
• HIGHWAY RESEARCH 

Number 86 

Subject Classification 
Highway Research (General) 

Department of Traffic and Operations 

COMMITTEE ACTIVITY 

November 1968 

Special Committee No. 3 
Electronic Research in the Highway Field 

INSTRUMENTATION NEEDS 

Summary Report 

HIGHWAY RESEARCH BOARD 
NATIONAL RESEARCH COUNCIL NATIONAL ACADEMY OF SCIENCES - NATIONAL ACADEMY OF ENGINEERING 

2101 CONSTITUTION AVENUE, N.W. WASHINGTON, D.C. 20418 



- 2 -

Table of Contents 

page 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Properties of Layered Structures.................. 3 
Lateral Placement of Traffic...................... 3 
Short Range Telemetry............................. 4 
Surveying Flood Scour . • . • . . • . . • . . • . . . . . • . . • . . • . • . . 4 
Pavement Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Asphalt Oxidation . . . • • • . . . • • • • • • . . • • • • • . • • • • • • . • • • 5 
Pile Bearing Capacity............................. 5 
Position and Condition of Reinforcing Steel..... .. 5 
Automatic Vehicle Identification.................. 5 
Bituminous Hot-Mixing Thoroughness ......••..•..... 6 
Soil Strain or Pressure........................... 6 
Voids Under PCC Paving............................ 7 
Contour and Roughness............................. 7 
Subsurface Water Flow............................. 7 
Corrosion Conditions Survey....................... 8 
Freeze-and-Thaw Resistance........................ 8 
Soundness of Wood . • . . . . . • . . . . . . . . • • . . • . . . . • • . • . • . . 8 
Salt Content of Stabilized Soil................... 8 

List of Conuni ttee Members . • • • . . . • • • . . . . . • • • . . • • • • • • • . . • 9 



- 3 -

INTRODUCTION 

In June 1965, the Special Committee for Electronic Research in the 
Highway Field, (SC-3), undertook to determine what pressing instrumen
tation problems were hindering highway research or degrading optimum 
operation of the highway system. A questionnaire was developed for the 
purpose of collecting this information, and it was widely circulated 
among highway researchers, administrators, and educators. Although 
the Committee had expected to publish a compilation of instrument spec
ifications, the type and small number of responses make the following 
summary more practical. The compilation will be undertaken later if 
the full quantity of information needed becomes available. In the 
meantime, academic and industrial development organizations may well 
benefit from this circulation of the information that has been garnered 
by the Committee. 

Properties of Layered Structures 

There is no satisfactory instrumental means of rating the equiva
lence of various construction methods. The majority of users' opinions 
favors some sort of mechanical impedance measurement. It is felt by 
some that the information desired can be recovered from the mechanical 
driving point impedance as a (complex) function of frequency. 

No specifications are at hand for the frequency response measure
ments proposed. The proponents of "static" loading suggest a sensitiv
ity of 0.0001 inch in pavement deflection over a range of zero to one 
half inch. The loading technique should produce a mathematically simple 
description of the exciting function, so that the complex-frequency im
pedance can be readily extracted from the time-domain record. 

This description is a composite of replies by the Indiana and 
Michigan Highway Departments and of suggestions by HRB Committee SGF-Bl, 
(Strength and Deformation Characteristics of Pavement Sections). The 
market is clearly limited for this specific application, but an economi
cal and effective mechanical impedance measuring set would be attractive 
in many other fields. 

Lateral Placement of Traffic 

The distribution of normal traffic across a road is an important 
datum for researchers. Apparatus is needed which can be applied at any 
point {not, for example, just on available overhead structures) and 
cover a twelve foot lane with a resolution of 0.25 inch (at least in 
the normal wheel tracks) and an accuracy of ±o.5 inch. It should work 
for 80 mph vehicles, and if placed on the road surface should be immune 
to braking or skidding forces, or else it should be very cheap and easy 
to replace. 
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As a survey instrument, the equipment should be readily portable 
and require minimum site preparation. Daily calibration would be ac
ceptable. Fixed installations may, of course, be more elaborate, but 
their recalibration interval must be much longer. 

Interest in this device was expressed by the Illinois and Indiana 
Highway Departments. The potential market has not been determined, how
ever. 

Short Range Telemetry 

A simply radio link 
welcome alternate to use 
telemetering equipment. 
500 feet with 0 - 500 Hz 

for short range data communication would be a 
or either a simple induction loop or full-scale 
Accuracy of~ 5 percent over distances up to 
response would be adequate. 

