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ABRIDGMENT

eTHE NEED for a dependable method of weighing the axle loads of moving vehicles has
long been recognized by those agencies and individuals concerned with the planning and
ope1at10n of the lughway system In the past 15 yr many researchers in the United

stallations of dynamw weighing devices with varying degrees of success (7 8, 9, 10,
11).

The paper describes the construction, installation, testing and performanceanalysis
of three types of dynamic electronic highway scales: (a) the Taller-Cooper, a com-
mercially developed four-load cell scale; (b) the broken bridge, an adaptation of a
German prototype employing two load cells (16, 21); and (c) the beam-type scale (12,
19), an experimental scale with a pair of mstrumented aluminum beams as the wexght
sensors., The research was done by the Department of Civil Engineering of the Uni-
versity of Kentucky in cooperation with the Kentucky Department of Highways and the
U. S. Bureau of Public Roads (23). The project was started in 1960 for the purpose of
determining the best mechanical configuration for a scale which would perform the
dynamic axle weighing function in an overall data-gathering system.

The testing program was carried out by installing the Taller-Cooper and broken
bridge scales in the approach ramp to a truck weighing station on I-64, The program
was divided into two phases., The first consisted of a series of runs across the scales
with a truck of known axle weights, varying the speed and the amount and method of
vertical stabilization (preload). The second series utilized trucks diverted from the
I-64 traffic stream; speed was not controlled, but the preloading variables were again
introduced. Static weights of the axles of each diverted vehicle were obtained at the
weight station., A similar program was conducted for the beam-type scale,

In analyzing the test data, the basis of comparison was the deviation of the dynamic
axle weight as measured by each scale from the known static weight. The character-
istic output waveforms obtained from the weight measurements by each of the scales
were also compared. Because of differing mechanical configurations and methods of
mounting the transducers, each scale produced a distinct output waveform for the same
applied load.

Some specific conclusions were reached from the study:

1. The deviations of dynamic axle weights from static weights over a range of cross-
ing speeds follow a pattern for a given set of approach and site conditions.

2. The addition of preload to the scale platform does not, in general, reduce the
differences between the recorded dynamic and static axle weights, but it does stabilize
the weighing system and tends to increase the consistency of the linear relationship be-
tween the dynamic weights and the corresponding static weights.

3. Heavy coil springs are more satisfactory than stiff rods and turnbuckles for
applying preload to the scale platforms because they do not reduce the sensitivity of the
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recording system (20) and their greater resilience reduces the efféct of temperature
changes on the preloading mechanism,

4. Under zero preload, the broken bridge scale is more sensitive to high crossing
speeds than the Taller-Cooper scale, The addition of a heavy preload is more effective
in stabilizing the output of the Taller-Cooper scale than it is for the broken bridge scale,

5. Limited tests of the beam-type scale show it to be a feasible weighing system
comparable in performance to the other two scales.,

6. Any of the three scale types will do a creditable job of detecting overloaded ve-
hicles.

7. Simultaneous measurement of the dynamic axle weights of a test vehicle by axle
housing strain, accelerometer and the electronic scales showed that, within the limits
of the probable chart reading error, the output of the scale indicates the actual applied
load and that any of the three methods will, if properly calibrated, yield a true measure
of the dynamic axle weight. This finding confirmed the results of previous research (6).

8. For an individual axle the dynamic weight measurement is equal to the static only
in isolated and unpredictable instances. However, if its characteristic behavior is
known, any one of the scales can be used to obtain a reasonably accurate estimate of
the gross static tonnage passing over a section of highway during a given period of time.

9. The choice of a particular type of scale for an electronic in-motion weighing sys-
tem will be determined by the ultimate form of the recorded weight measurements, and
by the use to be made of the measurements (22),

10, The nectual loads applied to the highway pavement by the wheels of a moving truck
vary from the static weights over a wide range; therefore, dynamic axle weights ralhier
than static should be considered in establishing pavement design criteria.

Future research in the field of dynamic weighing should include:

1. The development of a portable scale designed to be installed in the pavement at
previously prepared locations in the state and Federal highway systems where the axle
load characteristics of the traffic are desired;

2. A feasiblity study of Lhe use of the dynamic scale to measure speed, volume and
axle gpacing in addition to axle weight;

3. The installation of an electronic scale in the approach to an enforcement weighing
installation to test the practicality and desirability of culling out lightly loaded trucks
from those required Lo stop for static weighing;

4, A study of a very large sample of dynamic weight recordings to determine the
feasibility of derivingapproximate static weights by a slatistical consideration of the
effects of specific approach conditions, crossing speeds, axle location, scale type and
preload; and

5. Studies of the ranges of variation in the amplitude and oscillating frequency of
the in-motion axle weights of trucks commonly used including consideration of vehicular
variables such as body type, suspension systems, loading, and environmental factors
such as temperature, wind velocity vectors, and driver habits,
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