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AN ACTION PROGRAM TO ADVANCE: 
SAFETY ON THE HIGHWAYS: 

By THOS. H. MacDONALD, Chief, United States Bureau of Public Roads 

HE ADVANCEMENT of safety on the streets 
and highways of the nation requires definite action 

on many fronts. The desirable objective for the year 
1938 is a vigorous, concerted movement to bring into 

being on an effective scale the measures and methods 
which the present knowledge of the character and 

scope of the problems sustains as a sound program. 
Perhaps the most important single principle developed 
during the year just closed of extensive study by the 

Bureau of Public Roads and the Highway Research 
Board of many phases of this subject is that there is 
no single cause of accidents. Each accident is the 
result of causes in combination. There are always 

present more than a single element and the number 
of these elements that can and do contribute to acci- 

dents is very large. 
The possible number of combinations of these ele- 

ments by mathematical calculation produces a poten- 

tiality of accidents of a magnitude beyond conception. 
Probably the failure of the lawmakers to recognize 
this characteristic of multiple contributing elements 
in each accident has acted as a powerful deterrent to 

more effective programs of accident control. Cer- 
tainly it has given rise to serious delays in formulating 
and applying sound preventive measures. For ex- 
ample, the hope that a single panacea exists that will 
stop accidents, although utterly absurd, results in all 
sorts of cure-all offerings, many of them from so-called 
experts or near experts. 

Since there is no single cause there can be no single 
panacea for accidents. On the other hand, the recog- 

nition by the courts of multiple accident-contributing 
elements has resulted adversely to the imposition of 
even reasonable penalties upon offenders of the traffic 
laws. Here the recognition of the contributing factors 
mitigates to the point of allowing, in many cases, the 
offender to escape without price the most serious 
infractions of the law. So widespread is this experi- 
ence as to lead to the reasonable conclusion that reli- 
ance for any great assistance in accident prevention 
does not lie in the courts as they are now operated in 
the field of traffic regulation. 

Sufficient recognition has not as yet been given to 
the fact that this big problem of street and highway 
safety throws upon the established routine and tradi- 
tions of the courts a new social problem of tremendous 

dimensions with which they are not designed to cope. 

1 Paper presented at the Thirty-fifth Annual Convention of the American Road 

Builders’ Association, Cleveland, Ohio, January 17, 1938. 

61535—38——1 

The processes of the courts are not singled out for 
criticism in themselves but to illustrate the failure of 

society as a whole to recognize the tremendous dimen- 
sions of the street and highway traffic safety problems 
and to provide adequate methods and organizations 

to deal with these problems effectively. 
More than a year ago the Congress directed the 

Bureau of Public Roads to undertake a study of the 
problem involved and to submit a report. Acting in 

cooperation with the Highway Research Board the 
Bureau has produced a report, or rather a series of 
reports, dealing with the following subjects: 

1. Nonuniformity of State motor-vehicle traffic laws. 
2. Skilled investigation at the scene of the accident 

needed to develop causes. 

3. Inadequacy of State motor-vehicle accident re- 
porting. 

4. Official inspection of vehicles. 
5. Case histories of fatal highway accidents. 
6. The accident-prone driver. 

These reports have all been transmitted to Congress 
and are being printed as House Document No. 462. 
By acting through the Highway Research Board not 
only the previous studies which had been made by 
that Board were available, but it was possible to secure 
the assistance of the individuals who were already 
working in the several fields of investigation and who 

have devoted their best efforts to the studies and the 
resulting reports. Further, a number of the leading 

authorities, representative of organizations primarily 

concerned in the traffic safety field, served as an ad- 
visory committee to make suggestions as to the scope 

of the studies and the production of the report. 

It is not the purpose of this paper to review the find- 
ings of these reports, but, on the basis of the material 

developed, to propose an action program for the imme- 

diate future and to fix in so far as possible the re- 

sponsibility for the initiation of this program. Neither 

is it the purpose to prove by the use of statistical ma- 
terial the urgent necessity for enlarging, and quicken- 

ing the tempo of, sound national programs directed 
toward the control of the tragic record of accidents and 

fatalities. A responsible attitude of good citizenship 

and intelligent selfishness places the road builders and 
road building industry of the nation behind every 

effort to advance the cause of highway safety. 
In this social problem already grown to such alarming 

dimensions that it ranks as one of our greatest national 
problems, while most of the implications and indica- 

33 
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tions are discouraging, there is one important encour- 

agement. Under the coordinating influence of the 
Automotive Safety Foundation, 12 national organiza- 
tions which are most intimately and directly concerned 
with traffic safety problems have united in accepting 
and recommending a comprehensive model program 
for each State to increase traffic efficiency and to reduce 

accidents. This program brings into a coordinate en- 

tity the elements of legislation, motor-vehicle admin- 
istration, enforcement, engineering, education, training 
personnel, and research. It places responsibility for 

action upon the governor, the State officials, and the 

legislature supported by a nonofficial organization of 
civic and business groups. The combination of official 

and public groups is conceived to constitute the State 
safety organization. With this program the Bureau of 
Public Roads is in entire accord and holds it to be in- 

dicated by all the important studies and researches 
which have been made in this field. 

While it may appear to the public at large that in- 

adequate progress is being made in advancing the cause 
of highway safety, it certainly holds promise of a 
greatly accelerated rate of progress that all the most 
important organizations engaged in this field have 

agreed upon the program most needed and have joined 
their efforts toward the common end of making the 
program effective upon a national scale. The effort 
of this paper therefore is to reduce to concrete terms 
the necessary steps to be taken and in so far as possible 

to suggest the responsibility of initiation of the com- 
ponent parts of the program. Only by action on a 

national scale can even reasonable progress be made in 
the reduction of accidents and in the freeing of our 
streets and highways from hazards to permit the enjoy- 
ment of their convenience and service. 

To carry into effect the existing knowledge in the 
field of accident prevention, the following eight-point 
program is submitted. It is not intended to include 
all of the steps that will be necessary, but it does pro- 
vide a sound foundation for traffic control and regula- 

tion in the interests of traffic safety. Neither are the 
elements of this program independent but on the con- 
trary they are inter-dependent, and to an extent over- 

lapping. Several of these which are important parts 

of others are given individuality for the purpose of 

emphasis. The action program recommended follows: 
1. Uniform State motor-vehicle traffic laws. 

2. Skilled investigation of traffic accidents. 
3. The establishment of a uniform system of acci- 

dent reporting. 

4. The establishment of an adequate highway patrol 
including the official inspection of vehicles. 

5. The establishment of complete and final authority 
over the issuance and revocation of drivers’ licenses. 

6. A highway improvement program divided into 
two general classes of projects: 

a. Those of the emergency type. 
b. Those for the long-time plan. 

7. A plan of State and Federal safety organization 
adequate to secure on a wide scale the adoption and 
enforcement of the action program here proposed. 

8. A national educational program. 
The scope of each element of this program is indicated 

but not intended to be fully developed in this discussion. 
_1. Uniform State motor-vehicle traffic laws.—This sub- 

ject has received long and careful-attention. Through 
the organized effort of the National Conference on 
Street and Highway Safety a series of five proposed 

model laws were drafted and have been widely dis- 
tributed. While a considerable number of States have 
adopted these laws in whole or in part there yet remains 
a serious nonuniformity in the major principles which 
affect highway safety. It is not proposed that the 
motor-vehicle laws must be identical in every detail, 
but they must be in those matters which even remotely 
affect the safety of motor-vehicle operation. The drivy- 
ing habits of individuals tend to become fixed, and par- 
ticularly in times of stress or emergency the reactions 
are involuntary. Now that the traffic between com- 
munities and between States has become universal the 
necessity for replacing uncertainty of the law with cer- 
tainty isself apparent. The necessity for drivers know- 
ing that they do not face new traffic laws or conditions 
when they cross State borders cannot be denied. But 
the existing condition is much more serious than this as 
indicated in these examples: 

Eight States do not require that all motor-vehicle 
operators be licensed. 

Two States fail to provide a minimum age limit for 
the driving of a motor vehicle. 

Fourteen States permit the operation of motor 
vehicles by minors 14 or 15 years old. 

Twenty-two States do not prohibit the issuance of 
drivers’ licenses to habitual drunkards or narcotic 
addicts. 

Twenty-four States do not prohibit the issuance of 
drivers’ licenses to those afflicted with mental 
disabilities. 

Only 11 States require drivers to be able to read 
highway warning signs printed in English. 

In 6 States which do require the licensing of 
motor-vehicle operators, no examination or test 
is included as a prerequisite to the issuance of 
such license, and in 5 others the applicants may 
be examined only when the official issuing the 
license suspects they are unfit to drive. 

