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Applicable formulae f o r different height c r i t e r ia are shown in Figure 1. In this de
sign condition the length of control sight distance (S) frequently exceeds the length of 
vert ical curve (L) . Accordingly, the two-term formula governs and i t is necessary to 
show the effect of lower c r i t e r i a as a range of values over l ikely design values. Table 
3 presents these data. 

These values show somewhat higher proportional effect, but a l l less than a 12 per
cent increase. Except fo r low design speed, i t is usually impracticable to design 
crest ver t ical curves to provide for passing sight distance because of the diff icul ty of 
f i t t ing the required long vert ical curves to the terra in . Ordinari ly, passing sight dis
tance w i l l be provided only at places where there are no crest ver t ical curves. There
fore , a lowering of height of eye w i l l l i t t l e affect design for passing sight distance. 

Also, as i n the case of stopping sight distance, the formula for passing sight dis
tance is based on so many variables that a reduction of up to 12 percent i n sight dis
tance does not appear to be of concern at this time. As shown in the diagram on page 
437 of the AASHO Policy on Geometric Design there is a generous factor of safety in 
the formula because the passing vehicle can return to its proper lane at any time be
fore coming abreast of the overtaken vehicle should an opposing vehicle come into view 
over the crest of a h i l l . 

Trucks vs. Passenger Cars 

The above comparisons a l l concern passenger cars. I t i s general knowledge that 
trucks have a greater total height and a higher height of dr iver ' s eye than do passenger 
cars. With a lower weight-power ratio trucks operate slower than passenger cars on 
upgrades. Also by regulation in some states, their speeds are 5 to 10 mph slower— 
although this should be discounted in terms of actual speeds found. On the other hand, 
braking distances for loaded trucks are known to be greater than for passenger cars. 
In the developed design basis i t was assumed and currently accepted that these oppo
site factors tend to balance each other and passenger car c r i t e r ia are used. To date 
there appears to be no concern regarding lowering of truck dr iver ' s height of eye, 
since there is no downward trend as fo r passenger cars. The same applies to buses, 
both interstate and urban types. 

SUMMARY 

While there is a downward trend in the total height and resulting level of dr iver ' s 
eye f o r passenger cars, i t s result on the sight distance over crests does not appear 
to be significant enough to warrant cliange in presently used design methods and stand
ards. Current passenger car models have driver eye height that reduces crest sight 
distance by somewhat under 5 percent and the l ikely lowest future range may reduce 
the sight distance upwards of 10 percent. These percentages are unimportant con
sidering the variables upon which current design formulae are based. Therefore, i t 
i s the opinion of the wr i te rs that present and prospective lowering of height of dr iver ' s 
eye in passenger cars does not warrant any change in present methods of designing 
crest ver t ical curves. 

III. Driver Passing Practices' 
O.K. NORMANN, Deputy Assistant Commissioner for Research 
Bureau of Public Roads 

• THERE ARE several arguments fo r and against the increases that have been made 
since the end of World War I I in the horsepower of passenger cars. One of the advan-

' A n abstract based on material presented at the Annual Meeting of the Institute of 
Tra f f i c Engineers, September 1957. 
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Figure 1. Trend of maximum oar speed from 
1930 to 1955. 

tages cited is the abil i ty to complete pass
ing maneuvers in less time, thus reducing 
the possibility of being caught i n the le f t 
lane of a 2-lane road with an oncoming 
vehicle rapidly reducing the time interval 
between l i f e and death. This is closely 
all ied with the lower height of the dr iver ' s 
eyes in the newer cars which, under cer
tain highway conditions, reduces the dis
tance that the driver can see a clear road 
ahead. Many persons have become s u f f i 
ciently concerned with the change in these 
two characteristics of vehicle design to 
recommend that their effect as related to 
the present practices of marking no-passing zones on 2-lane highways be investigated. 
I t can now be reported that a step has been taken in that direction. 

Figure 1 illustrates the increase that has taken place in the speed potential of American 
stock cars—the vehicles that are operated on the highway systems. The big increase in 
horsepower f r o m 1954 to 1955 is not reflected tn maximum speed. Theaverage 1941 model 
was capable of attaining a speed of 86 mph, with a range of f r o m 78 to 101 mph. The possible 
speed of the average 19 55 model was 97 mph, wi th some models capable of about 110 mph. 

