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the space remains gvailable for it is barely
16 frame intervals (233-217) until car D
appears before the camera. This means
since it is traveiing 38 ft. in each interval
that it is 38 X 16 ff. or approximately
608 ft. away. The time-opportunity
which ear A would have in which o pass
car B would be equal fo the speed of B
plus the speed of the approaching car D,
in feet per second, divided into the dis-
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within practical lmits, for the driver’s
estimate of distance is far from accurate.

In order to estimate the minimum time-
opportunity necessary for passing, it was
found convenient to arrange the 386 sam-
ples in ascending order, starting with the
shortest time-opportunity recorded, and
then to express in percentage the number
of samples equal to or less than each of g
series of wvalues. The shortest time-
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Figure 3. Time Required for Vehicles to Pass in Traffic, Assuming That Those Ready to Pass

in the Photographs Proceeded to Do So.

tance between cars B and D. In this
case;
608

128
= 4.7 see.

Passing time opporfunity =

In actual computation the positions of
the cars are also used. The results, of
eourse, are approximate and based upon
the assumption that the speeds remain
ponstant. The accuracy, however, is

386 Observations

opportunity which a vehicle was observed
to have available for passing was 5.2 sec.
Two per cent had 7 sec. or less, 20 per cent -
had 15.5 see. or less, 30 per cent had 19.2
gec. or less, ete.

Obvicusly the shortest time ohserved
could not be accepted as the average
minimum time necessary for passing or as
a minimum at all, for in 386 cases one or
more instances might have oceurred in
which a vehicle passed without sufficient
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roon, causing the approaching car to slow
up or pull over,

As a means of deciding the least time
mterval which should be safe for passing,
the data were plotted op logarithmie
probability paper.

With the data at hand, the points fall
on approximafely a straight line from
about the 7 per cent valye to the 95 per
cent value. Since g positive interval ig
required for passing in every case, the
curve cannot he expected to pass through
& Zero point or cut the abscissa, but must
“break™ or at least change its slope.  The
result desired is to find, if possible, the
least time interval which & driver may
expect to use with safety in passing. The
choice of a4 minimum time interval must
of necessity he arbitrary, so far as is
known now. Therefore the arbiftary
selection was made of that point, where
the data show the linear curve ceases to
approximate the general relation of num-
ber of passings to time interval of Dassing,
With these considerations in mind, 7 per
cent of the passings corresponding to
9% sec. or less, have heen judged to have
been influenced by conditions of better
cars, more skilled drivers oy several other
unusual factors which may have modified
the passing time.

To be on the side of safety, 10 seconds
may be chosen as the Jeast interval in
which the average driver will attempt to

pass. Furthermore, if the following car
were traveling at the same speed ag the
leading car, it would take about L sec,
longer to pass.

This time interval in turn may he used
to find the distance for Dassing under
given conditions of speed. Let the speed
of the vehicle D (Figure 2) on the oppo-
site lane be 40 miles per hour, and the
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speed of the car B to he Passed 35 miles
per hour:

Distance
¥y T s = 10 see, op

(40 1 35) 1466
D=10x (#0 4. 33) 1.466 = 1699.5 ft.
The term (40 -+ 33) 1.466 equals the
speed in ft, per gec, at which the distance,

Or gap, is being closed.

ANALYTIOAT METHOB op DETERMINING
DISTANCE roR PASSING

The distance required for passing may
be determined by a mathematicsl analy-
sis of the speed and spacing of vehicles.
With vehicles traveling at diverse speeds
it is evident that the fast moving cars
overtake and pass the slower ones, For
passing to take place there must be at the
instant of overtaking, a sufficient gap on
the oppesite lane, But common ohserva.
tion proves that the gap may be too small
for passing, and it becomes obvious that
a fast moving car must slow down behing
slower moving vehicles unti] there is an
opportunity for passing. By malking cer-
tain assumptions, it hecomes possible to
estimate the least space and time in which
a driver will attempt to pass, The fagtest
moving vehicle will probably accelerste
to the highest ohserved speed when it has
space to do so, and thep spend whatever
time iz thus gained in waiting for apn
oppartunity to pass.

For the purpose of illustrating the
method of analysis, dats taken on Route
U. 8. 20-18, 2.4 mijles west of Norwall,
Ohio will be used. Thig section of high-
way is of concrete, 20 £, wide, with a curh
on the south side. The average traffic
density (on both lanes) was 880 vehicjes
ver hour. The speed range for the east
bound traffic is shown by Figure 4, 4o
have been from abouyt 24.2 miles per hour
to 50 miles per hour, the range from the

3
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1 per cent to the 99.8 per cent absecissag
being chosen as the extent of the relia-
bility of the data.

