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®THIS paper describes a high-capacity rolling load testing machine and the results of
tests performed with it over the last three years at West Virginia University. The
testing machine is being used for the evaluation of base-course materials in a simu-
lated highway.

Considerable economy in road and highway construction could be realized in West
Virginia if some construction method were devised that would utilize the state's abun-
dant and well-distributed supply of sandstone. The best evaluation would come from
highways constructed of such materials—an evaluation expensive in both time and
money. A properly designed rolling load testing machine, along with a carefully planned
testing program, might reduce the cost in both aspects. Opinion as to the usefulness
of rolling load machines or test tracks over the past several years has been di-
vided. One machine has been abandoned while another very large machine has been
constructed recently at Washington State University (1 to 12) Circular tracks are in
use at the University of Illinois and at the American Oil Company in Whiting, Indiana.

MACHINE DESCRIPTION

The basic design considerations were: (a) a large, constant load was to be applied
by a single truck tire; (b) field thickness for surface and base layers was to be main-
tained; (c) sufficient soil to duplicate elastic and plastic effects found in the field was
to be employed; and (d) a specimen of sufficient size to reduce the lateral confining
stresses to a level believed to exist in an actual highway was to be used.

The machine (Fig. 1) was designed for a 20, 000-1b load on a single wheel. The
heaviest load applied to date has been 14, 000 1b on an 11.00 X 20, 12-ply truck tire at
100-psi inflation pressure, which was found to be more than sufficient for most ma-
terials tested. The minimum load that can be applied to a specimen is 2750 lb—the
dead weight of the fluid-filled tire, wheel, and other load application components.
Readout of the wheel load is by means of electrical resistance strain gages and can be
monitored at intervals or continuously as conditions dictate. Load variation as the
wheel assumes different positions is within 5 percent of the average load. The loading
devices, heavy coil springs and tension rods are shown in Figure 2.

Rate of loading is constant at 40 load repetitions per minute, 2400 per hour and ap-
proximately 50, 000 per day. The distance of the tire's reciprocating travel is 24 in.,
center to center, which results in a rolled-over surface approximately 42 in. in length
at a wheel load of 11, 500 1Ib. The 20~-rpm, 12-in., crank arm is shown in Figure 2.
The entire cell travels laterally at a slow rate, driven by a small motor, reducing
gear, sprockets, and lead screws. The tire contact width is 8 in. and lateral cell
motion, while adjustable, is usually set so that the rolled-over width is 12 to 24 in.

The dynamic and residual deformations of the various interfaces between layers
are monitored throughout the test by means of linear variable differential transformers
mounted inside telescoping pipe structures and placed in the center of the specimen.
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Figure 1. Rolling load testing machine, front view.
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Figure 2. Close view of tire, load tension rods, heavy coil springs (top center) and crank arm.

= ;‘T-f"t_ -nx gl




107

Readout of these devices is a vacuum-tube voltmeter which is shown in the control cab-
inet in Figure 3. This figure also shows the heavy drive motor-gear reducer unit and
the hydraulic pump used in adjusting the load.

A feature of the machine, which has not yet been employed, is an extension of the
load axle to which a braking action component can be added. The primary drive unit
was overdesigned to provide sufficient power for large braking energy.

The roadway specimen employed is approximately 5% ft long, 4%, ft wide and 3 ft
deep. The confining effect of container sides has always been of serious concern, It
has been found, however, that the lateral pressure of the cell walls was below that cal-
culated from curves by Foster and Ahlvin (13). This calculation is based on a uniform
material (soil), whereas the paving components are much stiffer than soil. The verti-
cal deflection due to a wheel load is estimated to be 86 percent of the value it would be
if the specimen were infinitely deep instead of 3 ft. Because of these comparisons, it
is felt that the initial design requirements of minimum confinement and field-condition

soil action have been satisfied.

CONSTRUCTION AND TESTING METHODS

A typical specimen consists of 3 in. of asphaltic-concrete surface, 11 in. of crushed-
sandstone base and 22 in. of A-6(8) soil subbase. This material, along with the con-
tainer of segmented layers and heavy bracing frame, weighs approximately 12, 000 1b.

Materials placed in a test specimen are compacted to a specified density with either
a vibratory or impact device, or both. Soil is placed at optimum moisture and com-
pacted to 100 percent of the AASHO T99 density. Sandstone (or limestone) is placed at
or near its optimum moisture and compacted to 100 percent of its AASHO T99-Method D
dengity. Gradations of the base material have varied from crusher run to specific gra-
dations. All placement and testing were performed at room temperature, 65 to 85 F.

Figure 3. End view of machine showing drive unit and control cabinet.
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Failure of a specimen has been arbitrarily defined as the number of load repetitions
at which a residual surface deformation of 1 in. is present. If the residual asphalt-
base interface deformation is more than 0. 6 of the surface deformation, the failure is
said to occur in the base course or soil. It is believed that the failures in asphalt in
specimens tested to date have been chiefly of the shearing type. Failures in base-
course materials appear to have been a combination of shearing and densification such
as would be found in an actual roadway (14).