Only 30 States require every applicant for a driver’s 
license to be examined for competency and in 
these the examination varies widely. 

Only 8 States require a test of vision, 15 a knowl- 
edge of traffic laws. 
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Unquestionably there should be a strict uniform 
license law permitting licenses to be issued only after 
a competent examination including tests of vision, 
ability to read traffic signs, knowledge of traffic laws, 
and demonstration of ability to operate the vehicle. 

In only 27 States has there been adopted a manual of 
uniform traffic control devices. The rules of the road 
governing the operation of vehicles upon the highway 
vary so greatly from State to State that confusion is 
inevitable. Nine States do not require vehicles to be 
driven to the right of the highway at all times. Six 
States do not provide that passing must be on the left 

of the overtaken vehicle. Passing on curves is specifi- 
cally prohibited in 36 States and on the crest of hills in 
35 States, at intersections with other highways in 34 
States. The provisions with respect to the equipment 
of motor vehicles and physical characteristics such as 
length, width, and height, have a wide variation with 
many inconsistencies. 

Further discussion of this point 1s hardly necessary to 
indicate the fundamental necessity of a uniform motor- 
vehicle law between the States in the interests of safety. 
The only possibility of providing for this part of the 

action program lies in the adoption by the State legis- 
latures of the necessary uniform laws. A guide to the 
points of divergence from the uniform code will be 
found in the bulletin Nonuniformity of State Motor- 
Vehicle Traffic Laws that is available for distribution 
by the Bureau of Public Roads. 

2. Skilled investigation of traffic accidents —An intelli- 
gent attack on the highway accident situation must de- 
pend upon two details which, while simple in concept, 
are not easy of achievement. There must be informa- 
tion as to the circumstances under which each accident 

occurs, and there must be sufficient analysis to record 
where, and the manner in which, accidents are happen- 
ing repeatedly. Accident data are essential to an in- 
telligent and efficient police enforcement program 
within the urban districts, and the highway patrol can 
provide important information in the rural districts. 
Within the urban areas the establishment of especially 
trained squads which are ready on call to investigate each 
accident without loss of time isessential. Itmay not be 
practicable at once to establish accident squads in the 
rural police organization sufficiently extensive to in- 
vestigate all accidents, but it is possible to establish a 
number of special accident squads and to train each 
member of the highway patrol in the correct procedure 
to investigate and to report accidents so that a high 

general level of accuracy in reporting may be attained. 
So long as we depend for accident data on ex parte 

information and make inadequate provision for the se- 
curing of reliable and disinterested reports, just so long 
will our knowledge of the facts be insufficient and open 
to question. It will not be possible to secure impressive 
accident reduction until it is recognized that every 
accident is the resultant of a number of causes and cir- 

cumstances in the absence of any one of which the acci- 

dent would not have occurred or would have had differ- 

ent consequences. No contributing cause is so unim- 

portant that 1t may be overlooked or dismissed. That 
only a beginning has been made in this field in a very 
few States is convincingly revealed by the analysis pre- 
sented in the case histories of the fatal highway acci- 
dents published by the Bureau of Public Roads. Cer- 
tainly the establishment of a complete system of acci- 

dent investigation and reporting will require much more 
adequate organization than now exists but the cost will 

be small in comparison with the losses in life and 
property. 

3. The establishment of a uniform system of accident 
reporting.—The uniform reporting of accidents is par- 

tially covered by the preceding discussion, but requires 
in addition the adoption of a national standard form. 
Much work has been done upon the formulation of such 

a form by the National Safety Council, the Bureau of 
the Census, and others, and further work is now in 
progress. It is essential that the terms be clearly 

defined, and the statistical methods employed give 
accurate results. In the studies made by the Bureau 
of Public Roads and the Highway Research Board the 
lack of accurate and sufficient statistical data relating to 
accidents, even those involving fatalities, was an in- 
superable obstacle in the production of a more determi- 
nate report. For example, the national reports of 
motor-vehicle fatalities are divided between urban and 
rural on the basis that urban accidents are those in 

cities of 10,000 and upwards, and all others are classified 
as rural. Taking into consideration the fact that a 
very large percent of the total population lives in places 
of, say, 1,500 to 10,000 people, it is inevitable that a 

large percentage of fatalities reported in the rural cate- 
gory actually involve urban and not rural conditions. 
This probable discrepancy is further accented by the 
fact that so large a percentage of fatal accidents involve 
pedestrians. It is apparent that effective efforts to 
combat accidents are utterly dependent upon accurate 

and complete statistical data. 
4. The establishment of an adequate highway patrol 

including the official inspection of vehicles—In most of 
the States the highway patrol organization for the rural 
districts, and in most of the cities, the traffic police, are 
wholly inadequate in numbers and equipment to patrol 
the mileage over which there is appreciable traffic. 
This condition of inadequacy in numbers is further 
aggravated by the addition of so many miscellaneous 
duties that too little time is left for patrol work. The 
most complete code of motor-vehicle laws is of little 

avail unless there is proper enforcement. An increase 
in the number of trained patrolmen in every State is 

necessary. 
Only 23 States now provide for the periodical inspec- 

tion of motor vehicles, but all of these do not include 

all types. The inspection laws vary in detail but are 
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uniform in the attempt to prevent the operation of 
mechanically defective vehicles. The establishment of 

inspection requirements for the safe mechanical con- 

dition of motor vehicles and their continuous enforce- 
ment is an important ‘‘must” in the action program. 

5. The establishment of complete and final authority 

over the issuance and revocation of drivers’ licenses —In 

the development of this discussion the importance of the 
official charged with the administration of the motor- 

vehicle laws must be more and more apparent. The 
lack of essential laws in a large number of States fixing 

the qualifications of those who are permitted to operate 
motor vehicles upon the public ways has been recorded. 

The disclosures in the bulletin upon the accident-prone 
driver sustain the conclusion that the motor-vehicle 
administrator must have authority to suspend or revoke 
the license of operators, and that this power must be 
exercised. The discretionary authority to revoke 
licenses should by law be obligatory action in the more 
serious offenses. Thirty States now require that a 
license be revoked for conviction of manslaughter; 36 
States, for driving while under the influence of intoxi- 
cants; 31 States, for failure to stop after an accident; 
and 25 States, for reckless driving. Certainly these 
offenses justify the revocation of licenses in each State. 

But the fact of the existence of the accident-prone 

driver, which is now established beyond reasonable 
doubt, justifies the suspending or revoking of licenses 
for much less grave offenses than these enumerated. 

Twenty-three States have recognized this by providing 
discretion to suspend or revoke for habitual recklessness 
or negligence, 22 States provide the same discretionary 
authority to revoke the license of drivers involved in a 
serious accident, and 11 States for any sufficient cause. 
The recognition of the responsibility resting upon the 
individual driver for accident prevention so far out- 
weighs any other consideration that a sound action 
program must include, as the most effective weapon of 

society in attacking the problem of accident prevention, 

the generally exercised power to revoke drivers’ licenses 

for infraction of the traffic laws. 
6. A highway improvement program divided into two 

general classes of projects: (a) Those of the emergency type, 
and (b) those for the long-time plan.—This year the State- 
wide transport surveys carried on in cooperation be- 

tween the State highway departments and the Bureau 
of Public Roads will begin to reach usable form. There 

will be available for the first time in any State complete 

information as to the types and conditions of highways, 
the amount and character of use, and all other informa- 
tion which can conceivably have a direct relationship 
to the safe use of the highways. 

The extent to which highway conditions enter as a 
contributing factor into more serious accidents is un- 

known and to an extent indeterminate. Much that has 
been said in criticism of highway conditions confuses 
the fundamental issues of highway safety and highway | 

capacity measured by speed and number of units. 
Between 1925 and 1936 highway usage measured in 
terms of gasoline consumption increased by an esti- 
mated amount of 110 percent, while registration in 
numbers of units increased 42 percent. The gas con- 

sumption per registered vehicle has increased just 
under 50 percent. From these facts it is apparent 
that motor vehicles are being used on a steadily in- 
creasing rate per average unit, and even with these 

increases the rate of accidents measured in miles of 

vehicle operation shows a decrease. 
With the definite facts of the public use of highways 

in every community of the nation, 1t is readily apparent 
that the providing of safer highways must be through 

the elimination over large mileages of those conditions 
which to the best of our knowledge are most likely to 

be contributory factors in accidents. This is the key- 
note to the emergency program which should be put 
into effect determined by the data of the transport 
surveys. As an illustration of the type of work in- 
cluded—a rechecking of the system of warning signs 
and signals, the relocating of these to fit the generally 
increased speed, the elimination of unnecessary signs, 
the marking of all curves with safe driving speeds if 
below the legal limits, the correction of sight distances 
particularly at intersecting roads, and the widening 

and maintenance of shoulders. 