With the highest observed speed 50
miles per hour, it is assumed that the
Lighest maintained speed would be 10
miles less than this, or 40 miles an hour.
This difference approximates the 9.7 miies
an hour previously mentioned. The car
with the highest speed, averaging 40 miles
an hour will approach and pass all slower
moving cars or those with average speeds
of 39 miles an hour or less. The speeds
were observed to the nearest mile per
hour.,

HIGHWAY RESEARCH BOARD

The factor 1.466 changes miles per hour
to feet per second.

If car A, however, accelerates from 40
to 50 miles per hour, and then maintains
this speed as long as possible, it will close
the gap in a shorter time. The average
acceleration in high gear, and the average
deceleration against the engine, may be
taken as 3 ft. per sec, per sec.?

From the relation, V = at, wherein V
equals velocity in feet per second, a =
acceleration in feet per second per second
and t = time in seconds, it is found that
it would require 4.9 sec. to accelerate 10
miles per hour {or 14.66 ft. per seec.) and
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Figure 4. Distribution of Vehicle Speeds Shown on Arithmetic Probability Paper

Referring to Figure 2, it becomes clear
that during a performance or cycle of
passing, car A starts from behind car B,
passes B and approaches to the rear of
car K. In this maneuver, car A has
closed up on car E a distance equal to the
average spacing between vehicles, in this
case 406 feet.

If car B is traveling 39 miles an hour,
the time for car A traveling at a constant
speed of 40 miles an hour to close this gap
would equal:

406 ft.

= 277 sec.
{40 — 39) 1.466 ft. per second 77 sec

the same time to decelerate, or 9.8 see.
in all.

During this 9.8 seconds car A is aver-
aging 45 miles per hour and the gap (406
feet) to the car E ahead, which is traveling
39 miles an hour, is being elosed at the
rate of (45 — 39) = 6 miles an hour, or 8.8

3 Buch an estimate of the accelerating ability
of two popular makes of cars was given by the
regpective car manufacturers, for 1928 to 1935
models. This estimate also agrees with that
included in A Photographic Method of Inves-
tigating Traffic Delays,” by Dr. Bruce D.
Greenshields, Proceedings of the Twentieth
Annual  Michigan Highway Conference,
(pp. 16-36).
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feet per second. Thus 9.8 x 8.8 or 86.2
feet of the gap is cloged during the 0.8
seconds. The remainder of the gap,
406 — 86.2 = 319.8 feet, is closed at the
rate of (50 — 39) = 11 miles per hour,
80 that it takes

319.8 ft. Y
(50 — 39) 1.466 (f%. per second) ~

seconds.
The net time gained by increasing the
speed equals:

406 £t.
(40 — 39) 1.466 (ft. per second)
—- (9.8 1108) = 2474 seconds

Time =

The first term equals the time to close
the gap at & speed of 40 miles an hour, and

shown on the horizontal axis, Figure 4.
This range in percentage may be assumed
to represent 100 ears, which is about the
least number that would give afl repre-
sentative speeds, or any larger number,
The fact that equal nerements along
the X axis are not represented by equal
spaces makes it impossible to find by
integration the total time gaired. TFor
this reason it was found expedient to cal-
culate the time gained in overtaking vehi-
cles with speeds differing by some suitable
interval such as 1, 2 or 5 miles an hour
and then to plot the results to give the
curve shown in Figure 5, where the per
cents corresponding to those in Figure 4
are represented by egual intervals along
the X-axis. The area under the curve
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Figure 5. Percentage of vehicles averaging 40 miies per hour, which, by increasing speed fo
60 miles per hour in overtaking the car ahead, would gain time equal to or less than that shown

by the ordinates in passing the vehicles traveling

at 24.2 to 39 miles per hour in the same direction

under traffic density of 880 vehicles per hour for both lanes,

8.8 4 19.8 equals the time required at
the increased speed.

The time gained in overtaking any
other car traveling at a slower speed such
as 35 miles an hour would be found by
substituting 35 in the caleulations in
place of 39.  The slowest car to be passed
&s shown by the speed distribution curyve
would be one traveling 24.2 miles an hour.

