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NEW TECHNIQUES IN TRAFFIC BEHAVIOR 
STUDIES 

BY THE DIVISIONS OF TESTS AND HIGHWAY TRANSPORT, PUBLIC ROADS ADMINISTRATION 
Reported by E. H. HOLMES, Highway Engineer-Economist, and S. E. REYMER, Assistant Research Engineer 

IGNIFICANT ADVANCES in the technique of 
S studying traffic movement have been made during 

the past year. New devices have made possible the 
collection of data needed in studies of highway capacity 
simply, accurately, and far more cheaply than has 
heretofore been possible. These devices also have 
opened entirely new fields of study of the requirements 
for safe operation of vehicles on our highways. 

In 1934, the Public Roads Administration began 
studies of highway capacity. In these studies, at- 
tempts to determine a reasonable or working capacity 
from theoretical computations were discarded in favor 
of determinations based upon actual driving practices 
on representative highways, and an entirely new con- 
ception of highway capacity was advanced. This con- 
ception differed basically from that of previous ap- 
proaches to the subject in that the index of highway 
congestion was based upon the opportunity for the 
individual driver to travel at his desired speed rather 
‘than upon the average speed of all vehicles. Although 
increasing traffic volumes have been found to reduce 
the average speed of traffic to some degree, this index, 
as compared to indexes of the movements of individual 
vehicles, is relatively insensitive and shows no marked 
break at which it may be said congestion begins. 

Average speeds of traffic may be determined very 
accurately by an analysis of only a sample of the 
traffic. Determination of the freedom of movement of 
individual drivers, however, requires a knowledge of 
the speed of each vehicle in the traffic stream and its 
relation to the speed and position of vehicles ahead 
and behind. Accordingly, methods had to be developed 
for determining the speeds of all vehicles so that they 
could be accurately related to one another. This 
method was described in the February 1939 issue of 
PUBLIC ROADS. 

Studies were conducted under this procedure by the 
Public Roads Administration in Massachusetts and 
New York in 1934 and 1935, and in Illinois in 1987 in 
cooperation with the highway planning survey in that 
State. However, the scope of the data that could be 
collected was limited by a variety of factors, and it 
was practically impossible to observe traffic under a 
sufficient number of conditions to provide conclusive 
results. 

IMPROVEMENT OF FIELD EQUIPMENT NECESSARY TO OBTAIN 

ADDITIONAL DATA 

The large field force needed was expensive and in- 
convenient to transport. The necessity of reading 
license numbers practically confined the work to day- 
light hours, not only eliminating the study of darkness 
as a factor in traffic behavior but also preventing 
observation of some of the heaviest traffic densities. 
Rain and cold were serious handicaps. The minimum 
length of section of 0.2 mile precluded observations 
under physical conditions prevailing for less than that 
distance. Finally, the office analysis was a tedious 
and expensive process. 
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The advantages of the method far outweighed the 
disadvantages, however. By no previously known 
method was it possible to obtain the complete in- 
formation required for these detailed analyses, and the 
value of the results in showing driver practices under 
various traffic conditions has been clearly demon- 
strated. But with the advent of the highway planning 
surveys and the completion of the basic traffic volume 
studies, the necessity for more complete knowledge of 
the factors determining highway capacity became in- 
creasingly evident. Traffic density figures for the more 
heavily traveled roads are of little value unless they can 
be evaluated in terms of highway capacity. Demand 
for information similar to that collected in these earlier 
studies showed that improvement in the field technique 
was imperative, not to improve the quality of the data, 
but because more data were needed, added conditions 
had to be observed, and the results had to be analyzed 
more quickly. . 

The requirements of a new method were definitely 
established on the basis of the earlier experience. The 
major requirements were as follows: 

1. The speeds of all vehicles must be measured. 
2. Hach speed measurement must be recorded. 
3. The time spacings between vehicles must be 

determined and recorded. 
4. The process of determining and recording these 

items for each vehicle must be completed in less than 1 
second. 

5. The records must permit segregation of data by 
traffic lanes, and the direction of travel of each vehicle 
must be indicated. 

6. All measurements and recordings must be entirely 
automatic, because of the anticipated widespread 
application of the method. 

7. Speeds must be measured with an error of less 
than 5 percent within the normal range of vehicle 
speeds. 

An extensive survey of existing methods of speed 
detection revealed that none of the available devices 
would satisfy all of the requirements and, accordingly, 
an entirely new mechanical-electrical device was 
developed. In the conception of this device, the ele- 
ment of recording was perhaps of somewhat greater 
importance than that of speed determination, for vari- 
ous electronic or other devices would suffice to deter- 
mine speed reasonably well. Since the Public Roads 
Administration had obtained satisfactory results with 
the graphic time recorder in other studies, the new 
method was developed with that particular type of 
recording device as its basic element. 

The speedmeter is fundamentally a time-measuring 
instrument consisting of a detecting unit, a timing unit, 
and a recording unit. The speed of a vehicle is ob- 
tained by determining the time it takes in traversing a 
known distance. The detecting unit functions as two 
switches placed on the road a definite distance apart. 
A vehicle in passing over first one and then the other 
of the two switches starts and stops the timing unit, 
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whereupon the recording unit records the speed of the 
vehicle. Usually the time required for the entire 
operation is less than 1 second. 

Of the several types of detecting units that may be 
used, the simplest is of the direct contact type in which 
each switch consists of a pair of continuous metallic 
tapes laid across the highway and separated at intervals 
by some flexible insulating material such as rubber. 
Detection by lanes may be accomplished by segmenting 
one of the tapes and using the other as a common 
return. 

Another type of detecting unit, commonly referred 
to as the “electric eye,” utilizes two beams of light 
projected across the highway and focused on photo- 
electric cells. This method would seem to be ideal 
since no visible contacting device is laid across the 
highway that might attract the motorists’ attention. 
However, this method cannot be easily adapted for 
use in determining the speeds of vehicles in more than 
one direction. 

Still a third type of detecting unit developed by the 
Public Roads Administration employs two pneumatic 
detectors, each consisting of a flexible rubber tubing 
laid across the road and terminated at both ends by air 
switches. This unit has been used almost exclusively 
by the Administration with considerable success, and 
has proved to be superior to the other types mentioned 
from the standpoints of operation, portability, ease of 
installation, durability, and cost. The pneumatic 
detector has been described in detail in the January 1939 
issue of PUBLIC ROADS. Slight modifications of the 
original design will be discussed later. 

NEW TYPE OF SPEEDMETER DEVELOPED 

Most of the speedmeters that have been developed 
by other agencies have employed an electronic timing 
unit based on the principle of the vacuum tube volt- 
meter. This consists of a charged condenser biasing 
the grid of a vacuum tube. When a vehicle actuates 
one of the switches in the detecting unit, the charged 
condenser commences to discharge through a resistor. 
The second switch in the detecting unit, upon being 
actuated by the vehicle, stops the discharge. The 
amount of discharge is dependent upon the time con- 
sumed by the vehicle in traveling the fixed distance 
between the two switches of the detecting unit. The 
remaining charge on the condenser causes a definite 
measurable current to flow through the vacuum tube. 
The recording unit is in this case a sensitive meter with 
a scale which has been calibrated to indicate the speed 
directly in miles per hour. 

The Massachusetts Highway Traffic Research Project 
developed a speedmeter! using a timing unit as des- 
cribed above. A more elaborate electronic speedmeter 
was developed in Illinois by Reich and Toomin.? Care- 
ful studies were made of both of these electronic 
speedmeters and although both possessed many desir- 
able characteristics, they also had certain disadvantages. 

Development work by the Public Roads Administra- 
tion resulted in the production of an entirely new 
speedmeter incorporating a pneumatic detecting unit, 
an electromechanical timing unit, and either of two 
types of recording units. 