Between 1938 and 1940 the Bureau of Public Roads conducted a comprehensive series 
of investigations of passing practices on 2-lane highways. Detailed data were recorded 
fo r a total of 21,000 passing maneuvers at 32 locations in seven states. In looking fo r 
sites to observe present-day passing practices, i t was found that at three of these old 
locations there had been no change since 1938 in the geometric highway features—sur
face width and condition, shoulder width, and sight distance conditions remained un
changed fo r nearly 20 years. Thus they were ideal locations to obtain a comparison of 
present passing practices with the passing practices in 1938 when cars had much lower 
horsepower ratings. 

The data were obtained during the recent studies by manual observations and were 
much less detailed than the 1938 records made with a rather elaborate setup of elec
tromechanical equipment. I t i s believed, however, that the manual recording furnished 
sufficient information to reveal any marked change in passi i^ practices over the 19-
year period. 

One of these study sections had an 1,800-ft passing sight distance located between a 
horizontal and a vert ical curve; the second section had a 2,400-ft passing sight distance 
located between two vert ical curves; and the th i rd section had a 3,300-ft sight distance 
between a vert ical and a horizontal curve. Each of the three sections was the best 
passing location for several miles on the particular highway involved. Fortunately, i t 
was possible to schedule the recent studies so that the t r a f f i c volumes and study periods 
were s imilar to those for which data were recorded in 1938. 

Figure 2 shows that there was a high demand on a l l three sections for the pe r fo rm-
>. ance of passing maneuvers as measured 

by the percentage of vehicles that were 
following other vehicles at short headways 
in a queue of two or more vehicles as i f 
waiting for an opportunity to pass. A t l o 
cation 1, the studies were conducted under 
a wide range of t r a f f i c volumes. The per
centage of vehicles i n queues being r e 
stricted in speed by the vehicles ahead, 
increased with an increase in the t ra f f ic 
volume. A t location 2, the t r a f f i c volume 
was constant during the study periods on 

^ - 1, n u / u \ three different days. Location 3, wi th the 
TOTAL VOLUME, BOTH D .KT,OHS-V.P.H. (,N HUNORÊ S) ^ ^ ^ ^ ^ ^ ^ . ^ j ^ ^ ^ J ^ ^ ^ ^ ^^^^^^ 

Figure 2. centage of vehicles traveling in queues at 
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the low t ra f f ic volumes because sight dis
tances sufficient for performing passing 
maneuvers were less frequent on this high
way than on the other two. 

Figure 3 shows the number of passings 
accomplished per hour on each of the three 
sections during various hourly t ra f f ic vo l 
umes, in 1938 and 1957. On section 1, 
which had the shortest pass i i^ sight dis
tance, less than one-third as many pass
ings were accomplished during the 1957 
studies as during the 1938 studies at s i m i 
lar t ra f f ic volumes. A t the second loca
tion, with the intermediate sight distance 
length of the three locations, 39 passings 
per hour were performed in 1957 as com
pared with 52 passings per hour in 1938 at 
the same t raf f ic volume. At the th i rd l o 
cation, with the longest sight distance, 

more than twice as many passings were performed per hour in 1957 as in 1938 during 
s imilar t r a f f i c volumes. These comparisons indicate that dr ivers are now apparenUy 
more reluctant to imdertake a passing maneuver on the shorter sight-distance sections 
and less reluctant on the longer sight-distance sections than the drivers were in 1938. 
One might therefore conclude, that fo r some reason or other, drivers today are more 
cautious or have a better understanding of the dangers involved in performing passing 
maneuvers at short sight-distance locations, despite the increased horsepower of their 
velucles, than drivers were in 1938. 

T A B L E 1 

COMPARISON OF PASSING PRACTICES IN 1938 AND 1967 
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Figure 3. 

Such a conclusion is, however, unwar
ranted by these l imi ted studies. 

A comparison of the results of the 1938 
and 1957 studies is shown in Table 1. 

Detailed data were obtained for 608 
passing maneuvers in 1938 and for 476 
passing maneuvers in 1957. The 1957 
data were separated into two groups, one 
including passing maneuvers performed 
by 1954-model or older vehicles, the other 
including 1955, 1956, and 1957 model ve
hicles. The break was made between the 
1954 and 1955 models because between 
these two years most automobile manu
facturers made the greatest increase in 
the horsepower of models they were pro
ducing or went to new models with a very 
substantial increase in horsepower. 

