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dices. Sections 5 and 6 do not appear to present 
any particular problem from a traffic service 
standpoint Sections 1, 2 and 3 are of three 
lane concrete pavement, 27 f t . m width. Sec
tion 4 is an 18-ft concrete pavement as are 
sections 5 and 6 I t is obvious from a scrutiny 
of the congestion mdices for this route that 
three of the first four sections have reached a 
point of intolerable traffic congestion and will 
require corrective measures within a reason
ably short time. Sections 5 and 6, while not 
indicating severe congestion, must be rebuilt 
withm a reasonable period of time due to 
physical obsolescence 

AppUcaiUm of Congestion Index to Design—It 
appears reasonable to conclude that a highway 
section which does not presently or wUl not, 
through normal traffic increase, reach a con
gestion index of 1.0 is adequate to serve present 
and future traffic from a design standpoint. I f 
improvement is indicated i t is dictated rather 
by conditions of physical obsolescence or high 
maintenance costs. The existing geometric 
design with respect to general roadway align
ment and width appears adequate to serve 

traffic The significance of the low congestion 
index lies in the fact that i t may be of mate
rial value in assistmg to prevent over-design. 

In those instances where highway sections 
show a present congestion index of 1.0 or 
will reach that point within a reasonable time, 
given normal traffic increase, reference to the 
congestion index should serve as a guide to 
a design section m detennming whether a 
planned improvement is adequate to serve 
present and probable future traffic needs. 

CONOLITSION 

This discussion of preliminary conclusions 
has been necessarily rather broad. The con
gestion mdex should not yet be accepted at 
ite face value. I t is our opinion that a great 
deal more work should be done. There may 
be weaknesses in the methods set forth here 
which further study will reveal so that the 
general idea, which prompted the develop
ment of the congestion index, will eventually 
result in a useful tool for the highway ad
ministrator in meeting his ever present prob
lem of highway improvements. 
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SYNOPSIS 
Most vehicle detecting mechanisins or systems in use today have a serious 

limitation in that they cannot accurately determine the transverse location of a 
vehicle. This deficiency is serious inasmuch as many important traffic problems 
cannot be properly studied or satisfactorily solved to the exclusion of data on 
lane traffic patterns and transverse placement. To facilitate the study of such 
problems, the Institute of Transportation and Traffic Engineering of the Uni
versity of California initiated a research program to develop a more universally 
applicable detecting unit In addition to sensitivity to transverse placement, 
other important design criteria included inexpensive manufacture, inexpensive 
installation and maintenance, portability, rugged construction for field use, re
liability of operation, concealment from the driver, and weather resistant quali
ties. The detecting unit which was designed is believed to embody the various 
qualities specified. 

The detector is of the so-called metalhc contact type in which two metallic 
elements, normally held open by some form of a spacer, are closed by a wheel 
passing over them In this design, the bottom contact extends throughout the 
entire length of the unit and serves as a common contact for all the circuits The 
top contact is made up of one-foot metal segments which, together with the com
mon bottom contact, constitute the elements for the individual circmts Lead 
wires are attached to each segment so that, with appropriate jumper connections. 
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any desired segment width can be readily obtained The entire unit is attached 
to the road surface by means of a quick drying rubber cement and a covering of 
industrial adhesive tape The tape also serves to protect the unit from abrasive 
tire action. 

In order to evaluate the design a test program was set up wherein the detect
ing umt would be subjected to both severe and ordinary driving conditions as 
well as to a series of controlled conditions involving rapid acceleration, decelera
tion and skidding The results of these tests indicate that the design is basically 
sound and also practical. 

An integral part of almost all traffic instru
mentation systems is a detectmg medium 
which impresses the presence of a vehicle at 
a specific point on the road mto the system. 
The system, in turn, utilizes this information 
to determme the particular traffic variable 
bemg measured, such as speed, volume, den
sity or transverse placement. In the past, the 
detecting function has been performed in a 
number of ways which can be convemently 
grouped m three categories, namely; visual, 
photographic and vehicle-actuated. 

I n visual detecting systems, the position of 
a vehicle relative to a fixed landmark is de
termmed by an observer watching the road. 
An example would be an observer counting 
the vehicles that went past him. Telescopes 
and vanous surveying instruments have beoi 
used as a refinement for sightmg the vehicle 
from a distance, but the general principle is 
the same. 