The pneumatic detecting unit is comprised of two 
rubber tubes, each 28 feet long and terminated at both 
ends by air switches. An insulated wire installed inside 
of each tube serves as the positive return lead from the 
air switches on the far side of the road to the recording 

! Scientific American, March 1936, vol 154, No. 3, p. 122. 
? Review of Scientific Instruments, December 1937, vol. 8, No. 12, p. 502. 

equipment. A single insulated wire laid adjacent to 
one of the rubber tubes serves as the common negative 
return lead of the electric circuit. Each tube has a 
dead section approximately 5 feet long which is centered 
at the center of the pavement. This arrangement 
permits detection by lanes since each end of the tube is 
terminated by an air switch and operates independently. 
The dead section prevents a vehicle from actuating the 
two air switches at the two ends of a tube simultaneously 
should the vehicle straddle the center of the pavement. 

© 
Fiagure 1.—AssEMBLED AIR SwitcH (Top) anD COMPONENT 

Parts. 

Formerly, this dead section was created by simply 
punching holes through the walls of the tube. This 
method proved to have some disadvantages when the 
pavement was wet because the suction resulting from 
the displacement of air by passing vehicles would draw 
water into the tube and render the operation erratic. 
On the other hand, there were certain advantages in 
perforating the tubing. It permitted equalization of 
air pressures inside and outside the rubber tubing to be 
quickly established after passage of the wheels over 
the tubing; it eliminated the effects of air surges; and 
it prevented false operation due to changes in tempera- 
ture. These advantages were particularly important 
whenever pneumatic detectors were used in connection 
with traffic counters, but for use with the speedmeter 
the only significant factor was freedom from tempera- 
ture effects. In the closed tube that was finally 
adopted the effects due to changes in temperature were 

| eliminated by making a pinhole in the rubber diaphragm 
of the air switch. In the final design the dead section 
was obtained by sealing off a section of the tube. 

The air switch employed in the pneumatic detector 
is shown in figure 1. This unit is much more rugged 
than the modified engine oil-pressure gage formerly 
used, and is readily accessible for adjustment. It is 
constructed of commercially available parts and stand- 
ard pipe fittings. 

TIMING AND RECORDING UNITS DESCRIBED 

The timing unit makes use of an electromechanical 
stepping switch of the type employed in automatic 
telephony and known as the Strowger 50-point rotary 
switch. This switch consists of a number of wipers 
mounted on a shaft which is rotated by a pawl-and- 
ratchet mechanism actuated by an electromagnet. The 
wipers are thus stepped around over a number of fixed 
contacts arranged in an arc. Since the wipers revolve 
at a definite speed, the amount of their angular move- 
ment is a measure of time. 

The contacts are grouped in a semicircular rigid unit 
called a “‘bank.’’ This bank consists of 4 levels with 
25 contacts per level. The wipers have a single wiping 
end and are arranged in pairs; 1 wiper in a pair is set 
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180° behind the other on a separate level of contacts. 
The 2 wipers constituting a pair are electrically con- 
nected in parallel. Thus, through the 2 wipers, access 
is had first to 1 level of 25 contacts, and then to another 
level of 25 contacts, a total of 50 contacts per revolution 
of the wiper shaft. 

The electromagnet driving the switch employs a 
self-interrupted circuit. Upon operating, it opens its 
own circuit, then restores, thus closing its own circuit, 
in principle resembling the action of an electric buzzer. 
With such a circuit arrangement, the factors which 
limit the rotary speed are the electrical characteristics 
of the driving magnet and the mechanical construction 
of the switch mechanism. The construction of the 
rotary switch is such that a rotary speed of 55 contacts 
per second is attained. A complete description of the 
construction, mechanical operation, and adjustments 
of the rotary switches has been published elsewhere.’ 
It will suffice here to state that the adjustments for the 
rotary switches are simple and few in number. Opera- 
tion of the Strowger switch is controlled by a set of 
quick-acting relays electrically connected to the air 
switches and actuated by the latter. Motion of the 
wipers is invariably arrested when one wiper is in con- 
tact with one of the 50 contacts on its corresponding 
level, and through the associated equipment a separate 
electrical circuit is closed to one of many recording 
elements in the recording unit. 

Under certain conditions a single timing unit can be 
used successfully on a two-lane highway; however, for 
this purpose the Administration has adopted a dual 
timing unit as shown in figure 2, consisting of two 
Strowger rotary switches adjusted to the same fre- 
quency and connected to separate recording units that 
record speeds independently by lanes. 

Either of 2 types of recording units may be employed 
with the timing unit. One type consists of a standard 
20-pen graphic time recorder, mentioned previously, 
which utilizes a strip chart. By using a novel circuit 
arrangement made possible by an additional level of 
contacts on the Strowger switch, the 20-pen recorder 
was virtually converted into a 39-pen recorder. As 
shown in figure 3, 2 sets of contacts, consisting of 19 
consecutive contacts each, were connected in parallel, 
each pair of contacts being connected to an individual 
recording pen. The first set of 19 contacts is connected 
to pens numbered 1 to 19, inclusive, in the recorder and 
indicates high speeds in the first half of the speed range. 
The second set of 19 contacts in conjunction with pen 
No. 20 corresponds to the second half of the speed 
range, the low speeds. Pen 20, by virtue of its connec- 
tion to the additional level of contacts, serves as an 
indicator of low speeds, differentiating between the high 
and low speed ranges. 

Referring to figure 4, a high speed is indicated by the 
movement of 1 of the first 19 pens, as exemplified by A, 
whereas a low speed is indicated by the simultaneous 
movement of pen 20 and any 1 of the other 19 pens, as 
shown by B. Pen 1, when operating alone, as shown 
by C, serves to indicate speeds higher than the cali- 
brated range of the speedmeter. Likewise, pen 20, 
when operating alone, as shown by D, indicates speeds 
lower than the normal calibrated range of the speed- 
meter. Moreover pen 20 serves to indicate the direc- 
tion of travel of a vehicle opposite to that normally 
recorded by the recorder, as in the case of one vehicle 

3 Characteristics of Strowger Switches, by K. W. Graybill, Circular No. 1641 
Automatic Electric Co., Chicago, Ill. 

Figure 2.—Timine Unit Usrep WHEN Srupyine TRAFFIC IN 
Two LANEs. 

passing another vehicle within the fixed distance be- 
tween the detectors. 

To accomplish the recording of the speed and direc- 
tion of the vehicle performing the passing, the operator 
depresses a lever-type key that reverses the sequential 
order of operation of the detectors in the lane occupied 
by the passing vehicle, upon its approach to the fixed 
detecting zone. The operator releases the reversing 
key after the passing vehicle has left the detecting zone. 
When the reversing key is depressed, pen 20 operates 
and remains in the operated position for the duration of 
the recording. <A high speed recording is shown by E. 
It will be noted that in this example, pen 20 was inter- 
rupted during the recording of another pen, whereas in 
the case of a low speed recording shown by F, pen 
20 is not interrupted during the recording of another 
pen. If pen 20 is interrupted during the recording of 
pen 1, as shown by G, speeds above the range of the 
speedmeter are indicated. If no other pen records while 
the reversing key is depressed, pen 20 indicates speeds 
below the range of the speedmeter as shown by H. 

OPERATION OF SPEEDMETER OUTLINED 

Figure 5 shows a speedmeter employing two 20-pen 
graphic recorders. The third graphic recorder shown 
in this figure is used in connection with a placement 
detector for recording. the transverse positions of 
vehicles and will be discussed later. 

The second type of recording unit consists of a bank 
of 20 counters of the type employed as telephone call 
registers. Each counter is individually connected to 
a separate group of contacts, ranging from 1 to 4 con- 
tacts per group, on 2 levels of the Strowger switch, 
as shown in figure 6. The circuit is arranged so that 
counter No. 1 records speeds above the calibrated range 
of the speedmeter and counter No. 20 records speeds 
below the range of the speedmeter. The calibrated 
range of speeds is recorded on counters Nos. 2 to 19, 
inclusive. Each counter records a group of speeds as 
determined by the number of contacts to which it is 
connected. In contrast with the other recording unit, 
this type does not record individual speeds but simply 
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accumulates the group speeds on the series of counters. | 
No provision is made for indicating direction of travel 

It will be noted that the wipers on levels 2 and 4 
sweep over the contacts during the first half of a revolu- 

although the circuit arrangement permits the use of ; tion and wipers on levels 1 and 3 during the second 
the manually controlled direction-reversing key. 

