.4 9.1 2.8 10, 000 2,000
U 55.8 53,6 9.2 10.1 36, 000 8,000 21 19
2-2.9. 54,7 82.6 9.1 9.7 30, 000 7,000 17 16
3-3.9 54,1 62,1 8.9 9.7 22,000 5, 000 13 12
4-4.9 53.6 52.0 8.9 9.5 17,000 4,000 10 10
5-5.9. I~ 53.1 51,8 8.8 9.5 16, 000 4,000 9 10
00,0 e e 52,3 50.8 8.7 9,2 13, 000 4,000 8 8
7-17.9 - - 51,9 50.8 3.8 9.0 11,000 3,000 8 7
8-8.9 - 51,5 50.5 8.8 9.4 7,000 2,000 4 i}
9-9.9. 50.8 49,3 8.7 9.5 4,000 1,000 2 3
10 or more 49.4 49,2 9.0 8.9 7,000 2,000 ¢ b

1 Less than 0.5 percent, 2 Less than 500 drivers.
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of passenger car and averaged 60 miles per hour
in the day and 57 miles per hour at night. There
was less difference in mean speed at which the
cars having other body types were driven, partic-
ularly at night. During both day and night hours,
newer cars were driven at the higher speeds.  For
example, during the day, cars less than 3 years
old were driven at a mean speed of 55 miles per
hour, and cars more than 10 years old were driven
at a mean speed of only 49 miles per hour. There
was little differsnce in variance in speed among
the various passenger car age groups.

Summation

In summary, for nearly all driver and vehicle
characteristics studied, only a moderate variation
was noted in the mean speeds and the variability
in speeds. For all characteristics studied, single-
unit trucks having 6 or more tires had the lowest
mean speed, 46.6 miles per hour, and the sports
cars had the highest mean speed, 60.3 miles per
hour as shown in table 50. Figure 15 data show
the cumulative speed distributions of the actual
day data (dashed curves) for these extremes.
The mean values for night data were closer
together and are not shown. These two dis-
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Figure 15—Cumulative percent of vehicles travel-
ing less than speed indicated, day.

tributions demonstrate the range in speed dis-
tribution obtained for the various characteristics
of drivers and vehicles on the 35 study sections.
On any single study section the variance in
speeds would be somewhat less.

Figure 15 also shows fitted cumulative frequency
distributions (solid curves) computed from the
mean speed and standard deviation and assuming
a normal distribution of the data. It is evident
that the difference between the actual data and
the fitted curves are very small indeed, thus
indicating that the actual data does follow

Table 51.—Percent of registered drivers and vehicle-miles and the ratio between the two by age and sex of driver, day

and night
Vehicle-miles
Ratio (Percent of
Age of driver Percent of Total Percentage vehicle-miles to
registered percent of registered
rivers! drivers)
Day Night Day Night Day Night
MaLE
Under 20« 6.9 72, 808, 000 33, 488, 000 3.0 4.0 0.43 0.58
20-24. 8.2 200, 183,000 82, 088, 000 8.3 9.9 1.01 1.21
25-29 10.5 279, 931,000 123, 065, 000 1.6 14.8 110 1.41
30-34. 12.6 338, 106, 000 145, 886, 000 14.1 17.5 1,12 1.39
35-44 23.3 653, 534, 000 243, 621, 000 27.2 29.2 117 1.26
45-f4, 18.7 483, 794,000 149, 246, 000 20.1 17.9 1.07 0.96
55-64. 12.6 260, 811, 000 486, 249, 000 11.1 5.5 0.88 0.44
8508 OVer - oo 7.2 110, 853, 000 9, 688, 000 4.6 L2 0. 64 0.17
TOTAL 100.0 2,406, 070, 000 833, 611, 000 100.0 100.0 100 1.00
FEMALE
Under 20. oo cememee 5.7 17, 676,000 2,832, 000 4.8 4.0 0.84 0.70
20-24. 8.9 34, 745, 000 11,188,000 9.3 18.0 1.04 2,13
25-29 14.2 40, 433, 000 9,043,000 10.8 15.4 0.76 1.08
30-34. 14.8 40, 388, 000 9,780, 000 13.3 18.6 0.90 1.12
35-44 27.5 97, 881, 000 15,161,000 26,3 25.7 0.96 0.93
45-54. 17.6 79, 437, 000 8, 805, 000 21.3 14.6 1.21 0.83
55-64. s 83 41, 837,000 2,121,000 112 3.8 1,35 0.43
85 OF OVEL o < o oo 3.0 11, 197, 000 672, 000 3.0 1.1, 1.00 0.87
TOTAL 100.0 372, 594, 000 58, 902, 000 100.0 100.0 1.00 1.00

1 Interpolated from motor-vehicle use study data for 15 States.
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Figure 16.—Percent of travel, by age of
driver, day and night.,
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Figure 17.—Percent of travel, by female
drivers, day and night.

closely a normal distribution. Thus, given the
mean value and the standard deviation as shown
in table 50, the speed distribution for any charac-
teristic may be closely specified. The middle
pair of curves in figure 15 show a cumulative
speed distribution for all vehicles. A non-
cumulative speed distribution for all vehicles is
shown as the dashed curve in figure 1.