From 1938 through 1954, of course, 
there had been periodic increases in the 
horsepower of practically a l l makes which, 
over the years for some of them, totaled 
considerably more than the 1954-1955 i n 
crease. Nevertheless, i t seemed desir
able to divide the 1957 study data into two 
groups, part icular ly since the one group 
thus includes only "new" vehicles—those 
less than 2% to 3 years old. A grouping 
by horsepower or by horsepower-weight 
rat io fo r the newer vehicles might have 
been desirable for this study, but i t was 

study 1938 study 1957 study 
section Al l 1954 and 1955-57 

models older models models 
Number of pa ssings studied 

1 130 46 90 
2 245 69 139 
3 233 45 87 

Total 6C8 l6Ti 3I5 

Average speed of passed vehicles, mph 

1 34 34 36 
2 35 38 39 
3 36 42 42 

Average 35 38 39 

Average speed of passing velucles while in left-handlane, mph 
1 44 48 50 
2 4S 51 SO 
3 46 54 56 

Average 51 52 

Average time passing vehicles were in left-hand lane , sec 
1 11.4 9.0 9.0 
2 9.0 9.3 9.0 
3 10.1 11.9 11.1 

Average T?rz TBTI "577 

Average distance passing vehicles were in left-hand lane, ft 
1 740 630 650 
2 540 700 660 
3 640 950 910 

Average B?5 

Average speed of free moving vehicles, mph 

1 42 44 
2 41 42 
3 40 49 

Average ? I 35 
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impossible to make such a classification from a visual identification since different 
horsepower engines are often used in the same body model. To stop the vehicles for 
a more accurate identification anywhere on the highway being studied would have made 
a marked change in the pattern of operation, especially with respect to speeds, the 
formation of queues, and the frequency of passing maneuvers. 

The speeds of both the passed and passing vehicles were higher in 1957 than in 1938 
(Table 1). The passed vehicles in 1957 were moving three to four miles per hour 
faster than in 1938, and the speeds of the passing vehicles were six to seven miles per 
hour higher. In this connection i t is also important to recognize that the average speed 
of vehicles unobstructed by a vehicle ahead was five miles per hour higher in 1957 
than in 1938. It should also be noted (Table 1) that the average difference between the 
speed of the passed vehicles and the speed of the passing vehicles, during the maneuver, 
was 10 mph in 1938 and 13 mph in 1957. 

TABLE 2 
SHORTEST TIME PASSING VEHICLES WERE IN THE LEFT-HAND LANE 

Study 
section 

Delayed start Flying start 
Study 

section 1938 Study 1957 Study 1938 Study 1957 Study 
A l l 1954 and 1955-57 

models older models models 
AU 1954 and 1955-57' 

models older models models 
Minimum time. sec 

1 
2 
3 

Average 

5.6 4.0 4.5 
4.3 4.5 4.0 
4.6 5.0 6.0 
4.8 4.5 4.8 

5.5 5.0 4.0 
3.8 3.0 4.0 
4.1 5.0 5.2 
4.5 4.3 4.4 

Average time for 10 percent of the passings made in the shortest time 

1 
2 
3 

Average 

7.6 5.0 5.0 
5.1 5.9 5.2 
5.8 5.8 6.4 
6.2 5.8 ^ 

6.9 5.0 5.9 
4.6 5.6 5.2 
4.9 6.2 6.6 
5.5 5.6 5.9 

TABLE 3 
SHORTEST DISTANCE PASSING VEHICLES WERE IN THE LEFT-HAND LANE 

Delayed start Flying start 
Study 

section 
1938 Study 1957 Study 1938 Study 1957 Study Study 

section AU 1954 and 1955-57 
models older models models 

AU 1954 and 1955-57 
models older models models 

Minimum distance, f t 

1 
2 
3 

Average 

300 340 370 
170 290 200 
310 300 450 
260 310 340 

350 350 300 
170 150 500 
260 250 430 
260 250 4lTJ 

Average distance for 10 percent of the passings made in the shortest distance 

1 
2 
3 

Average 

450 380 430 
320 460 310 
370 420 550 
380 420 430 

450 410 490 
240 480 530 
360 400 510 
350 430 510 
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T A B L E 4 

P E R C E N T A G E O F PASSING MANEUVERS C O M P L E T E D 
WITH SHORT DISTANCES TO ONCOMING V E H I C L E S OR 

A T POINTS WHERE THE SIGHT DISTANCES WERE SHORT 

Study 1938 study 1957 study 
section Al l 1954 and 1955-57 

models older models models 
Percentage of Passing Maneuvers 

Oncoming vehicle less than 200 ft awav 
1 1.5 6.5 0 
2 3.7 1.5 1.4 
3 2.2 2.2 0 

Average ITS 37? 0.5 

Oncoming vehicle less than 300 ft awav 
1 4.7 8.7 5.6 
2 9.8 3.0 5 1 
3 5.2 2.2 0 

Average 576 4.6 37? 