The increased operating speeds demand wider roads 

and the narrower widths which were reasonably safe 
for speeds of a few years ago must be supplemented 
by nonskid material, the shoulders widened, slopes 
flattened, and deep ditches eliminated. For the long- 
time program, particularly for new multiple-lane roads, 
all the accepted elements of safe design to permit con- 
tinuous safe traffic flow, including the division of 
opposing lanes by a neutral area and the elimination 
of cross traffic, should be provided. Separation of 

grades between the railroads and important intersect- 
ing highways must be a first consideration. 

7. A plan of State and Federal safety organization 
adequate to secure on a wide scale the adoption and en- 
JSorcement of the action program here proposed.—Just how 

the Federal Government fits into the general scheme 
of an adequate traffic safety organization is not clear 
beyond debate, but there are considerations of public 
policy which prompt the suggestion that no wholly 
new board, commission, or other Federal authority is 
desirable. To be effective, such a Federal organiza- 
tion would have to duplicate organization, authority, 
and operations now lodged in some Federal department. 
There is need for a correlation of the Federal activities 
and relationships between the Federal departments 

themselves, and between the Federal Government and 
the States in both the official and public aspects. A 
plan of Federal organization that can be made effective 
at once and make use of the going operations of the 

(Continued on page 5i; 
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AN AUTOMATIC RECORDER FOR COUNTING 
HIGHWAY TRAFFIC 

Reported by R. E. CRAIG, Junior Highway Engineer, Division of Highway Transport, United States Bureau of Public Roads 

N PREPARING the initial plans for the State- 
wide highway planning surveys now being con- 

ducted by the highway departments of 43 States in 
cooperation with the Bureau of Public Roads, it was 

realized that, in order to obtain anything like complete 

traffic data for the entire rural mileage, counts on a 

large part of this system must be made on a limited 
schedule; and it was believed that continuous records 
showing typical traffic patterns would be invaluable 
in estimating traffic from these short counts. In 
addition, these records were needed to provide a basis 
for analyzing various daily, weekly, seasonal, and other 

traffic patterns in determining the relative reliability 
of various methods of sampling traffic. The need of a 
better basis than had previously existed for predicting 
future traffic was still another reason for obtaining con- 
tinuous records. However, the cost of obtaining such 

records by manual counts was so great that their accu- 
mulation, except in a few experimental operations, 
could not be justified by the value of the results. 

Before the first State-wide highway planning surveys 
were begun late in 1935, sporadic efforts had already 
been made to develop a counting and recording machine 
which would supply traffic records economically. The 
immediate need for this equipment in conducting high- 
way planning surveys lent sufficient impetus to these 
efforts to make possible the construction of a satis- 

factory model in the fall of 1935. 
The real problem in constructing a satisfactory auto- 

matic traffic recorder was the development of a reliable 

means of detecting the passage of vehicles, preferably 
some method which would not involve the use of a 
detector pad laid on the surface or inset in the pave- 
ment, and which could be produced and operated at 

reasonable cost. 
After investigation of available equipment and 

detailed consideration of a number of suggested methods 
it was concluded that the most practical method for 
detecting the passage of a vehicle at permanent instal- 
lations was the adaptation of the photoelectric cell. 
This cell is based on the principle that the conductivity 
of certain elements is proportional to the amount of 
light falling on the element. Photoelectric equipment 
for counting purposes had been in use for a sufficient 
length of time to demonstrate its efficiency and relia- 

bility under controlled conditions. 
The recorder developed was designed to count passing 

vehicles without counting pedestrians. This was done 
by using two parallel beams of light, approximately 30 
inches apart, directed across the roadway upon photo- 

electric cells. A standard photoelectric relay unit is 
designed as a switch to be operated by the simultaneous 
interruption of both light beams. This switch (the 
counter relay) operates the contact which, in turn, 

controls and operates the counting circuit. Pedestrians 
normally interrupt only one beam at a time and are 
not recorded. 

The photoelectric tubes are very sensitive and can 
be adjusted to record vehicles passing at high speeds. 

The machine is designed to count as many as 24,000 
interruptions of the light beams per hour. Infrared 

ray filters were installed in the light source to render the 
beams practically invisible, thus eliminating hazard and 

annoyance to passing drivers. Figures 1 and 2 show 
one of the types of photoelectric automatic traffic 
recorders being used in the highway planning surveys. 

Two types of automatic recorders are shown in figure 3. 

The recording mechanism is designed to print on 

standard adding machine tape once every hour, record- 

ing the day, hour, and minute, and the cumulative 

trafic total. Figure 4 shows a sample section of tape. 
The number of vehicles passing each hour is obtained 

by subtracting each total from the succeeding total. 
Postmeridian time is indicated by a dash under the 
hour. The recorder is timed by a self-starting syn- 
chronous motor of the type used in electric clocks. 

The recording or printing circuit is designed so that 
if the current fails, the recorder will stamp automatically 

the time of the failure and the cumulative counter 
reading. In case the recorder clock is found to be slow 
upon inspection, the time at which the power failure 
occurred is recorded and the proper corrections can be 
made to the record if there has been only one interrup- 
tion of current. 

INSTALLATION OF TRAFFIC RECORDER DESCRIBED 

Manufacturers can supply machines with auxiliary 

mechanical clocks to keep the equipment on time in 
the event of power failures. However, the dependa- 
bility of the power supply even on rural installations 
has proved to be such that the additional cost of this 
equipment has rarely been considered justified. 

The recorders now being used count and record the 

total number of vehicles passing the point at which they 
are installed. However, they can easily be adapted to 
count and record only vehicles proceeding in one direc- 
tion. This can be accomplished by adding relays that 
will permit electrical impulses to be sent to the counting 

mechanism only when the beams of light are inter- 
rupted in the proper order. 
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Figure 1.—REcORDING AND PRINTING APPARATUS IN ONE TypEe or Automatic TRAFFIC RECORDER. 

ViacurE 2.—INsprecTiInGe A Recorp TarE REMOVED FROM 
A RECORDER. 

FigurE 3.—Two Types or AUTOMATIC TRAFFIC RECORDERS. 

In the early experimental work, an effort was made 
to count trucks and busses independently of the total 
traffic by placing a third light beam, operating an 
independent counter, at a sufficient height above the 
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roadway to clear the tops of passenger cars. Satis- 
factory results were not obtained with this unit, how- 
ever, because a large number of light trucks are ap- 
proximately the same height as passenger cars and 
were not recorded; in addition, an appreciable number 

of passing trucks were found to be so loaded that each 
registered two or three times. The count obtained 
with this device was not accurate and the third beam 

was not incorporated in the final design of the recorder. 

No serious effort has since been made to develop a 
traffic counter that will record trucks and busses inde- 
pendently, as sufficiently accurate estimates of the 
percentage of truck and bus traffic are ordinarily ob- 
tainable by making short manual counts. 

The traffic counter operates on single-phase, 110-volt, 

60-cycle alternating current and, therefore, is usually 
installed near electric transmission lines supplying such 
power and where there is little likelihood of current 
failure. Installations are usually made away from 
built-up sections, especially schoolhouses, where there 
is likely to be a grouping of pedestrians. Groups of 
pedestrians will frequently interrupt both light beams 
simultaneously, resulting in extra counts. The number 
of under-counts, resulting when two vehicles pass 
simultaneously in front of the recorder and are recorded 
as one vehicle, is reduced by selecting a location where 
there is little chance of vehicles traveling in the same 

direction passing each other, as at a narrow section of 
the road, on the top of a hill, or on a curve. Installa- 
tions on 3-lane roads have, as a rule, been made only 

at points at which vehicles proceeding in the same 

direction are prohibited from passing. Satisfactory 
results on 4-lane roads have been obtained where the 
opposing lanes of traffic are divided and the recorders 
are installed to count traffic moving in one direction 
only. 

Figure 5 illustrates a typical installation for recorders 
in ordinary locations. The light source and recording 
unit are mounted so that the light beams make an 
angle of approximately 23° with a line transverse 
to the roadway. By installing the equipment at a 
skew with the roadway, the projection of the light 
beam on a vehicle is such that it will not permit the 
beam to pass between the body of the vehicle and 
protruding equipment, such as trunks or spare tires. 