I n the photographic method, motion pic
tures are taken of a given landmark and show 
each vehicle approaching and reaching the 
landmark. Smce the camera is usually oper
ated at a constant speed, the time-location of 
the vehicle is given by the particular frame in 
which the vehicle is ehovn as having reached 
the predetermmed position (S). 

The vehicle-actuated system, which has 
been the most widely used method of the 
three, operates on the prmciple of automati
cally giving a signal at the instant a vehicle 
moves across a fixed line on the road. A ve
hicle actuated system which does not operate 
on this principle is the Electro-matic Speed 
Meter {ly which indicates the instantaneous 
speed of a moving vehicle on the basis of the 
diange in frequency of a radio wave reflected 
from the movmg vehicle. This prmciple of 
operation is qmte different from the other, 
but since there is only the one system based 
upon it , i t will not be considered m this paper. 

> Italicized figures in parentheses refer to 
the list of references at the end of the paper. 

Probably the most commonly used vehicle-
or wheel-actuated detecting device, other than 
the permanently installed treadle-type detec
tor used in traffic control systems, is the pneu
matic detector m which a length of rubber 
tube is placed across the road perpendicular 
to the duection of vehicular travel and is se
cured in place by clamps spiked to the road. 
The tire rolhng over the tube sets up an ab 
pulse which actuates some form of switch or 
counter which is attached to one end of the 
tube (S). 

Anotiier vehicle-actuated detecting system 
utilizes photo-electnc tube circuits. Here, a 
light beam is directed across a roadway into 
either a phototube or photoelectric cell. When 
the beam is interrupted by a passmg vehicle, 
an electrical circuit is either energized, or de-
genenzed (4) (7). In another class of vehicle-
actuated detecting ^stcms, metalhc contacts, 
normally held open, are pressed together as 
the wheels pass over them, thereby closing 
an electrical circuit. These are usually referred 
to as the direct contact type of detectors. 

Each of these three systems has some -very 
desirable characteristics. The pneumatic de
tector is portable, relatively easy to install, 
inexpensive, and stands up well under field 
conditions. The photoelectric systems subject 
no parts to traffic wear, can be used on all 
types of roads and can be effectively camou
flaged so that the driver does not know that 
the road is instrumented. I n the metallic con
tact detector, the operation is the most posi
tive and, at the same tune, simple. A t the 
present stage of development all of these 
detectors are so limited in application that 
transverse placement cannot be measured, 
although some phototube systems can differ
entiate direction. The seriousness of this limi
tation will be evident if consideration is given 
to the many important problems m which 
lane traffic patterns and transverse position 
are significant 

To overcome the deficiency, the Institute of 
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Transportation and Traffic Engineermg of the 
University of Califomia initiated a program 
for the development of an appropriate tjrpe of 
vehicle-actuated detector. Design criteria were 
established with the aim that the final design 
would embody, in addition to the transverse 
placement measurmg quahty, the most desir
able characteristics of the other vehicle-actu
ated detecting systems to the greatest extent 
feasible Desired characteristics included: 

1. Sensitivity to transverse placement 
2. Inexpensive manufacture 
3. Inexpensive installation and maintenance 
4. Portability 
5. No impedance to traffic 

traffic pick-up element known as a "Trans
verse Placement Detector," was made avail
able for study. 

This unit had several of the desired charae« 
teristics, including sensitivity to transverse 
placement, rugged construction and direct 
electrical contacts. However, on the basis of 
examination of the sample, i t was believed 
that the umt was not sufficiently portable, 
that i t would be expensive to manufacture, 
and that i t would be readily distinguished by 
a driver. Notwithstanding these apparent 
drawbacks, the design served as an excellent 
guide and materially facilitated the subse
quent development program. 
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Figure 1. Design Details of the Segmented TraflBc Tape 

6. Rugged construction for field use 
7. Reliability of performance 
8. Not readily distinguishable by the driver 
9. Weather resistant 
The most practical approach appeared to 

center around the use of some form of the direct 
contact system since neither the pneumatic 
detector nor the photoelectric sjrstem was 
considered to be adaptable to the transverse 
placement measuring requirement. Moreover, 
direct contact sjrstems had been successfully 
used in previous transverse location studies 
i f f ) . Through the cooperation of Mr. 0 . K . 
Normann, Chief, Section of Traffic Opera
tions, U . S. Bureau of Public Roads and 
Chairman, Committee on Highway Capacity, 
Highway Research Board, a sample of such a 