The speed range, 24.2 miles an hour to
3% miles an hour, corresponds o 3 range

-of from 1 to 73.6 per cent of the traffic as

which may be measured with a planime-
ter, represents the total time gained in
passing all slower cars.  This area divided
by the length along the X-axis gives the
average height of the curve which in this
case equals 47.0 sec, the average time
gained in overtaking the car ahead by
increasing speed. This is the average
time which may be used in waiting for an
opportunity to pass without lessening the
average speed,

‘The space-opportunities for passing
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that cccurred on the opposite lane were
arranged in ascending order and the per-
centage of spaces equal to or less than
each of a series of spacing-in-feet values
were plotted on semi-logarithmic paper,
Figure 6. The average number of oppor-
tunities for passing which would occur
during the average 47.0 sec. of waiting

Parcentage of Spaces Equol toor Greater Than
o 96 &6 70 G0 50 40 30 o |
T i)
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approaching vehicle. With the average
speeds on the two lanes 40.5 and 36 miles
per hour the time of closing the space-
opportunity becomes:

546 11,
(36 + 40.5) 1.466 (ft. per second)
= 4.87 seconds

The average time gained, 47.0 seconds
(average height of curve, Figure 5},

leoso — divided by 4.87 seconds, the time for the
] average space interval of 548 feet to be
Loon ;
'.' TABLE 11
] SuMMarizED REFERENCES RELATIVE T0 VEHI-
2000 /é cLE DENSITIES as CORRELATED WITH
. MiNtvoM Passing Spaces
Pliiiiriom rsionce for Fassirg /4}'9/2‘7"
! Density in | Mini Av.  {Mini
1000 o Vebioles | Spucing 1| Speed | Timein | Number
Per Hour— | Feet for in - | Sec for Oob en.
‘/ Both Lanes | Passing | M. P. H. | Passing | Ubserved
w500
W 1694 1250 37 11.1 HE
.E‘ b 1125 39.5 0.9 100
£ ¥ 880 1450 36 5.2 413
o 200
g L~ 1050 39 9.5 387
o // 836 1260 36 1.2 2682
106 1160 41 10.3 2518
~ 745 1300 35.5 | 11.4 100
N e 1500 | &2 | 131 | 100
. Averages | 1262 38.1 11,2
590 2150 40 339
B 0 30 a0 50 60 70 B0 30 Tod 1650 43.5 381
Percentoge of Spaces fqual to orless Than 337 2500 41.6 217
2200 40.2 203

Figure 6. Spacing in feet between vehicles.
West Bound Lane, U. 8. ¢0 West of Norwalk,
Ohio.

would equal the number of spaces that
became available during 47 sec.

The average distance between the cars
approaching on the opposite lane in the
example being used was 546 ft.

" The time for each average space inter-
val of 546 feet found on the opposite lane
to be closed would equal 546 divided by
the combined average speed in feet per
second ¢f the vehicle to be passed and the

closed, equals 9.6, the average number of
opportunities for each passing. If the
driver has 9.6 opportunities and can see
far enough ahead he will logically select the
iargest one. This would be represented
on Figure 6 by the space corresponding to
100 %qg or 89.6 per cent which equals
about 1450 feet. This is the largest op-
portunity for passing that will present
itself during the 47 sec. that can be used-.
for waiting without lessening average
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gpeed. It may therefore be considered
to be the average minimum space that
should be used for passing under the con-
ditiens of the traffic sample being used in
thig cagse. Traveling in the other direc-
tion the corresponding distance for pass-
ing derived by using the observations
taken on the opposite lane was found to
be 1050 feet.

In a similar manner minimum passing
distances and times were determined for
various traffic densities with the resuiis
shown in Table IT.

It will be noted that when the density
drops to about 6060 vehicles per hour, the
spacings available for passing are greater
than the minimum required.

CONCLUBION

Motorists in passing where they can see
ahead and when car speeds average 35
miles an hour, appeared in these studies to
allow themselves a minimum of 10 sec-
onds and 1000 feet.

For the sake of safety, therefore, pass-
ing should be prohibited where the clear-
sight distance does not extend beyend
1000 feet. Where higher speeds prevail,

¥

the distance should be greater. Many
cars undoubtedly pass with less than the
safe minimum distance. The approach-
ing car is evidently depended upon to give
way or reduce speed in order to avoid an
accident. )

It is freely admiited that the regults
obtained in this investigation are only
approximate and that some of the as-
sumptions and perhaps even the methods
of analysis are open to eriticism. Tt is
believed, however, that an approximate
answer based upon observed behavior ig
better than a purely theoretical one, If
the paper has done nothing more than to
suggest a new method of attack on traffie
problems it has served its purpose.