This eliminates a number of extra counts that would 
be caused by the interruption of the light beams by 
accessories if the beams were directed perpendicular to 
the centerline of the roadway. Experience has demon- 

strated that the proper height of the ight beams above 
the roadway is approximately 3 feet 8 inches. At 
this height the beams do not pass through the windows 

of passenger cars, nor do they pass under trucks of 

ordinary design. When installed on curves the beams 
should be parallel to the superelevated surface. The 
specifications under which recorders have been pur- 
chased require that the equipment operate satisfactorily 
with a distance between the light source and receiving 

unit of 50 feet, and this is usually the maximum distance 
for field installations. However, the equipment has 
operated satisfactorily at distances considerably in 
excess of 50 feet. 

The recorder and light source are mounted on posts 
consisting of 4-inch pipe set in concrete to a depth of 
3 feet below the surface of the ground. The concrete is 

cast around a mold slightly larger than the pipe’s 
outside diameter, and after the concrete has set, the 
pipe is slipped into the hole and properly secured. 
Wedges are used, if necessary, to assure rigidity. In 

some instances, pipe standards having threaded joints 
at the ground level have been used. The advantage of 
these methods is that the equipment can be easily 
moved to a new location when desirable. 

Ficure 4.—Srcrion oF REcorp Tare From an AUTOMATIC 
TRAFFIC RECORDER. 

A box containing a meter, fuses, and master switch, is 

attached to the power line pole. Connections are made 
from the master switch to the equipment, wires being 
run inside the pipe supports wherever possible. If the 
cross connections are carried over the roadway, care is 
taken to place them a safe height above the road. In 
installing cross connections, advantage has been taken 
of any ready means of carrying the connections under 
the roadway, such as through a culvert or underneath a 
bridge. All exposed wires are carried in waterproof 

conduits. Figure 6 shows a typical automatic recorder 
installation. 
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Experience indicates that it is advisable to protect 
automatic recorders by installing them behind existing 
guard rails or natural barriers. Otherwise, it has been 
found necessary to install special guard rails to prevent 

damage to them. 

MANY DIFFICULTIES OVERCOME IN OBTAINING SATISFACTORY 
PERFORMANCE 

At the time the majority of the automatic recorders in 
use in the planning surveys were installed, knowledge 
of the performance of photoelectric equipment was 

limited largely to those who had done development 
work with them. Although the equipment was known 
to be affected by stray light and the intensity of the 
light beams directed on the photoelectric cells, many 
unanticipated difficulties were encountered. 

One of the first problems was the abnormally short 
life of lamp bulbs in the light sources of several instal- 
lations. For no apparent reason the lamp bulbs in 
these installations failed to give a reasonable length of 
service. Investigation led to the discovery that the 
voltage being supplied was in some instances as much 
as 20 or 30 volts above the required 110 volts. Un- 
timely lamp failures were eliminated either by requiring 
the power company to supply the proper voltage or by 
installing resistance coils in the light source to reduce 

the voltage supplied to the lamps. 
At different periods through the day machines would 

sometimes fail to count traffic or would record a large 
number of vehicles when only a few had passed the 
recorder. Apparently the trouble was not caused by 
stray light as a number of these failures were occurring 
at night. The trouble was corrected when methods of 
focusing the light beams were improved and the size of 
lamp bulbs used in the lamp source was increased from 
32 to 50 candlepower. 

In instances where insufficient light reached the 
elements because of condensation of moisture on the 
inside of the lenses in the receiving unit, heating ele- 
ments were installed or a deliquescent substance was 
placed back of the lens to absorb moisture. ‘These 
measures, however, did not completely solve all of the 
problems, as some recorders still performed erratically. 
A study of the conditions under which the recorders 
were operating revealed that intermittent operation 
was now confined largely to machines operating under 
weather conditions that produced high humidity. 
Moisture was collecting around the base of the photo- 
‘electric tubes, causing a leakage of current that resulted 
in erratic operation of the counter. To eliminate this 
leakage, heaters were installed to keep the base of the 
tubes dry. In extreme cases, connections were coated 
with beeswax to insulate exposed surfaces and prevent 

current leakage. 
Although stray light and humidity produce the same 

type of counting failures as insufficient light, adjust- 
ment of the photoelectric equipment must be carefully 
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made, or, In remedying one condition, the other will 
be accentuated. The operation of the photoelectric re- 
lay depends upon the amount of current passing through 
the photoelectric tubes dropping below and rising above 
certain critical values. If the conditions under which 
the equipment is operating are such that the proper 

change of current does not occur when the light beams 
are blocked, the relay may fail to operate, giving no 
count, or it may not operate positively, causing the 
contacts to ‘chatter’ and produce extra counts. 

The solution of the problem required: (1) That the 
best possible adjustment of light beams be made; (2) 
that some provision be made to eliminate excess mois- 
ture and stray light where the machines were subjected 
to an exceptional amount of either; and (3) that the 

photoelectric equipment be adjusted to provide ade- 

quate factors of safety against failure by insufficient 
light and stray light or humidity. 

It is apparent from the map in figure 7, which gives 
the locations of the 344 automatic traffic recorders now 
in operation, that this equipment is required to operate 
under wide ranges of temperature. Occasionally 
machines in the north are subjected to temperatures 
of 40° F. below zero, and in some desert regions to 
temperatures as high as 126° F. Like all machines 
required to operate under wide ranges of temperature 
certain precautions must be taken to insure satis- 
factory operation under extreme conditions. To pre- 
vent the stopping of the clock because of the congealing 
of oil in the rotor in cold weather, heaters are furnished 
and recommended for use whenever the machines are 
subjected to temperatures below freezing. However, 

cases have been found where machines have operated 

at 5° below zero without the aid of heaters. To accom- 
plish this, the machines must be in perfect adjustment. 

In one region it was found desirable and economical 
to use an insulated housing for the recorder. Experi- 
ments to determine the most economical combination 
of heaters to use under different temperature conditions 
showed that three heaters (one in each arm of the 

periscope, and one in the recorder box) would maintain 
a temperature difference of 42° F. between the recorder 
mechanism and the outside air, when the machine was 

enclosed in an insulated housing. This would be neces- 
sary only in subzero weather, and it is recommended 
that only the heaters in the periscope be used in 

moderately cold weather. 

Extreme heat will also affect the operation of the 
recorder. The caesium on the cathode of the photo- 
electric tube will vaporize under temperatures in excess 
of 150° F., and sufficient current will flow through the 
tube, even when there is no light on it to prevent the 
operation of the photoelectric relay. Old tubes are 
affected in the same manner at temperatures less than 
150° KF. ‘The recorder would be subject to such extreme 
heat only in exceptional cases. One State has reduced 
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Figure 7.—Locations at WuHicw AuTroMaAtic TRAFFIC REcoRDERS ARE BEING OPERATED IN CONNECTION WITH THE STATE-WIDE 
HicHway PLANNING SURVEYS. 

Figure 8.—AvtTomAtTic TRAFFIC RECORDER INSTALLED IN AN 
Auuminum Box ror Prorecrion AGaAtnst Heat, | 

the likelihood of difficulties from this source by enclosing 
the recorders in aluminum boxes. The box, as shown 
in figure 8, provides a dead air space which acts as 

insulation around the recorder, and the light-colored 
surface reflects rather than absorbs heat. 

IMPROVED MAINTENANCE HAS INCREASED EFFICIENCY 
OF MACHINES 

Heat also affects the infrared ray filters, causing them 
to fade because of the melting and running out of the 
gelatinous substance between the parallel glass plates. 
A new type of filter, consisting of a single glass plate, is 
now being used to replace the old filters when failures 
occur. 

In one instance, a short time after a State had begun 
operating automatic recorders 1t was found that one of 
the machines was not recording traffic from late after- 
noon until morning. <A check of the machine showed 
it to be in perfect working order, but when inquiry was 
made of people living in the vicinity, it developed that 
the recorder interfered with their radio reception and 
someone was blocking the light beams to prevent this 
disturbance. As soon as the State devised and in- 
stalled a filter that eliminated radio interference, the 
recorder was no longer molested and produced satis- 
factory 24-hour records. Since that time provision 
has been made for elimination of radio interference, 
wherever necessary, at the time of installation. 
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In a few instances States installed automatic traffic 
recorders with the receiving units facing north to mini- 
mize the effect of stray light. It was found that during 
certain hours on bright days light-colored vehicles 
passed the machines without being counted. The 
phenomenon is accounted for by the fact that the light- 
colored vehicles will, during certain hours of the day, 
reflect enough light to replace the usual light from the 
light source of the recorder so that the machine fails 
to record the vehicle. However, the resulting errors 
were insignificant, because the time during which 
they occurred was limited and the number of light- 
colored vehicles on the highways was negligible. Any 
errors of this nature may be eliminated, however, by 
installing the receiving unit so that light cannot be 
reflected into the lens of the receiving unit by passing 
vehicles. 