Figure 7 shows a speedmeter employing a single 
20-counter recording unit. 

Referring to the circuit diagram shown in figure 3, 
the operation of the speedmeter is as follows: Upon 
actuation of detector 1 by the front wheels of a vehicle, 
a circuit to relay A is closed causing relay A to pull up 
in 0.0015 second, closing contacts 1 and 2, 4 and 5, 
and 6 and 7 simultaneously. Contacts 1 and 2 close 
a circuit to the holding coil which serves to keep relay A 
in the operated position. Contacts 4 and 5 close a 
circuit causing relay C to operate. Contacts 6 and 7 
close the circuit to the rotary magnet on the Strowger 
switch, thus causing all wipers to commence rotating 
in a counterclockwise direction. 

half of a revolution. The upper speed range is covered 
by the contacts on level 2. The unused contacts on 
level 2 represent excessive speeds above the desired 
range. The speed range commences with contacts 6 
to 12, inclusive. These are wired in multiple and 
connected to recording pen 1, which represents speeds 
above the calibrated range. At the same instant that 
the wipers commence to rotate, contacts 1 and 2 on 
the ‘‘off-normal springs’? open and contacts 3 and 4 
close. This is effected by means of the off-normal arm 
(not shown) mounted on the wiper shaft. Contacts 
1 and 2 upon opening serve to open the detector 
circuit to the operating coil of relay A, preventing false 
operation by another vehicle during the ensuing 
period. It will be noted that contacts 3 and 4 on the 

cae Sat 
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trolled by the slow-release relay C. The opening of 
contacts 6 and 7 on relay B causes relay A to drop out 
to its normal position; whereupon relay A causes the 
slow-release relay C to open after a delay of 0.03 

When relay C is de-energized, contacts 3 and 
4 on relay C open the circuit of the holding coil on 
relay B causing relay B to release to its normal position. 
Relay B upon releasing in 0.0015 second, permits con- 
tacts 3 and 4 again to close the circuit to the rotary 
or driving magnet causing the wipers to resume rota- 
tion for the remaining part of the revolution—back to 
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off-normal springs parallel contacts 6 and 7 on relay A. 
Their purpose will be explained later. 

Rotation of the wipers is interrupted whenever a 
vehicle upon actuating detector 2 causes relay B_ to 
operate. .Relay B is electrically interlocked with relay 
C to prevent false operation; furthermore, relay B can- 
not operate unless relay A has been operated first, since 
relay A operates relay C. This interlocking circuit 
through relay C is for the purpose of insuring proper 
sequence of operation of the detectors and also to pre- 
vent false recording of speeds in the interval of time 
remaining after the speed of one vehicle has been 
recorded. Relay B upon operating within 0.0015 
second simultaneously closes contacts 1 and 2, 4 and 5, 
9 pad 10, and opens contacts 3 and 4, 6 and 7, and 8 
and 9, 

The closing of contacts 1 and 2 completes the circuit 
to the holding coil of relay B causing relay B to stay 
operated. At the same time, the circuit to the rotary 
magnet is opened through contacts 3 and 4, thus stop- 
ping the rotation of the wipers. Contacts 4 and 5 
upon closing complete a circuit to the recording element 
through the corresponding contact on the level and its 
wiper. The wiper remains stationary on the level 
contact for only 0.03 second, which is the time required 
to actuate the recording element. This time is con- 

(Top) AND SPEEDMETER 
Two LANES IN SPEED- 

5.—GRAPHIC RECORDERS 
UsEp FOR StTupDYING TRAFFIC IN 
PLACEMENT STUDIES. 

FIGURE 

) The resumption of rotation is referred to as “homing. 
During this period the detector circuits remain open 
until the wipers reach their home position, at which 
time the off-normal arm on the wiper shaft closes con- 
tacts 1 and 2 and opens contacts 3 and 4 on the off-. 
normal springs. The closing of contacts 1 and 2 permits 
relay A to be operated again upon actuation of detector 
No. 1. The opening of contacts 3 and 4 stops the ro- 
tation of the wipers. The speedmeter is again in po- 
sition for repeating the above cycle of operation. 

TWO METHODS AVAILABLE FOR CALIBRATING SPEEDMETER 

Hither of two methods can be used in calibrating 
the speedmeter. In the first method, the frequency of 
the Strowger switch, in contacts per second, is deter- 
mined from one revolution of the wiper shaft. The 
off-normal arm, that is mounted on the wiper shaft, 
opens and closes contacts i and 2 on the off-normal 
springs once for each revolution of the wiper shaft. The 
time taken for one complete revolution can be deter- 
mined by means of a photographic oscillograph em- 
ploying a D’Arsonval galvanometer. The oscillograph 
is connected in series with contacts 1 and 2 and a 
battery of low voltage provided with a suitable current 
limiting resistor to give proper deflection of the gal- 
vanometer. Use of contacts 1 and 2 for this purpose is 

made prior to connecting them into the circuit of relay 
A, as shown in figure 3. 

A typical oscillogram obtained on a high-speed 
oscillograph using 35-millimeter motion-picture film is 
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shown in figure 8. As determined from this oscillo- 
gram, the time required for one complete revolution 
is 0.860 second. A and B denote, respectively, the 
opening and closing of contacts 1 and 2 on the off- 
normal springs. By dividing 50 by 0.860, the Strowger 
frequency of 58.2 contacts per second is obtained. 
Having obtained the Strowger frequency, the calibra- 
tion may be completed graphically from the curves as 
shown in figure 9, or mathematically as will be shown 
later. 

Referring to figure 9, the Strowger frequency is shown 
by the straight-line curve. The hyperbolic curves are 
speed versus time curves for three detector spacings. 
From these curves the maximum speed for each con- 
tact is obtained, beginning with contact 13 which 
represents pen 2 in the graphic recording unit; contact 
14 which represents pen 3, etc. A complete calibration 
for the speedmeter using a 20-pen graphic recorder and 
a detector spacing of 24 feet is shown by table 1. <A 
complete calibration for the speedmeter using a single 
20-counter recording unit and a detector spacing of 24 
feet is shown by table 2 
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The second method that may be employed in cali- 
brating the speedmeter uses a stroboscopic photo- 
electric timing device developed by the Administration. 
This device, shown in figure 10, consists of an electrically 
driven turntable whose periphery is precisely graduated 
into 200 equal divisions. Mounted on the turntable are 
two vertical shields; one permanently mounted at the 
zero index, the other adjustable angularly along the 
graduated scale. Upon rotation of the turntable, these 
shields serve to interrupt a horizontal beam of light that 
is projected into a photoelectric cell which in turn 
actuates a relay. A second relay of the slow-release 
type is controlled by the photoelectric relay and 
functions as a single-pole, double-throw switch, switch- 
ing alternate pulses of the photoelectric relay in response 
to the interruptions of the light beam. These pulses 
simulate the actuation of the two detectors by a vehicle 
and are transferred to the speedmeter through this 

x 
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FigurE 8.—OscILLOGRAM OBTAINED FOR SPEEDMETER CALI- 
BRATION. 

switching relay which is manually reset for each interval 
of time used in calibrating the speedmeter. 