DESIGN DETAILS 

The design details of the unit which was 
developed are shown in Figure 1. Segments of 
blued clock spring steel i-ia. wide, 0.01-in. 
thick and 11-in. long are laced through a con
tinuous spacer of pure gum rubber- iin. wide, 
•it-ia. thick. The lacing is placed against a 
continuous strip of blued clock spring steel, 
}-m. wide, .015-in. thick. A separate electrical 
lead IS attached to each steel s^ment and one 
lead is attached to the continuous bottom 
segment. The bottom steel strip serves as a 
common contact for all of the circuits, while 
the separate top s^ments are the other con
tacts for the individual cuxiuits. The gum 
rubber serves as the spacer separatmg the 
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contacts imtil pressure on the top forces them 
together. 

The lacmg, made up of the top contacts 
and the spacer, and tiie continuous bottom 
contact are bound together by a laminated 
covering made up of three wrappmgs of indus
trial adhesive tape* and six coats of rubber 
cement»Termmal lugs, which are soldered to 
the steel segments, extend outside the wrap
ping thus providing a means for connecting 
the lead wires. The wrapped assembly is re
ferred to as the pick-up element, while the wires 
attached to the lugs are referred to as the 
harness. The whole is referred to as the detect
ing umt. This unit is secured in place on the 
roadway by a cover of mdustrial adhesive tape 
which also serves to protect the unit from the 
abrasive wearing action of traffic. To ensure a 
strong bond between the cover tape and tiie 
roadway, a strip of the latter is brush coated 
with rubber cement immediately precedmg 
the placing of the detecting unit The protec
tive cover and harness are considered expend
able, but the pick-up element is not. However, 
the cost of fabricating the pick-up element, as 
will be demonstrated later, is so low that pos
sibly i t too could be considered expendable. 

When installed on the roadway, the com
plete detecting unit measures 2 m. in width 
and varies in thickness from .010 in at the 
edges to a maximum of ^ in. at the center. 
Accordmgly, on a concrete pavement, the 
driver cannot easily distinguish i t from an 
asphaltic-type expansion joint. 

TEST PROGRAM—FIRST PHASE 

I n order to evaluate the design, a test pro
gram was devised whereby the detecting ele
ment would be subjected to both severe and 
ordinary driving conditions. 

The objective of the first phase of the test 
program was to determine how long an instal
lation would operate under traffic conditions 
without any major malfunction A detecting 
unit 10 ft^ long was installed 75 f t . ahead of a 
traffic signal, this location being selected so 
that the unit would be subjected to accelerat-
mg and decelerating vehicle movements m ad
dition to movements at higher speeds at night 
when the signal was not operating. An electro-

* Industrial Adhesive Tape: Bauer and Black 
No. 214, 2 in width 

•Rubber Cement- "Stabond C - l l l " , The 
Latex Company, Los Angeles, California 

mechanical counter was connected to the unit 
to indicate tiie total number of wheels which 
passed over the detecting umt. No attempt 
was made to evaluate other characteristics of 
the traffic flow at this point. Relative to deter-
nuning if the unit picked up all vehicles pass
ing over i t , the assumption was made that if 
the unit was operating satisfactorily at a given 
time, i t had been operatmg satisfactorily up to 
that time Actually this assumption can be 
criticized although repeated observations indi
cated that all vehicles were being recorded. 

The umt operated satisfactorily for a con-
tmuous penod of 47 A&ys during which tune 
there was a total ramfall of 0.13 in., the man-
mum for one 24 hour period being 0 08 in. A 
total of 555,973 wheels were registered which 
could have represented anjrwhere from 138,000 
to 276,000 vehicles since there would be four 
wheel counts for some vehicles and two for 
others dependmg upon the transverse place
ment of tiie vehicle. There were four broken 
lead connections at the lugs, but there were no 
signs of wear or deterioration in the pick-up 
element which was cut open for study at the 
end of the test period. 