In the new models of automatic traffic recorders, all 

weaknesses in the early equipment have been con- 
sidered and provisions are being made to eliminate 
them. In a counter recently developed the effects of 
both reflected and stray light are reduced by using an 
amplifying unit designed for use with “chopped” light. 
The chopped light is produced by placing the lght 

source behind a shutter which is rotated at high speed. 
Reflected light will not replace the usual light supplied 
by the light source; and reflected light, therefore, can- 

not affect the operation of the counter. 
The automatic traffic counters were probably the 

first photoelectric equipment ever installed to operate 
over a wide range of climatic conditions. To obtain 
satisfactory operation of the machines, it was necessary 
that each be adjusted for the particular range of con- 
ditions to which it was exposed. The making of these 
adjustments required a thorough knowledge of the 
operation of photoelectric equipment. Schools in a 
number of conveniently located cities were, therefore, 

conducted by the manufacturer who had the first con- 
tract to furnish machines. These schools were attended 
by representatives of all but two of the States in which 
machines were installed at that time. Performance 
improved so rapidly that the average operating effi- 

ciency of the machines throughout the country rose 
from approximately 66 percent to approximately 88 
percent during the first month’s operation after con- 
ducting the schools, and since that time the operating 
efficiency has been steadily increasing. 

Improved methods of maintenance were developed at 
the schools with the result that good records have since 
been obtained at low cost. The method most generally 
used involves the appointment as supervisor of some 
person who has attended or has had special instruction 
similar to that given at the schools. The supervisor, 

who is usually assigned other duties in addition to those 
connected with the maintenance of this equipment, 

maintains a central headquarters and visits the ma- 
chines only when notified by local representatives that 

the equipment is not operating properly. No other 
person is permitted to make repairs or replacements of 

any parts except burned-out bulbs, which may be re- 

placed by certain local representatives of the State. 
Although the supervisor is the only one permitted to 

make repairs, local representatives of the State, such 

as maintenance employees, State police, or other State 

employees who pass the recorder in regular line of duty, 
are instructed to observe the machines at such times to 
determine if they are functioning. If no click is heard 
when a vehicle passes, the main office is advised imme- 
diately and the supervisor is sent to make repairs. 
Arrangements are also made for some local employee to 

remove and forward the record tape to the central office 
once a week. This same employee is instructed in the 
method of making certain minor adjustments, and he 

also replaces the bulbs in the light source at periodic 

intervals to prevent failure caused by burned-out bulbs. 

MACHINE COUNTS CHECK CLOSELY WITH MANUAL COUNTS 

In maintaining the machines it should be remembered 
that while interruptions in operation which prevent the 
accumulation of records for considerable periods of time 

are serious, minor interruptions which cause the loss of 
only a few hours of record or even the occasional loss of 
a day or two of records will not seriously affect the value 
of the results obtained. In spite of short interruptions, 
enough information is usually available on which re- 
liable estimates of the missing counts may be based so 
that the effect on the final results is negligible. 
Some States that keep accurate records of the per- 

formance of their recorders have found that where 
machines are adequately maintained, the average oper- 

ating efficiency of all machines in the State will exceed 
95 percent. Individual machines frequently operate at 
100 percent efficiency as long as 3 or 4 months at a time. 

Collisions, power and equipment failures, and other 

factors, any one of which will discontinue operation of 
the recorder, prevent an efficiency of 100 percent over 

an extended period of time. 
There are two sources of error in results obtained by 

the photoelectric type of traffic recorder that should be 
mentioned. The simultaneous passage of two vehicles 
is recorded as one vehicle. Offsetting this, single 

vehicles with peculiar bodies or with large openings on 
the body, such as tractor-truck semitrailer combina- 
tions, are frequently recorded twice or more. These 
errors tend to compensate each other and check counts 
indicate that generally the machine count is within 1.5 
percent of the actual traffic. Since the object in using 
automatic traffic recorders is to obtain records from 
which traffic trends can be determined, slight errors of 
this nature do not impair the value of the record. 

It has been found that as a general rule automatic 
traffic counters record quantities in excess of actual 
figures. The accuracy of the automatic count also 
appears to vary with the volume of traffic, more accu- 
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rate results being obtained on heavily traveled roads 
than on lightly traveled roads. The explanation for 
this is that the percentage of peculiarly shaped vehicles 
(farm machinery, etc.) is highest on lightly traveled 

roads, and also that more vehicles pass simultaneously 
in front of the recorder on heavily traveled roads, caus- 
ing overcounts to be more nearly balanced by under- 

counts. 

When properly adjusted, a machine may be relied 
upon to operate continuously with the same percent- 
age of error, the amount of which is determined by the 
type of traffic peculiar to the location. In contrast, 
individuals are known to differ in their ability to count 
the number of vehicles passing a given point. These 
differences can be attributed to the fact that when an 
individual counts traffic for a considerable period of 
time, he cannot maintain the same degree of accuracy 
because of the monotony of the task. 

Table 1 shows the results of manual counts made to 
check a number of automatic recorders located at 
different points throughout the country. 

TasLeE 1.—Comparison of automatic traffic recorder counts and 
manual counts of traffic made to check their accuracy 

Count made— 
Length of SS ans : aah Difference 

Manually | Mechanically 

Hours Vehicles Vehicles Percent 
21 6, 464 6, 445 0, 29 
11 2, 704 2, 708 ants 
13 2, 001 1, 998 aD 
13 1, 372 1, 372 Pe 
11 8il 829 PAID) 
9 770 782 1. 56 

16 569 599 5. 27 
2 529 540 2. 08 

13 450 454 . 89 
9 371 386 4.04 
3 344 342 58 
3 327 336 2.75 
2 318 321 .94 
4 224 224 Soe 
2 219 221 91 
3 144 148 2.78 

As a result of manual counts made in one State it | 

was suggested that a special circuit be designed for use 
in automatic recorders located on roads carrying little 
traffic. This circuit would control the counting mech- 
anism in such a manner that once both light beams were 
blocked and a count made, another count could not be 
registered until both light beams were again free. This 
would help to prevent overcounts on little-traveled 
roads. <A special circuit for such use is already being 
developed. This circuit will make it possible to obtain 
more reliable counts on roads carrying a large number 
of horse-drawn vehicles. 

In order to provide a convenient system for tabulat- 
ing figures taken from machines, the record card shown 
in figure 9 was developed. On the back of the first 
weekly record card for each recorder a detailed sketch 
of its location is made. Under “Remarks” any unusual 
conditions that may affect traffic are entered. Data 
obtained directly from the tapes of properly operating 
recorders are entered in black ink. All estimated data 

for periods when the machine is known to be function- 
ing improperly are entered in red ink. Thus, when an 
analysis of the records is made, the analyst has before 
him in a convenient form practically all of the informa- 

tion needed. 

Form 24 (1. PS, 
SOUTH CAROLINA 

AUTOMATIC TRAFFIC COUNT RECORD 

2 c Darlington RTE TI GGS  Voenee sept perseeensiin meee rorrtar erty area ounty...2. osaeneees 

Location.00. US Rts. 15 & 52, Primary System, 1.8 miles.South 

piece dey. Hyd. Beginning... April Urs eo ee ogeastvdeaee 

DAY SUN, 
alt 

Date 18 | 

Hour 

12- 

el a}ralu}aleloo ra real ire ol CLS IN ID | nhl wlrn | — 

hw - 

38 | 31 34[ 45] 25 | 
1605 | 1525 

1105.8 100.5 | 101.1] 84.2 
oes pea 

FIGURE 9.—SAMPLE WEEKLY REcoRD Carp Usmp In TABULA 
TING DatTA OBTAINED By AUTOMATIC TRAFFIC RECORDERS. 

Weather 
Condition 

~ REMARKS: 

COUNTERS PLACED AT CAREFULLY SELECTED LOCATIONS 

The best method of estimating missing data for com- 
paratively short periods will depend upon the particu- 
lar circumstances. When the record for part of a day 
is lost, but the record for the rest of the day is adequate, 
an effort should be made to establish the relationship 
between the available data for that day and the data 
for the corresponding days in each of the two preced- 
ing and each of the two succeeding weeks. These rela- 
tions can then be used to obtain a reasonably accurate 
estimate of the required data. 