The electrically driven turntable is a modified con- 
ventional type using a 110-volt, alternating-current 
induction motor that is governor-controlled. Since the 
standard turntables that are equipped with synchronous 
motors are designed for speeds other than the desired 
speed of 60 r. p. m., the induction motor type was 
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\ ~ Figure 9.—SpPpEEDMETER CALIBRATION CURVES FOR VARIOUS DETECTOR SPACINGS. 
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TABLE 1.—Calibration for speedmeter, detectors spaced 24 feet apart 

Maxi- Maxi- | 
Naa eg mum |Difference) mum ppouee 
No. (C) | pen No. | sneed variation| ‘Pe 

| 
| 
| 

| M. DP. h. M. p h 

12 1 79.3 6.1 +3.05 76. 2 
13 2 1o.2 6.2 2.6 70.6 

14 3 68.0 4.5 225 65. 7 

15 4 63.5 4.0 2.0 61.5 

16 5 59. 5 3.4 Rey f 57.8 
17 6 66.1 On 1.6 54. 6 

18 7 52.9 2.8 1.4 61.6 

19 8 50. 1 2.5 1, 25 48.8 
20 9 7.6 2.2 Mei 46.5 
21 10 45.4 Sa | 1.05 44.3 

22 11 43.3 1.9 95 42.3 

23 12 41.4 Lai 85 40.5 

24 13 39.7 1.6 .8 38.9 

25 14 38.1 1.4 ae 37.4 

26 15 36. 7 1.4 eal 36.0 

27 16 yy ass i 7165 34.6 

28 17 34. 0 Ul ~ 0D 33.4 

29 18 32.9 ila . 65 32.3 
30 19 31.8 thea! . 5 Slee 

31 1 & 20 30.7 .9 .45 30. 2 

32 2& 20 29.8 9 46 29.3 
33 3 & 20 28.9 9 45 28. 4 

34 4 & 20 28. 0 8 .4 27.6 
35 5 & 20 yy (ae? 7 .00 26.8 

36 6 & 20 26.5 7 735 26.1 
37 7 & 20 25.8 Fh oo P AaNee 4 

38 8 & 20 2, 0 7 aot) 24.7 

39 9 & 20 24.4 6 ars 24.1 

40 10 & 20 23.8 6 ae 23u5 

41 11 & 20 Ve a) 5 . 25 22.9 

42 12 & 20 PPA MY 5 220 22.4 
43 13 & 20 Doe2 5 a20 21.9 

44 14 & 20 PANE! 5 . 25 21.4 

45 15 & 20 BAI 5 =26 20. 9 

46 16 & 20 20. 7 4 AP 20. 5 
47 17 & 20 20.3 4 374 20.1 

48 18 & 20 19.9 4 ue 19.7 
49 19 & 20 19.5 4 a2 19.3 
50 20 COs) ee ks ee ee eas 

| 

TABLE 2.—Calibration for 20-counter speedmeter, detectors spaced 
24 feet apart 

Counter | Maximum Reon Maximum | Average 
No. speed Difference | variation speed 

M.p.h M.p.h 
1 79.3 6.1 £3. 05 76. 2 

- 2 73.2 5.2 2.6 70. 6 
3 68. 0 4.5 2. 25 65.7 
4 63. 5 4.0 2.0 61.5 
by) 59.5 3.4 1.7 57.8 
6 56.1 3.2 16 54.5 
7 52.9 2.8 1.4 51.5 
8 50.1 2.5 1. 25 48.8 
9 47.6 2.2 Mileal 46.5 

10 45.4 4.0 2.0 43, 4 
ll 41.4 3.4 tai 39.7 
12 38, 0 2.9 1.45 36. 5 
13 35.1 2.4 1.2 33.9 
14 32.7 3.0 1.5 31.2 
15 29.7 2.5 1. 25 28. 4 
16 27.2 2,2 Wei 26.1 
17 25. 0 2.4 1.2 23.8 
18 22.6 2.0 1.0 21.6 
19 20.6 1.5 mo 19.8 
20 Qh ser + NN eRe te ARRON | Pe eee eta gee ee 

selected because it permitted this speed to be obtained 
by a slight adjustment of the governor that is controlled 
manually. The speed of the turntable is maintained 
constant through the use of a stroboscope. <A strobo- 
scope disk is mounted on the turntable and a neon lamp 
with a reference index is mounted directly over the 
disk. Since the turntable revolves at the rate of 1 
revolution per second, each of the 200 divisions on the 
graduated scale represents 0.005 second. Obviously, 
any fraction of a second can be obtained by adjustment 
of the movable shield, although for all practical pur- 
poses sufficient precision is obtained in selecting inter- 
vals of time to within a half of the smallest division, 
1. e., 0.0025 second. 

In calibrating the speedmeter (fig. 11), several inter- 
vals of time are selected and the operation of pens cor- 
responding to these intervals is noted. The maximum 
time for each interval is established by increasing the 

time until an adjacent pen in the recorder operates. 
By plotting the maximum time versus Strowger con- 
tacts, a straight-line relation such as that shown in fig- 
ure 9 is obtained which indicates the Strowger frequency. 

Figure 10.—PuHorTrorLectric Srrosposcopic TimiInc DEVICE 
UsEep IN CALIBRATING SPEEDMETER. 

CALIBRATION DATA MAY BE EASILY CALCULATED 

The calibration data shown in table 1 may be ob- 
tained more rapidly and accurately by a simple mathe- 
matical means. 

It is assumed that the vehicle is moving at a constant 
speed during the time of the measurement and it is 
known that during this time the wiper of the Strowger 
switch is moving over its contacts at a uniform rate. 
These two motions can be simply expressed and related 
for the common time interval so as to give directly the 
number of the contact point on which the wiper will 
stop for any vehicle speed and detector spacing. 

The motion of the vehicle may be expressed as 

in which S=speed, 
D=distance (between detectors), 
t=time of transit. 

As already pointed out, this relation is shown graph- 
ically by the hyperbolic curves in figure 9. 

The travel of the Strowger switch wiper may be 
expressed thus 

Gai 
in which C=the number of the contact on which the 

wiper will stop, 
f=the switch frequency, 
t=the time during which the Strowger 

switch is operating. 
This is the equation of the straight line in figure 9. 

The time under consideration is common to both 
movements permitting the equating of the two expres- 
sions. This results in the equation 

_Dfk 
Shocayg 

in which S=vehicle speed in miles per hour, 
D=detector spacing in feet, 

. f=Strowger switch frequency in contacts per 
second, 

O=the number of the switch contact on which 
the wiper will stop, . 

k=a conversion constant (0.682) which per- 
mits S to be expressed in miles per hour. 



April 1940 BPUBLBLCAROAD'S 37 

Figure 11..—-PHotTor.ectric Strososcopic Timinea Device Brina Usrep Tro CALIBRATE SPEEDMETER. 

In this expression it is apparent that for any given 
switch frequency and detector spacing, S and C are the 
only variables. 
When calculating speed values, such as are shown in 

table 1, the maximum speeds listed in the third column 
are based on the corresponding values of C given in the 
first column. The average speed values shown in the 
sixth column may be calculated directly with the for- 
mula by assigning values of 12%, 1334, 14%, etc., to C. 

Once the speedmeter is calibrated, it is capable of 
retaining its calibration over a long period of usage. 
Periodic checks on the calibration have revealed the 
remarkable stability of the Strowger switch frequency. 
This feature accounts for its chief advantage in field use, 
eliminating the necessity of hourly or daily calibration, 
as required by other types of speedmeters. In one 
instance, the speedmeter was in use for over 175 hours, 
recording the speeds of approximately 60,000 vehicles, 
during which time the calibration remained constant. 

The speedmeter can be adapted for other purposes in 
connection with traffic safety. By certam modifica- 
tions, it can be used to control the lighting of warning 
signs to speeders on the highway and simultaneously 
to actuate a signal at highway patrol police stations 
indicating presence and direction of travel of the 
speeder on the highway. The device can also be 
adapted to control traffic lights in vehicular tunnels for 
the purpose of regulating the flow of traffic. 

TRANSVERSE POSITIONS OF VEHICLES IMPORTANT 

Simultaneously with the development of the speed- 
meter, a device by which the transverse positions of 
vehicles on the pavement could be automatically 
recorded was being developed. Such information is 
needed for two purposes: (1) To determine economical 
lane widths for various speeds and types of traffic; and 
(2) to study the behavior of traffic under various high- 
way and roadside conditions. ‘These two purposes are 
closely related, yet entirely distinct from one another. 

Analysis of the transverse positions of vehicles on 
the highway requires a delimiting of their paths. 
Under normal conditions, with no interfering traffic, 
vehicles will travel at such distances from the center or 
edge of the pavement as the inclinations or habits of 

217780 —40—-—2 

| these studies. 

the drivers dictate. It is to be expected that the 
majority of vehicle paths will be concentrated on a 
portion of the pavement only slightly wider than the 
average car. If the few extreme cases are excluded, 
the area along the pavement traversed by the remain- 
ing large majority of the vehicles will define the vehicle 
path on that particular highway. If the cross section 
is properly designed and vehicular movement is reason- 
ably controlled, it may be expected that this path will 
he well within the proper traffic lane. If, however, 
shoulders are poor or lane widths are too narrow, this 
path may be shifted toward the center of the pavement 
until it may even overlap the normal path of vehicles 
traveling in the opposite direction, with consequent 
increase in hazard. On a well-designed road, properly 
used, this path should parallel the center line, neither 
swerving toward the edge when meeting vehicles moving 
in the opposite direction nor veering toward the center 
when passing roadside objects such as culvert headwalls, 
bridge abutments, posts, or trees. 