Relative Travel

The proportion of travel by drivers varied
considerably depending upon their age. During
the day, for example, 35-year-old drivers con-
tributed nearly 3 percent of the total vehicle-
miles of travel; and 20- and 60-year-old drivers
each contributed little more than 1 percent of the
travel, as shown in figure 16. At night, the
younger drivers increased their proportion of the

total travel; while older drivers, particularly
those 65 and older, did much less driving than
during the day.

Table 51 data also show these relationships by
5-year, l0~year, or other age groupings. In
addition, a ratio between the percentage of
vehicle-miles and the percentage of registered
drivers has been computed for each age group,
and this is probably a more meaningful way to
compare relative travel by different age groups.
During the day, for example, a ratio of 0.43 was
computed for male drivers under 20. This may
be interpreted as follows: During the day, the
average male driver under 20 traveled only 43
percent as much on these main rural highways
as the average male driver of all age groups
combined (ratio, 1.00). At night the comparable
ratio for male drivers under 20 was 0.58.

Male drivers between 25-44 years old traveled
10-17 percent (ratios of 1.10-1.17) more than the
average driver in the day and 25-41 percent
more at night. Also, drivers beyond the age of
65 traveled about 64 percent as much as the
average driver in the day, but only 17 percent
as much at night.

On the average, female drivers accounted for 13
percent of the vehicle-miles of travel during the
day but only 7 percent of the travel during the
more critical night hours. In general, the propor-
tion of female drivers was nearly constant for the
different age groups as shown in figure 17. One
obvious exception was the 20- to 24-year-old female
who at night contributed 12 percent of all travel
by drivers of this age group—nearly twice the
percentage of any other age group of females at
night. In the day, there was a tendency for
female drivers under age 25 to contribute some-
what more travel than older female drivers.

Table 52.—Percent and cumulative percent of vehicle~miles by age of driver and passenger car, day and night

Day Night
Age of driver Age of passenger car, years Age of passenger car, years
Less than 3 3-6 6-10 10 or older Less than 3 3-6 6-10 10 or older
Cumau- Cumu- Cumi- Cumau- Cumu- Cumu Cumu- Cumu-

Tutive lative lative lative lative lative lative lative

Per- per- Per- per- Per- per- Per- per- Per- per- Per- per- Per- per- Per- per-

cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent
Under 20..... 2 2 3 3 i} G 7 7 4 4 5 5 10 10 12 12
20-24 . e 7 9 9 12 12 18 12 19 12 16 16 21 16 26 15 27
2544 _oenean 52 61 50 62 A6 64 39 58 58 74 55 7% 52 78 42 69
45-64. oo 35 96 33 95 30 04 31 89 98 23 99 20 98 29 08
65 or older... 4 100 8 100 & 100 11 100 2 100 1 100 2 100 2 100
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The ratios shown in table 51 also compare the
different age groups of female drivers. In gen-
eral, the older and younger female drivers drove
less than the average female driver but the differ-
ence was less pronounced than for male drivers.
The relatively large amount of night travel by
20- to 24-year-old female drivers also shows up
clearly in table 51.

As shown in table 50, members of the Armed
Forces contributed 3 percent of the travel during
the day and 5 percent at night. The higher pro-
portion of night travel by members of the Armed
Forces is to be expected because military drivers
were predominantly in the younger age groups who
increased their share of all travel at night. During
the day, for example, 38 percent of the drivers who
were members of the Armed Forces were under age
25 compared to only 11 percent of the nonmember
drivers. Similarly, only 1 percent of the drivers
in the Armed Forces were older than age 44 com-
pared to 17 percent of nonmembers.

Ag data in table 50 show, combination trucks
contributed only 9 percent of all travel in the day,
but at night the proportion increased sharply to
28 percent of all travel. This should not be inter-
preted as indicating more truck travel at night.
Rather, as other studies have shown, trucks pro-
vide a more consistent traffic volume throughout
the 24 hours of the day. However, passenger cars
show much greater variation in trafic volume,
peak volumes occur during the day (except in a
few winter months) and very low traffic volumes
ocecur shortly after midnight. Thus, trucks con-
stituted a higher percentage of the lower propor-
tion of night traffic volumes. The proportion of
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travel by passenger cars was correspondingly re-
duced from 79 percent of all traffic in the day to
60 percent at night.

Table 50 data also show that local drivers re-
siding within the study county did relatively less
travel at night and out-of-State drivers slightly
more travel at night. There was little difference
in day or night distributions of travel by horse-
power, body style, or age of passenger car. Newer
cars contributed the greater proportion of all
travel. Cars newer than 4 years, for example,
provided about half of all travel, day and night,
and cars older than 10 years provided less than 5
percent of the travel. This has important impli-
cations when important modifications are consid-
ered in the vehicle. Auny such changeover would
have a nearly universal effect within 10 years—at
least on main rural highways.

It might be expected that younger drivers would
be more likely to drive older cars andconversely
older drivers would be more likely to drive newer
cars. The data support the first part of this state-
ment but not the latter part, In other words,
both older and younger drivers drove older cars
while middle-aged drivers, drove the newer cars.
During the day, for example, drivers under the
age of 20 drove only 2 percent of cars less than 3
years old but, a very large amount by contrast,
7 percent of cars more than 10 years old, as shown
in table §2. Similarly, drivers 65 or older drove
only 4 percent of the cars that were less than 3
years old but operated a fully 11 percent of the
cars that were more than 10 years old. However,
drivers in the 25- to 44-year-old age group drove
52 percent of the cars less than 3 years old but only
39 percent of the cars more than 10 years old.