TEST PROGRAM—SECOND PHASE 

There were three objectives m the second 
phase of the testing program, namely; 

1. Observation of the performance of the 
complete segmented element and assembly 
under severe driving conditions. 

2. Determination of the effectiveness of the 
umt as a pick-up element when actuated by a 
vehicle traveling at high speeds. 

3. Determination of any possible hazard in 
the event of physical failure of the umt. 

The site selected for these tests was at the 
City of Santa Monica (California) Mumcipal 
Airport. A non-traffic situation was selected 
because i t was desired to conduct the tests 
under controlled conditions which could not 
be achieved on a public thoroughfare without 
hazard to the test drivers, other drivers, or 
pedestrians 

A ten-segment unit was installed on the test 
course, part of the surface of which was very 
soft asphalt and the reminder bitummous 
concrete Each segment was electrically con
nected to a separate light bulb so that when a 
wheel passed over the segment the specific 
cu-cuit would be closed and that bulb would 
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light. This, of course, served only to indicate 
that the circuit had been closed. 

The first tests made were high, but constant, 
speed tests m which a test car was driven over 
the detecting unit at a speed of 60 mi per hr. 
as mdicated by the speedometer of the vehicle 
The initial test run was made immediately 
after the installation was completed, that is, 
without allowing the rubber cement to set 
Successive passes were made until each seg
ment had been actuated at least four times. 
The detecting unit operated satisfactorily on 
every trial, and there were no signs of wear or 
displacement of the tape 

The second series of tests were conducted 
with the test car being driven over the unit 
under various accelerating and decelerating 
conditions which roughly simulated actuid 
driving conditions. Acceleration and decelera
tion rates were not measured inasmuch as i t 
was believed that these data, although inter
esting, would not contribute enough to the 
performance evaluation of the detecting unit 
to justify the work involved in making such 
measuremente Procedures for the various ac
celeration and deceleration tests were specified 
in order to insure that each segment of 
the detecting unit would be subjected to ap
proximately the same wear. This was done so 
that in the event of a single failure, the seg
ment at which the failure occurred could be 
compared with the other segmente for possible 
delineation of desuable as well as undesirable 
characteristics of the design The conditions of 
the various tests along with the number of 
actuations of each segment under those con
ditions are as follows 

AccekiraJtum from Stop Test (20 actuations of 
each s^ment)—The test car, at complete 
rest 1 f t . from the detecting unit, is fully ac
celerated in first gear. 
Low Acceleratum Test (20 actuations of each 
segment)—^The test car, in second gear, ap
proaches at a speed of 25 mi. per hr. The 
accelerator is fully depressed when the vehicle 
reaches a point 15 f t . in front of the detectmg 
unit. 
High Acceleration Test (6 actuations of each 
segment)—^The test car, in second gear ap
proaches at a speed of 15 mi per hr The 
accelerator is fully depressed when the vehicle 
reaches a point 10 f t in front of the detecting 
unit 

Deceleration Tests (6 actuations of each seg
ment)—The test car approaches the detecting 
unit at a speed of 40 mi. per hr. The brakes 
are firmly applied, but not locked, just as the 
front wheels reach the unit. 

As was the case m the high, but constant, 
speed tests the detecting unit operated satis
factorily on every accelerating and decelerat
ing trial and there were no signs of wear. 

The third series of tests were designed to 
subject the detecting unit to the grinding ac
tion of a wheel slipping on the road surface. 

I n these tests, the test car was at rest with the 
rear wheels almost touching the tape. With 
the engine of the car "racing," the cluteh was 
quickly engaged causing the wheels to spin 
while passing over the detecting unit. Each 
segment was actuated four times under these 
conditions. The detecting unit operated satis-

Flgure 2. The Effect of a Grinding Action 
of a Tire on the Protective Covering 

factorily on each trial, but the protective 
adhesive tape covering was torn where it was 
attached to the soft asphalt surface as shown 
in Figure 2, or was pushed back where i t was 
attached to the bituminous concrete. There 
waS'no apparent damage to either the harness 
or the pick-up element. 