The determination of the most appropriate combina- 
tion of lane width and shoulder width and type on 
normal tangent alinement is thus the first purpose of 

The second main purpose is to discover 
the effect on normal driving practice of curves of vary- 
ing degrees, of the presence of roadside objects such as 
guardrails, narrow culverts, and other objects encroach- 
ing on the normal shoulder width, and of high curbs, 
overgrown shoulders, or other features which may have 
a considerable psychological effect on the driver. 

These studies are directed toward economy of high- 
way construction, for they will show, not only how wide 
traffic lanes should be, but also how narrow they can 
be, and whether the use of a paved shoulder may have 
the effect of a greater lane width by inducing vehicles 
to travel nearer the edge of the pavement. They will 
also have an equal if not greater value as a means of 
studying traffic safety, particularly as it is affected by 
highway design. 

Practically all attempts to analyze the causes of acci- 
cents have been based upon the questioning of the driv- 
ers involved or upon attempted reconstruction of the 
events immediately preceding accidents. General ob- 
servations of driver behavior and detailed studies of 
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driving practice, in other phases of the special studies 

now being conducted by the Public Roads Administra- 

tion, lead to the belief that it is remarkable, not that 

so many accidents occur, but that they are so few in 

number. While many obvious examples of faulty driv- 

ing are found when accidents occur, a far greater num- 

ber are found in normal traffic movement in which no 

accidents occur. The reason that these faulty prac- 

tices did not result in misfortune is that all the condi- 

tions necessary for an accident were not present. If 
any features of the design of the highway are responsi- 

ble for or contribute to faulty driving which occasion- 

ally produces collisions or mishaps, they can be detected 
far more readily by a study of the behavior of the tens 

or hundreds of thousands of vehicles that move without 
mishap, whether or not safely, than by the most critical 
examination of the actions of the few that are unfor- 
tunate because circumstances combined against them. 

The device that has been developed to permit the 
recording of this vehicle path, or the transverse posi- 
tions of all vehicles, employs for its detecting element a 
modification of a so-called positive-contact detector 
previously developed and patented by the Public Roads 
Administration and used in other studies. This original 
detector consisted of two spring-steel strips 20 feet long, 
separated from one another by means of a rubber arch. 
This arch is depressed by the passage of a vehicle, thus 
bringing the strips into contact and completing an 
electrical circuit. This detecting element was encased 
in still another arch of similar type to exclude moisture. 
With lead wires connected to the steel strips, it has 
served very effectively for the detection of vehicles 
when used with automatic traffic counters. 

Modification of this detector to permit the recording 
of transverse position required the dividing of one of the 
steel strips into a number of individual segments, to 
each of which a separate lead wire is attached. Vehicles 
passing over the strip then deflect individual sections 
of the strip and make contacts only at points corre- 
sponding to the positions of the wheels on the pavement. 
Each of the lead wires is connected to an individual pen 
in the same type of graphic time recorder used in the 
other phases of this study so that the wheel positions 
are automatically recorded on the strip chart. Indi- 
vidual segments are 1 foot long, divided into a “‘live’”’ 
section 7% inches long and a ‘‘dead”’ section 4% inches 
long. This combination of live and dead sections 
insures the recording of all wheels but prevents, for 
most vehicles, the recording of the same wheel on 
adjacent segments. Vehicles equipped with unusually 
wide tires or with dual tires will actuate two, or perhaps 
more, adjacent segments, but it has been found in 
practice that passenger cars seldom are so recorded. 
Thus trucks and busses are almost invariably self- 
identified even without the manual classification 
normally made as an integral feature of these studies. 

EQUIPMENT USEFUL IN MAKING MANY TYPES OF STUDIES 

As a result of this development work, there are now 
available and in operation three distinct types of appa- 
ratus adapted either for use independently or in com- 
bination with one another. The first 1s the speed 
counter with which vehicle speeds may be determined 
and their records accumulated on a series of counters. 
This device is useful where general observations of 
traffic speed are desired. Average speeds and speed 
distribution may be determined accurately, the results 
being available almost immediately upon completion 
of the field work. Typical uses are found in studies 
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of the effect on speed of highway lighting, of enforce- 
ment policies, or of various features of the highway 
design in which identification of particular vehicles is 
unimportant. 

The second type of apparatus is the speedmeter, with 
which the speed of each vehicle may be measured and, 
by means of a related graphic recorder, individually and 
automatically recorded. It is more precise in its record 
than the speed counter, and is useful wherever the speeds 
of individual vehicles must be identified. The results 
may be obtained only after the chart records have been 
transcribed in the office. The feature of individual 
vehicle recording is essential in a study of highway 
capacity. 

The third type of apparatus is the placement detector, 
with which the transverse positions of all vehicles are 
separately recorded. Since speed is expected to be a 
factor in vehicle placement, this device is invariably 
used in combination with the speedmeter. 

The speed records collected in conjunction with the 
placement records are those needed in an analysis of 
highway capacity. Similarly, if the placement detec- 
tor is used in conjunction with the speedmeter at the 
locations where studies of highway capacity are being 
conducted, information on vehicle paths will be auto- 
matically collected as a byproduct of the capacity 
study. It has been customary, therefore, to collect 
complete information on both phases of the work at 
every location studied, regardless of the primary pur- 
pose of the operation at any particular spot. 

There are distinct differences in the conditions that 
are important in either of these types of studies, how- 
ever, even though the analyses are based on the same 
type of data, and generally it is not possible to schedule 
a single series of observations to satisfy the require- 
ments of both studies. Accordingly, the work of a 
particular study is seldom directed equally toward the 
two different objectives, but rather is concentrated on 
the one objective of primary importance, with the 
additional data considered as an inexpensive yet 
valuable byproduct. 

In addition to satisfying these primary require- 
ments, the equipment has made possible a variety of 
studies not heretofore possible because means of 
conducting them had been inadequate or completely 
lacking. Among special purpose studies that have 
been considered but on which work has not yet been 
undertaken are the following: 

1. Effect of curvature and superelevation.—The degree 
of curve that can be permitted and the superelevation 
that must be introduced in order to encourage vehicles 
to negotiate curves without tendency to deviate from 
their proper traffic lanes may be readily studied with 
this equipment. 

2. Effect of spiraling.—kBy installing the speed and 
placement detectors at various points along curves and 
for short distances preceding or following them, the 
effect of any such treatment may be evaluated. This 
type of study may be based upon a determination of 
the average paths of all vehicles at the different points 
or, by some modification of the apparatus, the paths 
taken by particular vehicles as they traverse the curve 
may be observed. 

3. The effect of vehicle length—The extent to which 
long vehicles or combinations such as_ tractor-truck 
semitrailers tend to track off line and thus require addi- 
tional pavement width on curves, whether proper 
superelevation will eliminate this effect, or whether side 
slippage of the rear wheels of a trailer, under certain 
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conditions, might have the reverse effect, can be readily 
determined. In addition to determining the speeds 
and positions of such vehicles, the wheelbase lengths 
may also be recorded without requiring that any vehicles 
be stopped or otherwise measured. 

4. The effect of special design features, as at intersec- 
tions.—The areas of pavement used by vehicles in nego- 
tiating intersections or other special highway design 
features may be investigated by the placement detec? 
tors to assist in eliminating unused areas in future 
designs. 