Ordinarily, the: hourly distribution and volume of 
daily traffic from Monday through Friday is fairly uni- 
form for a given road. Therefore, when data are miss- 
ing for a short period on one of these days, a safe esti- 
mate can often be made by simply averaging the counts 
for the corresponding hours shown for the other 4 days 
of the same week. 

To obtain the most valuable records by the use of 
automatic traffic recorders, it is essential that the re- 

corders be properly located. In selecting locations the 
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special uses to which the data are to be adapted must | 
be considered. These uses generally are: 

1. To aid in expanding sample counts that are ob- 
tained at other points on the highway system. 

2. To provide a basis for analyzing various daily, 
weekly, seasonal, and other traffic distributions, or ‘“‘pat- 

terns” in connection with determining the relative reli- 
ability of various methods of sampling. 

3. To provide a basis for predicting future traffic. 
In addition, there are a number of other uses which 

may be made of automatic traffic recorder data. Rec- 
ords obtained by these machines will: Provide a means 

of studying the relations between Sunday traffic vol- 
umes and weekday traffic volumes during the year; aid 
in studying the frequency distribution of daily traffic 
volumes; and assist in investigating traffic fluctuations 
produced by the opening of new roads or improvement 

of old roads. Specially equipped machines are now 
being used to study fluctuations within the hour. 

To accomplish these purposes with a minimum num- 
ber of machines, special care must be taken to locate 
the recorders so that each traffic pattern developed 
from a continuous record will be typical of a certain 
class of traffic. This suggests that the first step is to 
classify all roads according to the class of traffic carried; 
that is, tourist, farm-to-market, combination tourist 
and farm-to-market, metropolitan, etc. The next step 

is to pick typical locations for each classification at 
which it will be easiest to isolate the effect of the pre- 

dominant class of traffic. 
Probably the most important use of data recorded by 

automatic traffic recorders is to furnish a basis for estab- 
lishing fundamental traffic trends and determining 
normal traffic patterns. These trends and patterns 
are of great importance in connection with predicting 
future traffic and in checking the dependability of 

various methods of sampling traffic. 
Complete data for a considerable period of time are 

required to determine normal traffic patterns. A sea- 
sonal traffic pattern, for instance, is not merely a curve 
showing seasonal variations in traffic for a certain year, 
but itis a traffic pattern based upon counts made for sev- 
eral years. This pattern will indicate the usual seasonal 
variation together with the degree to which it may be 
expected to vary from year to year. Similarly, traffic 
patterns must be determined for days of the week, 

hours of the day, and in certain cases, intervals during 
each hour. <A traffic pattern cannot be considered as 
fixed, as changes are constantly occurring. 

Additional phases of this problem may be indicated 
by pointing out that in order to determine the normal 

seasonal traffic variation at a certain location, it is 

necessary to know the underlying growth tendency 
(secular trend) as indicated by records over a consid- 
erable number of years. Obviously the normal dis- 
tribution of traffic by days of the week or hours of the 
day cannot be determined without, at the same time, 

determining seasonal variation. Once normal trends 

and patterns are established, it will be possible to 
isolate the influences of general and local economic 
conditions and often unusual factors influencing traffic 
patterns can be identified. Data collected by hours 
over a period of several years also serve as a basis for 
determining schedules for taking limited samples that 
will yield satisfactory results. 

The greatest progress in ascertaining the influence of 

general and local conditions upon traffic can be made 
by keeping the machines at fixed locations for long 
periods of time. Therefore, automatic recorders should 

not be moved from one location to another unless the 
number of available recorders is so small that they can 
be used only to develop factors for the expansion of 
short counts. Expansion factors obtained in one year 

and applied to short counts obtained in another are of 
questionable reliability, especially where there is no 
reliable information regarding the secular trend of the 
traffic patterns on these roads. 

COUNTER RECORDS USED IN EXPANDING MANUAL COUNT DATA 

In connection with the problem of deriving factors to 
be used in expanding short manual counts obtained at 
many points, it is desirable to obtain answers to the fol- 

lowing questions for each available set of data: 
1. What is the relation between the number of vehi- 

cles passing during the period of the day when the man- 

ual counts are scheduled, and the number of vehicles 

passing during the entire 24-hour period? 
2. What is the relation between the average daily 

traffic from Monday to Friday and the average daily 
trafhie for the whole week? 

3. What are the relations between the average daily 

traffic for each month and the average daily traffic for 
the year? 

Since these basic relations are desired for traffic pass- 
ing each machine, it is convenient to arrange the data in 
forms similar to the partially filled forms shown in 

figures 10 and 11. 

On different classes of roads, these relations are found 

to be quite different. By classifying the influences that 
are known to account in part for the variations in the 

relations, and by modifying the relations in accordance 
with the data obtained at manual contro] stations 

where a number of repeat counts are obtained at inter- 
vals throughout the year, a number of classified groups 

of expansion factors are obtained. From these groups 

of expansion factors, those applicable to a single route 
where short sample counts have been made can be 

selected and applied. 
Arrangement of the data in the form shown in figures 

10 and 11 also facilitates investigation of the relative 
reliability of various methods of sampling traffic. In 
studies of this type, it is assumed that counts have actu- 

ally been made on the schedule being investigated, with 
the first count on the schedule beginning on the first day 
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PENNSYLVANIA Station: B-382 

Automatic Recorder Data for One Month by Days of the Week 

Relationship between the 8 am to 4 pm traffic 
Route: Pa. 284 and the 2liehour traffic Month: March 1937 

Traffic 1 Percentage 

Day of the S a.m, 8-l traffic Other datatendercnevie 
week and 24 hours to is of dle 2 

date 4 p.m. hour traffic 

Tuesday - March 2 

*] 
16 
23 
30 ) 1 

Total 
Wednesday-March 3 505 234 

10 286 121 
17 152 a 
oy 450 165 

Total 

Friday - March 5 355 162 
12 361 151 
19 320 12 
26 4 19 

Total 
Saturday-March 6 436 197 

13 4yil 170 
20 2 255 
27 é g 194 

Totel 
Total 

4 Sundays 2008 1011 
23 Weekdays 8095 3605 

Saturdays 1809 816 

Average 

Sunday 502 253 50.4 
Weekday 52 15 45.2 
Saturday (ee 20 45.1 

Adjusted average 

day for the month 388 179 46.1 

2/ 

V When machine failures have necessitated estimates for an entire day, do not enter 
estimated figures; however, figures for a day which include reliable estimates for 
only a portion of the day should be entered, 

2/ Computed by the formla ee (A represents average weekday; B, average Saturday; 

and C, averege Sunday) to provide correct weighting in the event of extra Saturdays or 
Sundays, or missing data. This average may differ slightly from that obtained by 

Gividing the total number of vehicles for the montn by the number of days in the month. 

Ficure 10.—Form Usep In SuMMARIZING EFacu Monrn’s Trarric Data. 

ae 6 h mL 

EE 
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Route: Pa. 284 PENNSYLVANIA Station; E-382 

Automatic Recorder Data by Months Year: 1937 

A yearly record by months showing: (1) the mumber of vehicles for the average weekday and for 
the adjusted daily average; (2) the percentage that the adjusted daily average is of the 
average weekday; (3) the percentage that the adjusted daily average of each month is of the 
adjusted daily average of the year, and (4) the percentage that the § a.m. to 4 p.m. traffic 
is of the 24-hour traffic for Sunday, Monday to Friday, Saturday, and Sunday to Saturday. 

. Factors influencing the traffic pattern: 

Type of traffic L/ 

Percent passenger cars 2/ na Percent foreign vehicles 2/ 

Remarks 7 in arate tes 

= az [Number of fercrecnrace that the 8 a.m to 4 Pe Me 
|___ vehicles Percent- raffic is q he behow: affic 

Percent-| age the 
5/ age the month 

Uf | Adjusted | adjusted} daily 
Month Average daily daily average Monday Sunday 

; weekday | average | average jis of the; Sunday to to 
(iionday | (Sunday |is of the] year Friday Saturday 

to to average daily 

Sk dei btn seus) | ras averse 
1931 

January 274 297 108.4 69.1 4g.8 42.7 44.1 

February 287 326 113.6 15.8 50.4 43.2 448 

March 352 388 110.2 90.2 50.4 45.2 46.1 

April 306 349 14,1 $1.2 53.5 43.8 45.8 

May 391 489 125.1 LL 42,6 45.9 43.8 

June 437 569 130.2 132.3 35.5 45.8 40.6 

July 383 52s 137-9 122.8 34.3 38.9 36.7 

August 385 593 154.0 137-9 30-7 36.9 3364 
September | 366 | 498 136.1 115.8 39.5 | 42.1 41.0 

October | 331 | 392 118.4 91.2 46.8 40.8 42.6 

November 341 380 111.4 88.4 51.5 45.7 47.4 

December 314 353 112.4 $2.1 51.2 | 48.4 4g.4 

Daily average 

for the year |6/ 347 | 6/ 430 123.9 Tele tT) Bek V/4e2s1 

Interstate, recreational, suburban, coal hauling, farm-to-market, etc. 