The final series of tests in this phase of the 
testing program were the locked-wheel brak
ing tests in which the test car approached the 
detecting umt at speeds varying from 30 to 
35 mi. per hr. The brakes of the vehicle were 
locked when i t was about 10 f t . in front of the 
unit, all wheels accordingly skiddmg over the 
detecting unit In order to ehminate side 
thrust during skidding, the brakes of the test 
car had been carefully adjusted beforehand. 
Each segment was actuated an average of five 
times in this manner, the operation and ap
pearance of the unit being carefully observed 
after each trial. After the first skidding trial. 
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abrasions were noted on the adhesive tape 
covering and after repeated skids the covering 
was split along the aft edge. This was the en
tire extent of the damage. There were no elec
trical malfunctions and the harness and 
pick-up element showed no apparent damage. 
This was verified by high-speed tests which 
were repeated (two actuations of each seg
ment) at the conclusion of the skidding tests 
and during which all circuits operated satis
factorily. The slide marks at the conclusion of 
the skidding tests are shown in Figure 3. 

At the conclusion of the tests, the pick-up 
element, harness, and almost all of the adhe
sive tape covering were still firmly fixed in 
place on both the asphalt and bituminous 
concrete surfaces. Although there were no 
apparent indications that the bond with the 
pavement was breaking down, the possibility 

Figure 3. Slide Marks at the Conclusion of 
the Skidding Tests 

(Arrow indicates direction of travel) 

oT its breaking at a later time could not, of 
course, be eliminated entirely. However, in 
the light of the severity of the tests, it ap
peared that the bond would be maintained 
under normal traffic conditions almost indefi
nitely. This was interpreted as a desirable 
safety factor in that little hazard can be asso
ciated with an installation that remains firmly 
secured to the road. 

T E S T P R O G R A M — T H I R D P H A S E 

There were four primary objectives in the 
tfiird phase of the test program including: 

1. Observation of the performance of the 
detecting unit under heavy traffic conditions. 

2. Determination of the effect of repeated 
installations of the unit upon its performance. 

3. Observation of the performance of the 
unit under traffic conditions in rainy weather 
(simulated). 

4. Development of techniques for repair
ing the unit without removing it from its in
stalled position on the roadway. 

The site selected for these tests was on the 
south side of Sunset Boulevard adjacent to the 
University Nursery School, Los Angeles, Cali
fornia. 

Two detecting units were installed on the 
test course, the first being made up of a new 
adhesive covering along with the pick-up ele
ment and harness which had been subjected 
to the previously described severe driving 
tests of the second phase of the test program. 
This will be referred to as the "A" unit. The 
other unit was completely new and will be 
referred to as the " B " unit. In order to roughly 
quantify the speed characteristics of the ve
hicles involved, the units were used as the 
detecting elements for the Vehicle Speed Dis
tribution Recorder which was developed by 
the Institute of Transportation and Traffic 
Engineering and reported at the 28th Annual 
Meeting of the Highway Research Board in 
December 1948 (2). 

Fourteen installations of the "A" unit were 
made, each being maintained for approxi
mately three hours either in the morning or 
afternoon. These installations were made at 
one of three adjacent locations so that there 
was no more than one installation on any one 
location within any 24-hr. period. This was 
done to minimize any positive effects of pre
vious installations on the adhesive properties 
of the later installations. The " B " unit served 
as the control for the "A" unit with respect 
to the effect of repeated installations. Although 
the " B " unit should have been installed only 
once, it actually was removed and reinstalled 
a second time to faciUtate the making of sev
eral changes in the electrical circuits. However, 
this additional installation was not consid
ered to have invalidated its use as this control. 

The tests extended over an 11-day period 
with measurements being taken on 9 days. On 
seven of these days the road was dry. During 
the last 2 days of measurements, rainy con
ditions were simulated by directing a stream 
of water from a garden hose on both units. 
The entire area extending approximately 30 
ft. in front of the units was also kept wet with 
the garden hose. 

During the test period, 11,789 vehicles were 
registered and an additional 3000 vehicles 
are estimated as having passed over the de-
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tecting units while the counting equipment 
was not operating. Therefore, a total of ap
proximately 15,000 vehicles passed over the 
two units. 