RECORD CHARTS EASILY ANALYZED 

In the use of these devices, one speedmeter is nor- 
mally required for each lane of traffic to be observed, 
although in very light traffic or for special purposes one 
speedmeter may be made to serve for more than one 
lane by providing detectors for each lane and a related 
switch to make either detector operative as desired. 
Generally, provision is made for complete records on a 
two-lane road by incorporating into one unit of equip- 
ment two speedmeters and one placement detector 
each connected to one of three mechanically coupled 
graphic recorders. For three- or four-lane roads, one 
unit is insfalled on either side of the road, and the two 
are synchronized by simultaneous records made with a 
telegraph key in series with one pen in each graphic 
recorder. 

Two men are required to operate each unit which is 
installed in a light panel-body truck or station wagon, 
enabling work to be conducted under all light and 
weather conditions. The detectors are placed at the 
desired point on the road surface and the truck con- 
cealed from view well off the road. Figure 12 shows 
the detectors as installed in a typical set-up. Strips 
1 and 4 are the speedmeter detectors, strip 2 is the 
placement detector, and strip 3 is a detector for an 
automatic counter used so that the observer may 
check the rate of traffic flow at any time. 

Although the speedmeters function automatically so 
long as traffic moves normally in the proper lane, the 
direction of the meters must be reversed in case one 
vehicle passes another or fer some other reason occu- 
pies the left lane. Commercial vehicles are classified 
as they pass, and by means of a telegraph key in series 
with one graphic recorder pen, each is recorded on the 
chart mn a suitable code symbol in accordance with 
whether it is a light, medium, or heavy truck or a bus. 
Tractor-truck semitrailer and truck-trailer combina- 
tions can be identified on the chart by the number of 
axles recorded by the placement detector. In addition 
to this constant classification of the traffic, the time of 
day is indicated on the charts at regular intervals, 
again by telegraph key and a suitable code, so that the 
chart speed may be accurately checked and the records 
later broken down into any desired time periods. 

Mechanization of the field procedure has virtually 
elimmated the personal element in the accuracy of the 
recording, an important factor m work that is rapidly 
expanding and consequently must be performed by 
many different individuals. Further, the standardized 
equipment not only improves the accuracy of the partic- 
ular studies, but insures that all studies will be made on 
a comparable basis. Of great importance also, is the 
reduction in cost. Field work under this new procedure 
costs less than one-third, and analysis less than one- 
fourth, the ccst using earlier methods. 

Two units of this equipment, to permit observations 
on roads up to four lanes in width, have been in prac- 
tically continuous use since July 1939 by the Public 

PLACEMENT DETECTORS 12.—SPEEDMETER 
INSTALLED ON A T'wo-LaNeE Roap. 

FIGURE AND 

Roads Administration in cooperation with interested 
States, generally through the planning survey organi- 
zations. Work has been conducted on _ highway 
capacity and vehicle behavior in Massachusetts, 
Illinois, and Texas. Special driver studies have been 
conducted in Connecticut and South Carolina in con- 
junction with the American Association of Motor 
Vehicle Administrators. Special studies of the effect 
of highway lighting were conducted in Ohio. Further 
studies are scheduled in other States for the spring and 
summer of 1940. Other units are being assembled 
expressly to be loaned to interested States to permit 
them, with their own highway planning survey per- 
sonnel, to conduct exhaustive vehicle-behavior studies. 
One such unit has already been used in Minnesota, and 
others will be available shortly for further studies 
already agreed upon. With such active participation 
long-needed data on the effectiveness of different high- 
way designs will rapidly become available. 

As an example of the type of data obtained, figures 
compiled from a portion of the records obtained at one 
location in Massachusetts are presented. This con- 
crete road was 20 feet wide, flanked by 3-foot asphalt 
shoulders, beyond which were gravel shoulders of 
variable width. The general alinement of the highway 
was fairly good and the sight distance at the particular 
point exceeded a half mile in each direction. Massa- 
chusetts has a 30-mile-per-hour prima facie speed 
limit, but speeds of 50 miles per hour in daylight and 
45 at night are generally not considered unreasonable. 
The figures analyzed here are based on observation of 
approximately 1,100 vehicles, a number ample for 
purposes such as determining average speed or speed 
distribution, but insufficient to permit a breakdown 
into many subdivisions. The results must be con- 
sidered, therefore, as illustrative of procedure only and 
without significance as to the effect of particular high- 
way conditions. Significant results will be obtained 
only from a critical analysis of similar records covering 
longer periods at many locations. 

Portions of the three synchronized charts on which 
the records from this section appear are shown in figure 
13. The center chart shows the transverse positions. 
The lines numbered from 1 to 10 represent the south side 
of the road, on which eastbound traffic normally moved, 
and pens 11 to 20 represent the north side, or the lane 
of westbound traffic. The charts above and below are 
the speedmeter charts, the upper one corresponding to 
placement pens 11 to 20 and the lower one to placement 
pens | to 10. 

The type of vehicle is manually recorded by means of 
a telegraph key in series with pen 20 of the placement 
recorder. If it is evident that pen 20 may be actuated 
by the»wehicle in question, the manual record of the 
classification is delayed momentarily, but otherwise it 
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FicuRE 13.—PorrTIoNs oF THREE SYNCHRONIZED CHARTS, SHOWING SAMPLES OF RECORD OBTAINED ON VEHICLE SPEED AND 
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appears in line with the wheel records so there is no 
difficulty in interpretation of the chart records. The 
longitudinal spacing as well as the transverse position 
is normally determined from the placement chart, each 
transverse line representing 1 second in time at the 
normal chart speed of 6 inches per minute. 

The speed of each vehicle can readily be obtained 
from the upper and lower charts, the mark in each case 
being in line with the record of the transverse position 
as shown on the middle chart. The speeds shown beside 
each mark represent the average of the range of speeds 
included in the particular speed group. The speed re- 
corded as 34.6 miles per hour, for example, may actu- 
ally be anywhere between 34 and 35.3 miles per hour. 

PLACEMENT DETECTOR GIVES PRECISE RESULTS 

Thus for individual vehicles the speeds and speed 
differences may be slightly in error, but such errors will 
be compensated for and their effects nullified by the large 
number of vehicles that will be included in the various 
speed and speed difference groups. 

As mentioned before, the data may be analyzed for 
purposes of studying both highway capacity and 
vehicle behavior. Here the primary purpose was to 
supply data on highway capacity, and the effect of the 
particular conditions on traffic behavior was secondary. 
During the hours in which these records were collected, 
very little change in volume occurred, so no attempt 
has been made to show here the effect of volume changes 
on any of the congestion indexes. These indexes have 
been calculated, however, for later use in studying the 
effect of various traffic volumes on this section from 
the complete records. 

It was found that the average speed of all vehicles, 
with the average volume of 375 vehicles per hour, was 
41.0 miles per hour; that the average free speed of 
passenger cars (when no vehicle moving in the same 
direction was closer than 6 seconds ahead and no 
vehicle moving in the opposite was closer than 5 seconds 
ahead or 2% seconds behind) was 41.6 miles per hour; 
‘and the average free speed of trucks was 34.5 miles 
per hour. The average speed difference was 6.1 miles 
per hour. It is of interest that these figures all le 
within the range for these same indices found on roads 
of similar alinements in the earlier studies under the 
method previously used.‘ The close agreement be- 
tween the average free speed and the average speed of 

all vehicles, and the relatively high average speed 
difference show this road to be practically uncongested 
at this traffic volume. 
A further break-down of these vehicle speeds is shown 

in figure 14. No trucks traveling freely moved faster 

than 50 miles per hour, and no free-moving passenger 
car moved faster than 60 miles per hour. The modal 

averages of these classes of vehicles fell in the 35-39 
and 40-44 mile-per-hour groups, respectively. It was 

of interest that 0.1 percent of all vehicles, traveled 
more than 70 miles per hour; and that while but 1 

percent traveled at 60 miles per hour or faster, all such 

vehicles were so placed with respect to the other units 

of the traffic stream that their behavior may have 

been influenced by the presence of these other vehi- 
cles. If so, the influence apparently was not a retard- 

ing one. Because the limits of the speed groups as 

recorded by the speedmeter are not exactly uniform, 

the speed distributions were first plotted in a cumula- 

FREE-MOVING TRUCKS 
30 = 

fa) ea vie wl. 