Insert when available. 

Such as: "Almost exclusively farm-to-market traffic in a community where there is 
little night travel and an unusual number of horse-drawn vehicles." 

Average of all days of the month except Saturdays and Sundays. 

iat) Ae se. Adjusted daily average for the month, including Saturdays and Sundays, computed by the 

forma ae ee « See footnote 2 on the preceding table, 

Ss Ideally the daily average for the year would be obtained by dividing the annual total 
by 365, but inasmch as 100 percent complete data are not always available, the sug- 
gested method is to divide by 12 the sum of the adjusted daily averages for the months 

without regard for the varying lengths of the months or the varying ratios of Saturdays 
and Sundays to weekdays. This procedure will result in a close approximation to the ideal 
figure. : 

wih Similar to note 6 above, the preferred method of obtaining the percentage that the 
yearly 8 a.m to 4 p.m traffic is of the yearly 24-hour traffic would be to divide 
the total 8 a.m to 4 pem traffic by the total Q-hour traffic, but, in order to 
prevent unrepresentative weighting of months with complete data as compared with 

months with partial data, the sum of the daily average 8 a.m. to 4 pm traffic for 
the 12 months is divided by the sum of the daily average 2l-hour traffic for the 12 

months to obtain this percentage. 

Figurp 11.—Form Usep 1n SumMarizinGc Trarric Data By MonrTuHs. 
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of the year. By advancing the date of initial operation 
successively to each day throughout a complete period, a 
group of samples can be obtained which, when expanded 

according to the best available methods, can be studied 
by various statistical methods to obtain some measure 

of the reliability of the sample. This same procedure 
can then be extended to other proposed sampling sched- 
ules. After the relative reliability of a number of 
schedules is known, future traffic surveys can be planned 

so as to obtain the desired information in the quickest 
and most economical manner. 

Because the automatic traffic recorders have been in 

use but a short time, the records are as yet inadequate 
to enable determination of normal seasonal patterns, or 
the causes of deviations from the normal patterns. 

2,312 VEHIGLES PER DAY; ON A MAIN HIGHWAY CARRYING 

MORE THAN AVERAGE THROUGH TRAFFIC 
8 — ' 

pee eee ee ee | 

1,620 VEHICLES PER DAY; ON A MAIN HIGHWAY GARRYING 

MORE THAN AVERAGE THROUGH TRAFFIC 
Wess 

448 VEHICLES PER DAY; ON A LOGAL ROAD CARRYING 
FARM-TO-MARKET AND TOURIST TRAFFIC PERCENTAGE OF TOTAL DAILY TRAFFIC 

- 

8 

6 

4 

2 

@) a2! 

12 2 4 6 8 10 NOON 2 4 6 8 1 te 

A.M. PM 

PERCENTAGE OF TOTAL DAILY TRAFFIC 

HOUR OF THE DAY 

COST OF OPERATING COUNTERS DISCUSSED 

A recent survey disclosed the average cost of operat- 
ing one automatic recorder at a rural location for a 
month to be as follows: 

Overheadc 2s2.5:) -Sdeetee ee Se ee ee $3. 69 

Supervision..2.'s Jess see ee eee 4, 04 
Maintenance: 

LabOtiina~ a see ob dee oa ee 6. 57 

Subsistence... 22: 28 eee ee paar 2. 48 
‘Travelx) 262 30 ee 8. 51 

POWerss22520 03 asa ee ee eee 4.05 

Supplies, ete. Ses aaa eee 2. 20 

Total sejcectcu nee Fane esa ee eee 23. 81 

Preparation of records4x= 6 == 22 Sa eee 7. 86 

257 VEHICLES PER DAY; ON A ROAD SERVING A REGREATIONAL AREA 
a Tanne eer ar ai 

te a 4 6 8 {0 NOON 2 4 6 8 10 2 

A.M PM. 

Figure 12.—Exampues or Hourty VARIATIONS IN TRAFFIC VOLUME ON Roaps CARRYING DIFFERENT CLASSES OF TRAFFIC DURING 
oie 

Such determinations will be necessary, however, in con- 
nection with the isolation of individual influencing fac- 
tors. After the effects of each of a number of factors 
can be distinguished, it is hoped that roads can be 
scientifically classified into groups having like traffic 
characteristics. When this is done, many of the changes 
in the flow of traffic may first be identified, and later 
predicted. . 

Figures 12, 13, and 14 show typical traffic patterns 
developed from records obtained by automatic recorders. 

Costs of operating recorders at urban locations 
would probably be less because of reduced travel dis- 
tance and lower power rates. 

The average cost of installing one machine is $124.67. 
This cost varies widely, depending on the amount of 
travel required to reach the location. 

The yearly cost of obtaining traffic counts by the 
automatic traffic recorders is small when compared 

1 Preparation of records covers the cost of transferring figures from record tape to 
permanent card forms. 
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Fr 

PERCENTAGE OF YEARLY TRAFFIC 

PERCENTAGE OF AVERAGE DAY OF THE WEEK 

2,514 VEHIGLES PER DAY; ON A MAIN HIGHWAY 
CARRYING MORE THAN AVERAGE THROUGH TRAFFIG He 4.67 VEHICLES PER DAY; ON A ROAD SERVING A RECREATIONAL AREA 120 : 

110 

100 

90 

|,627 VEHICLES PER DAY; ON A MAIN HIGHWAY | 
CARRYING MORE THAN AVERAGE THROUGH TRAFFIC - 250 j— 2 othr so a +e 120 

110 

100 

90 

40] VEHICLES PER DAY; ON A LOCAL ROAD 
=e CARRYING FARM-TO-MARKET TRAFFIC 

140 

130 

120 

110 

150 in 

100 

30 

80 

70 

PERCENTAGE OF AVERAGE DAY OF THE WEEK 
me 7,450 VEHIGLES PER DAY; ON A DOWNTOWN CITY STREET 
| 

100 T 

30 

80 

70 

60 

Co a ree = = 0 = —— 
SUN. MON TUES. WED. THUR FRI. SAT. SUN. MON. TUES. WED. THUR. FRI SAT 

DAY OF THE WEEK 

EXAMPLES OF DAILY VARIATIONS IN TRAFFIC VOLUME ON Roaps CARRYING DIFFERENT CLASSES OF TRAFFIC DuRING 
1937. 

50 

GURE Io. 

ON AMAIN HIGHWAY CARRYING MORE THAN AVERAGE TOURIST TRAFFIC IN FLORIDA; AVERAGE DAILY TRAFFIC = 2,921 VEHICLES 

Sere = | 

; ON A MAIN HIGHWAY CARRYING MORE THAN AVERAGE TOURIST TRAFFIG IN IDAHO; AVERAGE DAILY TRAFFIC = 2,330 VEHICLES 
i al er Sy pe 

i ee ee eee 

ON A GOUNTY ROAD CARRYING FARM-TO-MARKET TRAFFIC IN 1OWA; AVERAGE DAILY TRAFFIC = 270 VEHICLES 

0 ~ aat! 

JAN. FEB: MAR. APRIL MAY JUNE DULY AUG. SEPT. ocT. NOV. DEC. 

Figure 14.—WeEErEKLY VARIATIONS IN TRAFFIC VOLUME ON RoApDS CARRYING DIFFERENT CLASSES OF TRAFFIC DuRING 1937 
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with the cost of obtaining the same record manually. 
The following is an estimate of the annual cost of 

operating the average automatic traffic recorder: 

Depreciation (based on assumed 5-year life and average 

first COsteOth4 06:00) eemem niente meee aes $81. 20 

Installation (based on 5-year period and average installa- 

BKOUAULELOTS|NONE Hod PUA nas Oe ee ee ee ee 24, 93 

1 year’s operation costs at $39.40 per month----_---_- 472. 80 

A Xo) 2:) ee ee Sen ae aE ee ee SS ee eS $578. 93 

The estimated yearly cost of obtaining the same 

record manually is between $6,022.50 and $8,212.50. 