The mean speed of the vehicles counted was 
34.9 mi. per hr., with the distribution of the 
speeds as shown in Figure 4. Segment counts 
were simultaneously maintained on the "A" 
unit to establish the effectiveness of the design 
in measuring transverse placement while serv
ing also as a detecting element in speed 
measurement. The operation was entirely sat-

Flgure 4. Percent of Eastbound Vehicles 
vs. Speed—Weekday Forenoon and Afternoon 
Traffic—Third Phase of Test Program 

Dates of Test: August 3rd to 11th, 1949 
Test Site: Sunset Blvd., 250 yards East of 
Westwood Blvd. 
Total Vehicles Represented: 11,789 

isfactory, although quantitative results were 
not obtained since the road was 35 ft. wide 
and only a 10-ft. length of the detecting unit 
was used. 

During the simulated rainy weather tests, 
both units operated satisfactorily for 45 min. 
For approximately one-half of this period both 
units were completely submerged. Short cir
cuits between different segments and the 
ground lead began to occur intermittently 
during the next hour, but persisted only for a 
few minutes. After 2 hr. of wetting all seg
ments were shorted. 

The units were left on the site for 16 hr. 
(overnight) during which time no water was 
applied. All segments except one were again 
operating satisfactorily the next morning al
though short circuit resistances ranging from 
10,000 to 500,000 ohms existed. The units were 
subjected to an additional 5 hr. of wetting 
during which the operation became progres
sively worse. At the end of this period, four 
of the ten segments of unit "A" were still 
operating satisfactorily. Unit " B " was inop
erative. Both units were still firmly attached 
to the road which demonstrated the adequacy 
of the bond (Figure 5). Since no attempt was 
made to control the amount of water, setting 
up analogies as to rates of rainfall to which 
the units had been subjected was impossible. 

Figure S. Taking Up a Detecting Unit After 
the Simulated Rainy Weather Tests 

At the conclusion of the tests, the pick-up 
elements of both units were split open for 
examination. A very small amount of rust was 
found inside each. This indicated that the 
elements could have continued to "recover," 
that is, dry out and continue to operate sat
isfactorily. The fact that there was no appre
ciable difference in the amount of rust in the 
two elements was believed to be significant. 
Assuming that the amount of rust present at 
a specific point in the pick-up element is an 
indication of the amount of moisture which 
was present at that point, it follows that the 
amount of moisture which seeped into the 
pick-up elements was approximately the same 
in both units. The "A" unit, however, had 
been installed and re-installed 15 times as 
compared to two for the "B" . The "A" unit 
had also been subjected to the severe grinding 
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and skidding tests while unit "B" was new. 
It can be inferred, therefore, that the severe 
grinding and skidding tests, as well as the 
repeated installations of the "A" unit, appar
ently did not affect the moisture resistant 
properties of this pick-up element. It is as
sumed that the "A" and "B" pick-up elements 
were identical when new, which was the case 
as nearly as could be determined. If the mois
ture resistant properties can be extrapolated 
to be an indication of wear, then the grinding, 
skidding, and repeated installations did not 
noticeably affect the wearing properties of 
the element 

During the entire test period there were a 
total of three breaks among the eleven leads 
which made up the harness of the "A" unit. 
Each of these breaks was repaired without 
taking the unit up by a technique in which the 
protective adhesive cover was cut open at the 
location of the break. After the break was 
spliced, the cover was flattened back over the 
pick-up element and harness assembly, and 
a patch of new tape placed over the old tape 
at that point. The maximum time required 
for a complete repair was ten minutes. 

DISCUSSION OF T H E DESIGN 

The following interestmg design features 
are worthy of note. First, the unit is com
pletely portable weighing approximately 0.1 
lb. per lin. ft. of pick-up element and harness 
for a 40-segment unit. The adhesive tape 
covermg is supplied in compact 60-yd. rolls. 
The pick-up element and harness assembly 
can be easily coiled without harmful effects. 
The cod shown in Figure 6 is 40 ft. long and 
is segmented at 1-ft. intervals. 