FREE-MOVING PASSENGER CARS 

VEHICLES ~ PERCENT 

ALL VEHICLES 

20 

0) 
Oe Sm OMGan20n 256 3055140045 50555 

SPEED - MILES PER HOUR 

Figure 14.—FrREQqUENCY DISTRIBUTION OF VEHICLE SPEEDS. 

60" 65 W705 75 

tive curve from which the number or percentage of 
vehicles in uniform groups of the desired size were 
scaled. 

The distribution of the time spacings is another index 
regularly determined in these analyses. These figures 
are of particular value in coordinating the results of 
the congestion studies with those obtained in the pass- 
ing-practice studies. The time spacings of all vehicles 
traveling in the same direction are plotted as a fre- 
quency distribution in figure 15, a further break-down 
for those below 10 seconds being shown separately. 

It is of interest to compare these figures with the 
general trends of traffic flow discovered in the earlier 
studies. Almost invariably it was found that between 
two-thirds and three-fourths of the vehicles traveled at 
or less than the average spacing. Here 66 percent are 
found to be traveling at or less than the average of 19.1 
seconds. Similarly, previous analyses have shown that 
approximately half the vehicles travel at half the average 
spacing or less, and this distribution shows 48 percent 
not exceeding 9.5 seconds. It was not surprising to find 
verification of these tendencies. Such close agreement 
not only confirms the validity of the figures collected 
under the previous manual methods of recording, but 
also shows that figures developed from future studies 
may be combined with those collected in the past work 
without regard to the method by which any group was 

; . : . A . : : y § S, t - é 7 

EN ee aad Results of Highway Capacity Studies, PUBLIC ROADS, February | obtained. The radical change in the field procedure does 
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FREQUENCY DISTRIBUTION OF TIME SPACINGS - ALL VEHICLES PASSENGER CARS ~ NO OPPOSING TRAFFIC 
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Ficur5 15.—FREQqUENCY DISTRIBUTION OF TIME SPACINGS OF 
VEHICLES. 

PASSENGER CARS 
SPEED 30-39 M.RH. SPEED 40-49 M.PH. 

lg | AVERAGE=2.8 ‘ 
fMRI 23.2 

TRUCKS 
' 

PERO E le, ' 
AVERAGE = 2.1 

A 4 

VEHICLES - PERCENT 

a ee eh A tate lh ie eh eT GS Ee ash OS) 

EDGE CLEARANCE - FEET 

Fiagure 16.—EpGcr CLEARANCES OF PASSENGER CARS AND 
Trucks Movine FREBLY. 

not, aS a consequence, require any change in the 
treatment of the resulting data. 
Many valuable uses will be found for the information on 

vehicle placement (fig. 16-20). Some of these uses will be 
shown by the results presented here, but as mentioned be- 
fore, the significance is severely limited by the size of the 
sample. First, however, it is of interest to examine the 
precision of the records. The placement strip will 
record the position of a wheel of a particular vehicle to 
the nearest foot only, although if each placement is 
assumed to be in the center of the segment of the strip 
actuated, the maximum error in the record of the place- 

SPEED 30-39 M.P.H. SPEED 40-49 MILES PER HOUR 

MORE THAN 6 SECONDS BEHIND PRECEDING VEHICLE 

AVERAGE 2.8 AVERAGE 3.2 ro 

VEHICLES - PERCENT 

[2 73" 54S 5G a7 eas 

EDGE CLEARANCE - FEET 

Ficure 17.—EpGE CLEARANCES OF VEHICLES TRAVELING IN 
Two Sprep RANGES AND TRAVELING AT VARIOUS TIME 
Spacines BEHIND PRECEDING VEHICLES. 

ment of a particular wheel will be 6 inches. The posi- 
tion of the average vehicle, however, may be found with 
a high degree of precision. Since the positions of both 
right and left wheels are recorded, the difference between 
the positions of the average left and right wheels should 
equal the tread width of the average vehicle. 

In transcribing the field records it is customary, 
where the record for one side of the vehicle appears on 
two adjacent segments, to record the wider of the two 
rather than the average. The field records, therefore, 
should agree more closely with the rear or wider tread 
than with the average. The average tread width of all 
passenger cars was found from the field records to be 4.92 
feet. The average rear-tread width of vehicles, as ob- 
tained from manufacturers’ specifications and weighted 
approximately in accordance with the occurrence of 
cars of various makes in the traffic stream, was also 
found to be 4.92 feet. This absolute agreement be- 
tween the two is perhaps a coincidence, but it demon- 
strates that use of the placement strip with 1-foot 
segments insures satisfactory precision. 
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PASSENGER CARS MEETING PASSENGER CARS 

EDGE CLEARANCE CLEARANCE BETWEEN WHEELS 
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Figure 18.—EpGE CLEARANCES AND VEHICLE CLEARANCES OF 
PASSENGER Cars TRAVELING AT VARIOUS SPEEDS MEETING 
OTHER PASSENGER Cars TRAVELING AT VARIOUS SPEEDS. 

FASTER CARS TRAVEL NEARER CENTER OF ROAD 

The transverse position of a vehicle on the road sur- 
face is likely to be influenced by a variety of factors 
both internal and external. The internal factors are 
largely dependent on the psychological make-up of the 
driver, and generally are measurable only to the extent 
that they are reflected in the speed and placement of the 
vehicle. 
positively evaluated by subsequent questioning of the 
drivers in a manner now being explored in cooperative 
studies with a number of motor-vehicle departments. 
The external factors may be roughly divided into three 
broad groups: The physical features at or near the 
point of study; the presence of vehicles moving in the 
same direction as the vehicle under consideration; and 
the presence of vehicles moving in the opposite direction. 

Invariably at least two of these factors exert their 
influence in combination, and the effect of a single 
factor can never be directly determined. ‘The effect of 
physical features may be determined with the least 
complication by selecting for analysis only vehicles that 
are uninfluenced by other vehicles, although the com- 
bined effect of physical features and opposing traffic 
must also be investigated. In order to include in this 
category a sufficient number from this particular 

These psychological factors may be more. 

PASSENGER CARS MEETING TRUCKS 
EDGE CLEARANCE - 

CLEARANCE BETWEEN WHEELS PASSENGER CARS 

SPEED 30-39 M.P.H 
0 

EDGE CLEARANCE 

TRUCKS 

SPEED 30-39 M.P.H 

AVERAGE = 1.7' . 
7 [ 

ip ear 
| AVERAGE =1.8 | 
} ~ 

| 
| 

} 

| 
| 
} i 

SPEED 30-39 M.P.H 

AVERAGE = 2.2 
Sy 

VEHIGLES - PERCENT 
20 

ail 
a ales 

SPEED 40-49 M.P.H. SPEED 30-39 M.PH 

AVERAGE = 5.24 AVERAGE= 2.5’ 

CS Cale eet me ue Soe Ges RTO Sis Owe Ie cee Soul 

EDGE CLEARANGE - FEET VEHICLE CLEARANCE - FEET EDGE CLEARANCE -FEET 

AVERAGE = 2.1' 
| 

oe eee 

Fiaure 19.—EpGE CLEARANCES AND VEHICLE CLEARANCES OF 
PASSENGER Cars TRAVELING AT VARIOUS SPEEDS MEETING 
Trucks TRAVELING AT VARIOUS SPEEDS. 

sample of 1,100 vehicles, free-moving vehicles were 
considered to be those that had not met another 
car for 2% seconds, would not meet another for 5 
seconds, and followed a vehicle in the same direction 
by at least 6 seconds. A vehicle to be met 5 sec- 
onds later would be recorded as crossing the place- 
ment strip 10 seconds after the car in question, since 
the meeting would take place midway (in time) between 
the original positions. Previous studies have shown 
that drivers may be affected by the presence of a 
vehicle ahead moving in the same direction when the 
spacing between them becomes less than 9 seconds. 
This spacing would be preferable to the 6 seconds used 
here but would have unduly restricted the size of 
the sample. 