This estimate is based on reliable figures, which show 

that the average cost of making an 8-hour count ranges 

between $5.50 and $7.50. 
Before comparing the cost of counting traffic man- 

ually with the cost of automatic counting, it should be 
pointed out that a man stationed at an intersection can 
count traffic on all roads entering the intersection, 
whereas an automatic counter obtains a count for only 
one road. In addition, manual counts will give the 
composition and direction of traffic flow. However, as 
automatic traffic recorders are used to obtain contin- 
uous records, where the number of vehicles passing a 
point by time intervals is the information desired, and 
because only occasionally will more than one distinctive 
yet representative traffic pattern be obtainable at an 
intersection, the estimated cost of obtaining such records 
by the two methods may be compared. On the basis 

of these estimates, approximately 10 to 14 years’ 
records could be obtained by the use of automatic 
trafic recorders for the cost of obtaining 1 year’s manual 
record. As the number of automatic traffic recorders in 

operation increases and methods of inspection and col- 
lection of records are improved, the cost of operating 

each machine will probably decrease. 
Considering the economy of the automatic traffic 

recorders, it might be asked why machines are not used 
exclusively. One reason is that in traffic surveys it is 
not enough to determine only the number of vehicles 
which use the highways. It is generally desired to 
classify the vehicles as passenger cars, trucks, tractor- 
trucks and semitrailers, and busses. Moreover, another 

classification distinguishes between those vehicles 
having license tags from States other than that in which 

they are observed, commonly called “foreign” vehicles, 
and those vehicles having license tags of the State in 
which they are observed, commonly called ‘local’’ 
vehicles. 

Thus, a comprehensive traffic survey makes necessary 

humerous manual counts. However, it is believed that 
the most economical and desirable plan for conducting 
traffic surveys would be one in which most of the 
actual counting would be done by machines, and manual 
counting would be restricted to a minimum number of 
counts at a few control stations, all of which would be 

operated for the purpose of obtaining the necessary 

samples of classified traffic. Ratios between the var- 
ious types of vehicles observed at the manual control 

stations could then be applied to all the vehicles counted 
by the machines. 

ATTEMPTS BEING MADE TO DEVELOP PORTABLE COUNTERS 

The automatic traffic recorder which has been de- 

scribed was designed for permanent installation to 
provide continuous records for long periods of time. 
The installation expense and electric power require- 
ments of these machines make it impossible to extend 
their use to assist in accumulating the desired sample 
counts at thousands of points throughout a State, or 

in connection with a city traffic survey at hundreds of 
points within a city. Attempts to develop a satisfac- 
tory, low-cost, portable automatic recorder for this 
work have been in progress for a number of years. 
Efforts have been intensified since 1936 when many of 
the States began their planning surveys. 

The most difficult problem encountered in the at- 
tempt to develop portable machines has been that of 
designing a suitable detecting unit that could operate 
economically as a self-contained unit. Efforts have 
been made to develop a suitable road switch, consisting 
of two pieces of spring steel, separated at intervals by 
spacers and encased in rubber. The road switch is 
placed on the road surface and is connected to a storage 
battery and counting unit. An electrical impulse 
actuates the counting unit each time the wheels of a 

passing vehicle press the spring steel strips together. 
Only recently the Bureau has been experimenting 

with an air switch, which consists of a small rubber 

tube and diaphragm arranged to operate an electrical 
contact. The tube is placed on the road surface and, 
when compressed by the wheels of a vehicle, sufficient 
air is displaced to move the diaphragm. The move- 

ment of the diaphragm causes an electric contact to 

actuate a counting mechanism. This type of switch 
offers attractive possibilities. 

Portable machines utilizing either the contact switch 
or the air switch may soon be available. However, 
experiments with such devices have been confined to 

paved roads. The problem of adapting them to un- 
paved roads still remains to be solved if these machines 
are to be of more than limited value in counting 

traffic. This consideration, of course, is unimportant 
in connection with city traffic surveys. The road 
switch detecting unit appears ideal for city traffic 
counts because of its ability to detect vehicles traveling 
in the same direction in different lanes, even when one 

vehicle lags only slightly behind the other. Also, 
whenever desired, road switches could be installed in 
a single traffic lane, or a group of machines could be 
installed, each of which would record traffic moving in 
a single lane. 
A portable automatic recorder with a single-beam 

photoelectric detecting unit, operated by batteries, has 
recently been designed. It is expected that a model of 
this machine will soon be constructed and ready for 
testing. This machine offers particularly attractive 
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possibilities for use on unpaved rural roads, and may be 
the means of effecting a considerable saving in the cost 
of future traffic surveys. 

Numerous attempts have been made to develop 
detecting units of other types, including the use of 
hydraulic tubes on the road surface, sound equipment, 
and magnetic circuits, but thus far none of these 
attempts has proved successful. 

The requirements of a satisfactory portable machine 
have been considered to be: 

1. Continuous operation for 8 days without attention. 
2. Reliable timing with error no greater than 5 min- 

utes in 24 hours. 
3. Efficient counting on both paved and unpaved 

roads, 
4. Printing of the cumulative traffic total once each 

hour on the hour. 
5. Installation to be accomplished by 1 man in 

about 15 minutes. 
SUMMARY 

Experience in the development and use of automatic 
traffic recorders indicates that they are a practical 
means of obtaining traffic records needed in planning 
future highway and street improvements. Present de- 
velopments can be summarized as follows: 

1. Three hundred and forty-four automatic traffic 

recorders located on all types of roads are now in use 
throughout the country, accurately counting and re- 
cording, hour by hour, all passing vehicles. 

2. Records now being obtained from automatic 

traffic recorders are making available to traffic engineers, 
for the first time, complete traffic records for a large 
number of selected points which can be used in studying 
the fluctuations in traffie flow. 

3. With a knowledge of the fluctuations in traffic 
flow, engineers can arrange future schedules for counting 

traffic to produce the most accurate results at minimum 

cost. 

4, When records are obtained over a period of years, 
predictions of future traffic volumes and future traffic 
requirements can be made with much greater accuracy 

than is possible today. 
5. A valuable basis is being provided for deriving and 

checking factors for expanding short counts being made 
in the current State-wide highway planning surveys. 

6. Present developments in the field of portable 
automatic traffic recorders indicate that it is reasonable 
to expect that in the near future machines will be used 

extensively in making traffic counts. 
7. Machines are well adapted to use in connection 

with city traffic surveys, and it is probable that they 
will be used extensively in cities in the future. 

An Action Program to Advance Safety on the Highways 

(Continued from page 36) 

Government would be the establishment of an inter- 
departmental committee with representatives assigned 

from all of the Federal organizations which now have 
authority over, and responsibility for, elements of the 
‘safety problem under the Federal laws. In addition 
to this official organization there should be an advisory 
committee composed of representatives of the important 
national associations which are engaged in the traffic 
safety field in its broad aspects. This plan, together 
with the plan of organization of the State safety au- 
thority, would form a complete national structure for 
the formulation of an adequate nation-wide program 
and its effective operation. 

8. A national educational program.—One of the most 
assuring steps that has been taken in the field of educa- 
tion is the action by the National Education Association 
and the American Association of School Admunis- 
trators to prepare a yearbook on safety. This impor- 

tant undertaking will be supplemented by various 
bulletins and other useful material to be distributed 
to all the public schools of the country to serve as a 
background for sound safety instruction to school 
children. 'Too much emphasis cannot be placed upon 
the importance of this whole activity. 

One of the most valuable contributions to a per- 
manent safety program which will doubtless result 

from this organized study by the educators will be an 
evaluation and decision as to the supplementary safety 
activities which should be undertaken or continued on 

an even broader scale in connection with the public 
schools. One of the greatest hopes for improved safety 

conditions lies through the implanting of correct think- 
ing and habits in those who are now passing through the 

public schools. Illustrative of these supplementary 
activities are the driver training and school patrol 
sponsored by the American Automobile Association. 
In addition, a widespread program of public education 
and of specialized training of traffic officers and en- 
gineers is under way by national organizations through 
funds provided by the Automotive Safety Foundation. 
This list of organizations is a notable one, and has been 
mentioned in connection with the formulation and 

recommendation of a safety program for each State. 

Every indication points to progress during the 
coming year in the safety movement far beyond that 
made in any previous year, but the concept of adequate 
governmental organization and comprehensive laws 
must be the objective continuously recognized as 
fundamental in the establishment of a permanent 
safety program. 

2 These organizations include the following: American Automobile Association, 

American Legion, Automotive Safety Foundation, General Federation of Women’s 

Clubs, Harvard Bureau for Street Traffic Research, Highway Education Board, 

International Association of Chiefs of Police, National Automobile Dealers Associa- 

tion, National Congress of Parents and Teachers, National Grange, National Safety 

Council, Northwestern University Traffic Safety Institute. 
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