Equipment should run on 12 volts d.c. and might weigh up to 50 
pounds per four-channel terminal. 

Michigan State Highway Department, the questionnaire respondent, 
estimated 50 - 200 such links would be salable at $7500 per four chan
nels. 

Surveying Flood Scour 

Design of bridge piers for flood flows requires data on material 
removal experienced around real structures in real streams. The data 
must be gathered during the event, for stream bottom conditions change 
markedly with different flows. 

An acceptable method should take a reading in a few seconds with 
a resolution of 0.2 feet over a range of 0 - 100 feet. A repeatability 
of± 0.5 feet is adequate. If scattering by suspended material and re
fraction by density gradients can be controlled, sonic methods seem 
possible. Then the angle of beam divergence becomes important. The 
area of echoing surface is unspecified by the HRB Committee on Surface 
Drainage in suggesting a small-boat fathometer with a better display, 
since the divergence of that instrument is unknown. A modification of 
a standard device is almost mandatory for such a small market. 

Pavement Thickness 

To measure performance of paving contractors, a better method than 
taking core samples is desired. A sonic or nuclear device might be de
veloped to indicate pavement thickness in a range of 0 - 12 inches with 
a sensitivity of 0.050 inches and a one percent accuracy. 

The device should be portable, preferably by one man and provide 
a reading in ten to fifteen seconds. An interesting variation for a 
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nuclear device would be an indication in several steps: an immediate, 
less accurate reading followed by several progressively more accurate 
readings as the counts accumulate. The display should in any case be a 
direct reading of pavement thickness. 

If power is supplied by batteries, they should be adequate for at 
least four hours of qontinuous operation. 

Respondents from the Indiana and Pennsylvania Highway Departments 
mentioned this as a need. It is obviously applicable as a research tool 
as well, and the contractor market might make it possible for it to be 
developed. A few thousand units might be the market saturation. 

Asphalt Oxidation 

Research correlation of the degree of asphalt oxidation with ser
vice performance requires a nondestructive alternate to performing pen
etration tests on samples removed from pavements. 

Pile Bearing Capacity 

Both research and construction would benefit from some inferential 
method as an alt~rnate to test piles for determining bearing c~pacity. 
HRB Committee MC-C4, Construction Practices Structures, points out that 
this requirement is especially critical for piles-driven by unconven
tional means. 

Position and Condition of Reinforcing Steel 

Appraising serviceability of reinforced concrete should include an 
estimate of the situation and condition of the steel reinforcement, down 
to 24 gauge wire. An eddy current or sonic means which could detect a 
20 percent reduction in area would cover most of the requirements. The 
device must be portable by one man and must be able to be operated in 
awkward spots. The scanning rate must match the maximum speed (up to 
four feet per second) a man is likely to sweep the head or sens:>r. 

Neither source or estimated market we're indicated in HRB Research 
Needs. 

Automatic Vehicle Identification 

To expedite traffic at the toll booths of bridges, turnpikes, and 
parking lots, some means is needed to identify automatically the vehi
cles of regular users and permit them to flow through with minimum im
pedance. Present methods depend on an attendant to recognize a permit 
or sticker. It helps move traffic, but economically it would be about 
as efficient to collect the fees on the spot and eliminate bookkeeping. 
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Any safe and effective means of recognizing individual vehicles 
at road speeds up to 50 mph would be acceptable, but it must have some 
provision for handling vehicles of strangers, and any marks applied must 
obviously not be objectionably conspicuous. 

An average information capacity of 1000 bits/second will be needed 
with error detection capability as a minimum requirement to avoid all 
false identifications. 

The operating environment will be generally good, with a permanent 
site and sheltered enclosure. Although unattended operation is neces
sary to realize the full economic potential, regular attention by qual
ified service men can be expected. 

The market for such equipment is estimated being needed to handle 
over 10,000 lanes. Increased service capacity would be equivalent to 
expanded physical facilities, with the safety benefit of smaller speed 
changes in traffic. 

This suggestion was originally received from F. A. Wallace of 
Cooper Union. The statement has been expanded by the conunittee and is 
included because systems developed for the primary mission could be of 
great value in research applications. The method of sensing adopted 
will depend sensitively on an administrative decision to equip vehicles 
to use the system or to attempt to read license plates automatically. 

Bituminous Hot-Mixing Thoroughness 

To take advantage of better mixers, some rapid means of determin
ing the efficiency of mixing is desired by HRB Committee MC-C2 (Con
struction Practices Flexible Pavement). Mixing by time is now pre
scribed, and that must include a considerable ignorance factor. A lab
oratory or field device for rating the mixing of samples would permit 
adjustment of individual machines for current conditions. A small mar
ket (under 100 units) is estimated. 