Figure 16 shows the edge clearances of passenger cars 
and trucks under these conditions. The edge clearance 
is the distance between the edge of the pavement and 
the center of the outside tire. Only two speed groups 
are shown because in other groups the samples were too 
small. Under the conditions at that particular point, 
trucks moved closer to the edge of the pavement than 
did passenger cars, and the faster passenger cars tended 
to move somewhat nearer the center of the road than 
did the slower moving cars. Assuming 6% feet as the 
width of a passenger car, 98 percent of the passenger cars 
traveling between 30 and 39 and 94 percent of those 
traveling between 40 and 49 miles per hour, were entirely 
in their own lane, and presumably, therefore, would not 
have collided with properly driven cars in the other direc- 
tion even without swerving to the right on meeting these 
other vehicles. Similarly 95 percent of the slower 
trucks and all of the faster trucks were entirely in their 
own lane. Some such index as this will permit compari- 
sons between various cross-section designs on a mathe- 
matical basis, so that the effectiveness of any combina- 
tion of roadway features may be exactly evaluated. 
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Fiaurp 20.—Epan CLEARANCES OF PASSENGER CARS AND TRUCKS TRAVELING AT VARIOUS SPEEDS MEETING OTHER PASSENGER 
Cars AND Trucks TRAVELING AT VARIOUS SPEEDS. 

The presence of vehicles moving just ahead of the one 
under consideration and in the same direction affects 
vehicle placement, as shown in figure 17. At the top, 
for comparative purposes, is shown the transverse dis- 
tribution of vehicles moving freely (with no vehicle 
closer than 6 seconds ahead). It is of interest that as 
the distance between vehicles becomes less, the following 
vehicles tend to travel nearer the center, possibly to 
provide better visibility of the road ahead. Following 
of this tendency by successive vehicles of a group would 
result in the rearmost vehicles assuming highly hazard- 
ous positions. 

VEHICLES TRAVEL CLOSER TO EDGE WHEN MEETING 

ONCOMING TRAFFIC 

Figure 18 shows the edge clearances and the distances 
between passenger cars meeting other passenger cars 
approximately on the placement strip, and figure 19 

shows the same information for passenger cars meeting 
trucks. In this category are included vehicles crossing 
the strip within 1 second of one another, which is 
equivalent to meeting or having met within % second. 
In analysis this number was divided into three groups: 
Those meeting exactly at the strip; those crossing the 
strip within % second; and those crossing the strip 
between % and 1 second of one another. So little dif- 
ference was found in the averages for the three classi- 
fications that they were grouped together. 

This figure shows that the average passenger car on 
meeting another vehicle moves toward the edge of the 
pavement somewhat, with the faster vehicles traveling 
as close to the edge or closer than the slower group. 
This latter fact is of interest because, as shown by 
figure 16, the average car of the faster group drove 
normally at 3.2 feet from the edge as compared to 2.8 
feet for the average car in the slower group. Drivers 
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of the faster cars allowed an equal or greater margin 
of clearance on meeting other cars than did slower 
drivers, but were required to move laterally a greater. 
distance to do so. . 

A summation of vehicle clearances aids in obtaining 
a further indication of the accuracy with which the 
position of the average vehicle may be determined. 
The two edge clearances, the tread widths, and the 
clearance between these meeting vehicles should total 
the pavement width. In the three classifications shown 
for passenger cars in figure 18, these distances add to 
20.0, 20.2, and 20.1 feet, respectively, the maximum er- 
ror being 1 percent. Such close agreement is neither 
expected nor attained in the case of the trucks, however, 
because of the small sample and the greater variation 
in truck tread widths. 

Since the average passenger car is driven somewhat 
closer to the center of the road when not opposed by 
other vehicles, and moves toward the edge on meeting 
another car, it is of interest to find at what distance 
from the opposing vehicle this lateral movement is 
begun. If, for example, the effect of an oncoming vehi- 
cle becomes noticeable when that car is 10 seconds away, 
it is reasonable to assume that the sight distance pro- 
vided should be the distance traveled in 10 seconds by 
a vehicle moving at the design speed, in order to permit 
drivers to perform this lateral transition normally. 
This distance, which might be termed the ‘‘meeting”’ 
sight distance can, under certain conditions of aline- 
ment and highway usage, be more important from a 
standpoint of safety than mere stopping sight distance. 

Measurement of the lateral movement of a vehicle 

as it meets another is simply a matter of determining 
the average transverse positions of vehicles when oppos- 
ing vehicles are various distances away. Since particu- 
lar distances between meeting vehicles exist only 
instantly, rather than continuously as for cars moving 
at the same speed in the same direction, a very large 
volume of traffic must be observed to obtain a usable 
sample of ‘‘opposing” spacings. From this particular 
sample it was impossible to relate the transverse posi- 
tions to opposing spacings closely enough to determine 
when the lateral transition began. Figure 20 shows, 
however, the average positions of vehicles possibly 
affected by opposing vehicles (i. e., having met another 
vehicle within 2% seconds or about to meet one within 
5 seconds but not meeting another vehicle within \% 
second of crossing the placement strip). As should be 
expected, the average transverse position of all vehicles 
about to meet others falls between that for vehicles 
actually meeting others and vehicles moving freely. 
It is of interest, however, from a point of view of relia- 
bility of the data, that this condition was found invari- 
ably in all the classifications of speed and vehicle type. 

As stated before, the relationships shown here are 
intended merely to show the manner in which the trans- 
verse placement data may be used. With a greater 
volume of information, additional relationships may be 
found, and the analyses greatly refined. With such 
indexes, established for the more common combinations 
of standards of surface and shoulder design, and hori- 
zontal and vertical alinement, the effectiveness of design 
features need not be based on opinion and judgment; 
their actual merit may be definitely evaluated. 

FIVE BULLETINS ON BRIDGE FLOOR DESIGN AVAILABLE 

Five bulletins on bridge floor design, whose availabil- 
ity for free distribution has previously been announced 
in PUBLIC ROADS, may still be obtained from the 
Public Roads Administration. The publications, all 
University of Illinois Bulletins, are: 

No. 303—Solutions for Certain Rectangular Slabs 
Continuous Over Flexible Supports. 

No. 304—A Distribution Procedure for the Analy- 
sis of Slabs Continuous Over Flexible 
Beams. 

No. 313—Tests of Plaster-Model Slabs Subjected 
to Concentrated Loads. 

No. 315—Moments in Simple Span Bridge Slabs 
with Stiffened Edges. 

The bulletins are the result of a cooperative investi- 
gation by the Engineering Experiment Station of the 
University of Illinois, the Illinois Division of Highways, 
and the Public Roads Administration of the Federal 
Works Agency. 

The results of this investigation have direct applica- 
tion to practically all modern highway bridges and to 
many other structural design problems. 

A limited number of these bulletins are still available 
for free distribution. Requests should be addressed to 

No. 314—Tests of Reinforced Concrete Slabs Sub- | the Public Roads Administration, Federal Works 
jected to Concentrated Loads. | Agency, Washington, D. C. 
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Highway Bond Calculations. 

PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 

Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 

send no remittance to the Federal Works Agency. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part | . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part5 . . . Case Histories of Fatal Highway Accidents. 
10 cents. 

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

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

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

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

No. 279MP. . Bibliography on Highway Lighting. 5 cents. 

Highway Accidents. 10 cents. 
The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 

An Economic and Statistical Analysis of Highway-Construction 

Expenditures. 15 cents. 
10 cents. 

Transition Curves for Highways. 60 cents. 
Highways of History. 25 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

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

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 
No. 265T. . . Electrical Equipment on Movable Bridges. 

35 cents. 

Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 
No. 296MP. . Bibliography on Highway Safety. 
House Document No. 272 . . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6-8 and 10—19, inclusive. 

SEPARATE REPRINT FROM THE YEARBOOK 
No. 1036Y . . Road Work on Farm Outlets Needs Skill and 

Right Equipment. 

TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 

System of Ohio (1927). 
Report of a Survey of Transportation on the State Highways 

of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Trafic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 
Act J.—Uniform Motor Vehicle Administration, Registration, 

Certificate of Title, and Antitheft Act. 

Act I1.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act I1I].—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 

| eel 

A complete list of the publications of the Public Roads Ad- 

ministration, classified according to subject and including the 

more important articles in PUBLIC ROADS, may be obtained 

upon request addressed to Public Roads Administration, Willard 

Bldg., Washington, DG: 
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