Sight distance less than 300 ft 
1 5.4 0 0 
2 4.1 1.4 0.7 
3 0.9 0 0 

Average 3.5 575 572 

Sight distance less than 600 ft 
1 29.3 26.1 22.2 
2 11.5 8.6 12.2 
3 5.6 11.1 2.3 

Average 1575 1575 T272 

The time spent in the left-hand lane by 
the newer vehicles in 1957 was 0. 5 sec 
shorter than the time in 1938. The dis
tance traveled in the left lane, however, 
increased 100 f t . Thus i t would appear 
tliat increasing the average horsepower 
(from 1938 to 1956) by about 75 percent 
has decreased the time needed to perform 
passing maneuvers by about 5 percent but 
has resulted in an increase of the distance 
traveled in the left lane by about 19 per
cent. This obviously is not in accordance 
with what might have been expected and 
illustrates the importance of research, 
for inquiry into the manner in which peo
ple operate their vehicles must be based 
on careful study of actual performance 
rather than on speculation or assumed 
driving practices. It is only by so doing 
that sound, effective highway design and 
traffic control can be developed. 

Even from carefully planned and exe
cuted studies, however, average values 
may be misleading. More important in 
connection with passing maneuvers may 
be the ability of a driver to accelerate his vehicle quickly and get out of a tight spot. 
Examine the passing maneuvers tliat were made in the shortest time intervals and 
shortest distances during the 1938 and 1957 studies. Table 2 shows the shortest time 
intervals and the average for the 10 percent of the maneuvers that were made most 
rapidly. Values are included for two types of passing maneuvers, called "delayed 
starts" and the "flying starts." The delayed starts include the maneuvers made by 
vehicles that had slowed down to the approximate speed of the vehicle to be passed 
prior to entering the left lane. The flying starts include the maneuvers made by ve
hicles that entered the left lane at a speed considerably higher than the speed of the 
vehicle to be passed. There is no consistent difference between the 1938 and 1957 val
ues for either of these groups, and the significance of the figures is obscure. It can 
only be observed that, in general, the new vehicles were in the left lane a slighUy 
shorter time than in 1938, but the time for the fastest maneuvers has not changed. 

Similar information for the maneuvers in which the passing vehicles occupied the 
left lane for the shorter distances, as shown in Table 3, indicates approximately the 
same relative difference between the 1938 and 1957 data as the average values. 

Since there were no accidents at these three locations during either the 1938 or 
1957 studies, and accident data are not available as yet which relate horsepower to ac
cidents during passing maneuvers, the accident potential of increased horsepower must 
be measured by the percentage of maneuvers completed shortly before meeting an on
coming vehicle or after reaching the no-passing zones. Table 4 shows the percentage 
of the passing maneuvers which were of this type. 

When the distance between two vehicles traveling toward each other at 50 mph on a 
2-lane highway is less than 200 f t , they wi l l meet in about 1.4 sec. Two and one-half 
percent of the passing maneuvers studies in 1938 and one-half of one percent of those 
studied in 1957 involving the newer group of cars were completed with oncoming ve
hicles less than 200 f t away. This is a significant difference. The figures for the 
other items shown in Table 4 are also lower for the late model cars observed duri i^ 
the 1957 studies than for the 1938 studies. Whether or not the horsepower ratings had 
anything to do with these results cannot be determined. Driver training and a variety 
of other factors may have had a more pronounced effect than the horsepower of the 
vehicles. Certainly, the new-car drivers in 1957 were taking fewer chances. 

In conclusion, i t may be stated that there is little evidence to indicate that present 
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practices of marking no-passing zones should be changed due to the changes that have 
taken place during the past years in vehicle design and driver performance. This does 
not mean, however, that present practices cannot be improved to take advantage of the 
technical information made available during the past several years. 