Another very desirable characteristic of the 
design is the general nature of the transverse 
placement problems which can be readily in
strumented. The lugs are spaced at 1-ft inter
vals and by connecting any number of lugs 
together in any desired arrangement a wide 
range of placement problems can be eflSciently 
attacked. For example, suppose total counts 
in each of two adjacent 10-ft lanes were de-
sued, the five center segments in each lane 
would be jumpered together which would leave 
an mactive length of 2 5 ft. on each side of the 
active portion of the detecting umt. The two 
adjacent inactive sections together would be 
5 ft. long and would minimize the double 
counting of lane straddling vehicles In the 

event that counts of the number of lane 
"straddlers" were desu%d, the appropriate 
connection could also be made. The detecting 
unit can be made sensitive to transverse place
ment from 1-ft. mtervals up to full lane widths 
over a multi-lane highway merely by connect
ing the appropriate harness to the same 
pick-up element Actually, one harness can be 
used for the same variety of applications by 
making the necessary jumper connections at 
the instrument end. However, it is desirable to 
have a minimum number of wires stretched 
across the road even though they are relatively 
well protected by the adhesive tape covering. 

The water resistant properties of the unit 
tested were not up to the standard desired, 
although there were indications that under 

Figure 6. Forty Foot Length of Pick-up 
Element and Harness Segmented at One Foot 
Intervals and a Sixty Yard Roll of the Protec
tive Adhesive Tape Covering 

actual weather conditions the performance 
might be better. The covering of the pick-up 
element which was tested was laminated of 
adhesive tape and rubber cement Smce the 
time of that test, a dipped rubber cover over 
the pick-up element in place of the lammated 
wrapping has been developed A specimen 
pick-up element of this type was soaked m a 
barrel of water for two weeks at the end of 
which high resistance short circuits, 15,000 
ohms mmimum, had developed. These were 
not considered excessive since the element was 
still completely operative It is beheved that 
the weather resistant properties will be bet
tered. 

An important consideration in the design 
of any instrumentation is the cost involved in 
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Figure 7. Installation Procedure: Applying 
Rubber Cement to Roadway Immediately Pre
ceding the Placing of the Detecting Unit 

H i 

Figure 8. Installation Procedure: Locating 
the Detecting Unit for Speed Measurements 

n 
Figure 9. Installation Procedure: Applying 

the Protective Adhesive Tape Covering Over 
the Detecting Unit 

both manufacture and use. Designs can be di
rected toward precision and top quality mate
rials in order to lengthen the effective Ufe or 
they can be directed toward low cost and com
plete expendability. The design under discus
sion was developed with the latter objective 
in mind, namely toward inexpensive manufac
ture and expendabihty. However, as demon
strated in the testing program, the inexpensive 
materials used were entirely satisfactory so 
that in all probability very little would have 
been gained by using more costly materials. 
The following breakdown is an estimate of 
the unit cost of a 1-ft. length including labor 
and material: 

Deiecling Unit 
Pick-up element $.52 
Harness 04 

Protective Cover 02 
Installation 02 

$.60 

The above estimates are beUeved to be con
servative inasmuch as the design lends itself 
to mass production techniques, while the cost 
picture set forth is based on the manufacture 
of a single 40-ft. length. 

One of the factors in the design of a detect
ing unit with which the traffic engineer is con
cerned is the time required to complete an 
installation imder traffic conditions. The time 
must be a minimum, not only to minimize 
traffic delay but, of even greater importance, 
to minimize the exposure to danger of person
nel making the installation. Repeated meas
urements indicated that a 35-ft. unit could 
be installed by one man in 7 min. and that 
traffic could move over the unit immediately 
after the installation was completed. I t is 
believed that this time compares favorably 
with the time required for installing any de
tecting unit which is attached to the road. 
Installation procedures are shown in Figures 
7, 8, 9. 

CONCLUSIONS 

This new type of segmented element is an 
effective, practical device for detecting ve
hicular traffic. I t is entirely portable, positive 
in action and can be inexpensively manufac
tured. I t is particularly well adapted to a wide 
variety of transverse placement studies in ad
dition to usual speed, volume and other traffic 
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studies which require comprehensive data on 
vehicular movements. It is not necessarily 
the solution for all vehicle detecting problems 
since there are situations where such a unit 
should not be used. For example, there would, 
certainly be little point in using such a umt to 
perform functions which could just as easily 
be performed by a pneumatic tape. On the 
other hand, the unit could hardly be consid
ered as more than a temporary substitute for 
any permanent mstallation, although the basic 
principle of operation could be used for the 
design of a permanent installation. Each of 
the various detectmg systems has specific 
uses for which it is best smted and it is the 
responsibility of the traffic engmeer to select 
the system most appropriate for the particular 
measurement involved. 
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