Studies of traffic behavior continually
confirm the judgment that 500 vehicles
constitute a sufficient sample from which
to draw conclusions, and that as few as
100 will show consisient characteristies.
With this fact established it hecomes
easier to determine fundamentals of traf-
fic behavior, such as the one taken up in
this report. It is believed that a thor-
ough knowledge of these fundamentals is
a prerequisite to successful highway de-
sign and traffic regulation.

DISCUSSION ON “DISTANCE AND TIME REQUIRED FOR PASSING
VEHICLES”

D=r. H. C. DickinsonN, National Bureau
of Standards: In your statement, do you
mean the distance that the one car will
travel In 10 or 11 seconds or the distance
two will travel in 10 or 11 seconds?

Dr. Greensgreips: Two cars; the car
approaching on the opposite lane must be
considered.

Dr. Dicxkinson: Then I must dis-
agree. 1 am afraid there is a discrepancy
somewhere and I should like to clear up
just where it is.

Dr. Greensnterps: In answer to your
question, I may say that possibly your
answer of & sec. corresponds to the 10 sec.
that 1 got. A person may pass in 8 sec.
but the average person will usually allow
himseli 10 sec. to clear the car coming
from the opposite direction.

Mz. C. N. Conner, U. 8. Bureau of
Public Roads: Were your tesis all made
on independent locations up and down a
road or on a selected strip?
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Dr. Greensarenps: They were taken
in 6 or 7 locations but we tried to pick out
tangents,

D=. Dickinson: In your studies would
vou be able to draw any conclusions as
to what safe sight distance would be.

Dr. GreepnsupreLps: About 1600 feet.
Dr. Dickinson: At what speed?

Dr. Greenszrerps: About 50 miles
per hour. I do not know what the aver-
age person might say. I am giving what
the average person apparently thinks is
safe, as indicated by his performance.

Dzr. Dicrnsow: Frankly, I do not
think that indicates the average person’s
observation at all.

D=x. GreEENsHIELDS: In our analysis we
made 1o attempt to pick individual cases.
We took some observations in heavy traf-
fic and some in light. We know that cars
traveling at various speeds on one lane
of travel must pass each other. They
must pass in the space opportunity that is
avaiiable and that space must be some-
where near the average that they use.
We determined by our methods of analysis
what average minimum space was used
in passing. - By one method we secured
10 seconds and by the other 11 seconds.

Dr. Dicgmson: It seems to me that
speed is important. In our observations
each test was made by a driver starting
from a safe distance behind the car which
he was to pass, and travelling at the same
speed, then accelerating past the other
car. The time recorded is the time
during which the left hand lane was ob-
structed by the passing car. The maneu-

. ver was always made as rapidly as prac-

ticable as if there were another car
approaching. The distance or fime re-
quired to pass is the same for the speeds
from 10 miles per hour to 50 miles per
hour. If you take all observations and
average them up you get a constant

result, We have done it fime and time
again and repeafed it under the same
conditions, with several different drivers
and with different cars and different
speeds. The results are sll surprisingly
close. They are all in the range 5 to 7.
You just cannot get anything else. I do
not think any assumption about what
people actually do under condifions that
do not call for prompt action really tell
you anything.

Mz, Coxwer: Dr. Dickinson, were
your tests made at any time whatever or
when traffic was light or heavy?

Dr. Dickingon: We had nothing to do
with traffie. The maneuver was always
made as if traflic were heavy but actually
there was not much oppesing fraffie.
Tests could not have been made rapidiy
if there had been much traffic.

Mz. Conner: There is a large differ-
ence hetween your tests and the other
tests. You had practically a clear road
with more or less selected drivers. The
conditions were not exactly comparable.

Dr. Drexinson: We made the tests
under conditions that de exist all the
time, whether adversely or otherwise.
The fact that there wasn’t any car coming
to require getting back in the right lane
to avoid crowding it made no difference.
The driver was instrueted to get baek in
the lane as soon as it was safe to do so.

Mz, W. A, Susvrow, U, 8. Bureau of
Public Roads: If you take actual travel,
he would have to consider whether the
other car might speed up. You did not
have any such consideration.

Dr. Dicginson: We made no tests in
which the other car speeded up. Such
tests would have little significance as they
would depend on how much speeding up
was done. If the other driver aceelerates
it may be impossible to pass at all, but
in this case it usually is an easy matter
to drop back in time to avoid trouble.