Soil Strain or Pressure 

Lower cost load cells or some nondestructive method is needed to 
gather research data economically on strain and pressure in soils or 
pavement base courses. 

A sensitivity of one psi from zero to 100 psi, with full scale re
sponse in 0.1 second would cover most applications. Since the sensor 
must be directly buried, it is normally out of reach for maintenance or 
recal i bration. A long term stability of± 2 psi is therefore required. 

This need was expressed by Indiana, Maine, Michigan, and Oregon 
Highway Departments and HRB Conunittees SGF-Bl (Strength and Deformation 
Characteristics of Pavement Sections), SGF-B3 (Foundations of Bridges 
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and Other Structures), and SGF-BS (Mechanics of Earth Masses and Layered 
Systems). 

Voids Under PCC Paving 

As a research datum and to initiate corrective action, detection 
of voids as small as 0.25 inch deep under portland cement concrete pav
ing is desired. 

A truck mounted instrument capable of covering one lane at travel 
speeds up to 30 mph is ideal. If hand-carried for spot measurement, 
the instrument should weigh less than 20 pounds, according to Illinois 
Department of Highways, the questionnaire respondent. 

Contour and Roughness 

Riding quality and pavement serviceability is most directly con
nected with roughness. Recent developments in roughness measurement 
appear to have generated more requirements. 

In general, a self-propelled or trailer-mounted equipment operat
ing at traffic speeds is desired, with capability to measure wavelengths 
to 500 feet and sensitivity to amplitudes of 0.25 inches. 

The market was estimated at a few hundred of the basic instrument, 
although many variations were suggested. Those suggesting were: 

Oregon State Highway Department (for bridges), the South Dakota 
Department of Highways and HRB committees: M-7 (Maintenance of Bitumi
nous Pavements), D-B4(4) (Surface Properties - Vehicle Interaction: 
Roughness Subcommittee), (which wants a ground-effect air cushion vehi
cle), D-B5 (Pavement Condition Evaluation), and MC-Cl (Construction 
Practices Rigid Pavement). (They would include tests on plastic con
crete and rectification of measured roughness.) 

Subsurface Water Flow 

Tracing the movement of underground water is very helpful in anti
cipating saturation and icing. The water speed range of interest lies 
between 0.05 and 20 feet per hour. No means is presently available~ 
radioisotope injection is suggested. 

Several isotope selections must be available to measure slow flows 
without losing control of hot material in fast flows. Portability of 
the equipment is paramount, and the competence of operators can be as
sumed more safely than can the quality of maintenance. Since tracer 
methods are likely to use standard equipment, the new market this use 
represents is almost impossible to assess. 

The requester was not identified in HRB Research Needs for 1966. 
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Corrosion Conditions Survey 

To detect trouble spots along proposed routes, some method of pre
dicting the severity of corrosion at a site is needed. The instrumen
tation would obviously have to be portable, but its operator should be 
skilled in its use and maintenance. 

A few hundred of this device could be sold. HRB Committee SGF-B3, 
(Foundations of Bridges and Other Structures), suggests that corrosion 
factors should be regular items of a route survey at all points requir
ing piling. 

Freeze-and-Thaw Resistance 

Rating the resistance of aggregates to cyclic freezing to predict 
performance in concrete is presently done with the sulfate soundness 
test or one of its alternates, the California Durability Index or the 
Iowa Water-Alcohol Test (HRB Bulletin 201). Some other, more convenient 
test is desired by HRB Committee MC-Dl, Mineral Aggregates, for use by 
an operator with minimum training. It should be suitable for laboratory 
or field use, and its accuracy should be independent of operator judg
ment or maintenance. 

Many hundreds of such devices would be salable, primarily to con
struction firms. 

Soundness of Wood 

There is no nondestructive method accepted for determining the ser
viceability of wooden structures. Sonic, electrical, or nuclear prin
ciples used elsewhere should be applicable, but the correlation of in
strumental data with tested structural integrity has not been developed. 

The originating committee was not indicated in HRB Research Needs 
for 1966. 

Salt Content of Stabilized Soil 

Spotting maintenance requirements in stabilized soil is now done 
by sampling methods. A cheap and rugged instrument, based on the elec
trical conductivity method described in HRB Bulletin 349, "Physico
Chemical Phenomena in Soils," could be sold in large numbers for both 
research and maintenance, according to HRB Committee SGF-A3 (Soil-Sodium 
Chloride Stabilization). 
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