The best indication of specimen performance has been through curves generated by
plotting of surface and interface residual deformation with the logarithm of the number
of load repetitions. In general, straight lines have resulted. The dynamic deflection
which occurs during each cycle is also an indication of specimen performance, but the
magnitude of such a deflection and thus the electrical output signal is very small and
rapidly changing and is, therefore, read with much less accuracy.

TEST RESULTS

Testing completed to date using this machine consists of three phases. Phase I
testing was directed primarily at determining the minimum thickness of a poor sand-
stone base that would effectively distribute the load to a poor clay soil typical of that
which underlies most West Virginia highways. The base material in this phase was a
silica-argillaceous sandstone having a Los Angeles percent wear of approximately 64,
B grading. The material was crusher run and always within State Road Commission
specifications. The crushed sandstone was soaked for 24 hours, then spread for sur-
face drying until a moisture content of 7 percent resulted. It was then weighed and
compacted in 2-in. lifts. The asphalt surface on Phase I specimens consisted of 2-in.
leveling and 1-in. wearing course Type 1. Wheel load was 11, 500 1b at 100-psi infla-
tion pressure with a 24-in. wide path.
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Figure 4. Average residual deflections of the asphalt-base interface of roadway specimens as 11,500~
Ib rolling load was repeatedly applied. Numbers in parentheses are base course thicknesses in inches.
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Testing results are shown in Figure 4. These curves depict the relative deflection
of the asphalt-base interface for the various base thicknesses tested as increasing rep-
lications of load are applied. The asphalt-base interface measurement was chosen be-
cause asphalt failures occurred in some tests. Although surface deflection was the
criterion of failure, an asphalt surface curve in the case of asphalt failure would be
misleading.

In the 14- and 11-in. thick specimens, there was no soil motion evident, indicating
that these thicknesses were well in excess of the desired thickness. The 5- and 7-in.
specimens show considerably lower running times and did exhibit enough soil deforma-
tion to indicate that these thicknesses were not sufficient for suitable load distribution.

The 9~in. base samples performed somewhat better than those of the lesser thick-
ness but considerably fewer repetitions were required than in the 11- and 14-in. sam-
ples. Some soil deflection was evident in the 9 in., but to a small degree. It was felt
that this thickness could then be considered the minimum thickness for the base ma-
terial and gradation used in order to create a suitable load distribution to the soil.

The scatter evident in Figure 5 was of some concern at the completion of Phase I.
After more experience was gained in Phase II, this scatter was attributed to variations
in gradation, even though all gradations were within state specifications. As a result
of these observations, gradation was very closely controlled in later phases.

The Phase II series of tests was an examination of different types of base-course
material. Three types of sandstone, calcareous, silicious, and argillaceous, were
used and separate tests were performed on material having a Los Angeles wear of ap-
proximately 67, 77, and 87 percent (B grading) for each of the types. The following
were held constant throughout this phase: 3 in. of asphaltic surface; 9 in. of base
thickness; 7100-1b load at 80-psi tire inflation; and a 24-in, wide load pattern. The
results of Phase II testing are described by Figures 6 through 12. In these figures,
the deflection curves are concerned with asphalt-base interface deflection as was the
case in the Phase I figures.
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Figure 5. Number of repetitions of 11,500-Ib rolling load before failure of specimens having various
thicknesses of sandstone base course.



110

B T A
N
-

\& S —

10 160 1000
Load Repetitions--Thousands

Residual Deflection
Inches
o
=

o
.
o

Figure 6. Comparative sandstone-asphalt interface residual deflections for the different type sand-
stones, all having a Los Angeles wear of approximately 69 percent.
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Figure 7. Comparative sandstone-asphalt interface residual deflections for the different type sand-
stones, all having a Los Angeles wear of approximately 79 percent.
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Figure 8. Comparative sandstone-asphalt interface residual deflections for the different type sand-
stones, all having a Los Angeles wear of approximately 89 percent.

Figures 6, 7, and 8 are comparative curves for the different types of sandstone hav-
ing the same Los Angeles wear value, In the harder material (Fig. 6), a calcareous
material of 69 percent Los Angeles performed much better than the other two types,
with silicious being second and argillaceous being the poorest, In the high wear range
of 89 percent Los Angeles (Fig. 8), the silicious was far superior to argillaceous. Cal-
careous material is absent from the last figure due to the inability to locate such a ma-
terial, and it is likely that no such material exists naturally.
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Figure 9. Comparative sandstone-asphalt interface residual deflections for calcareous sandstone base.
Numbers in parentheses indicate percent L. A. wear.
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Figure 10. Comparative sandstone-asphalt interface residual deflections for silicious sandstone base.
Numbers in parentheses indicate percent L. A. wear.
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Figure 11. Comparative sandstone~asphalt interface residual deflections for argillaceous sandstone
base. Numbers in parentheses indicate percent L. A. wear,

Figures 9, 10, and 11 compare the action of each type of sandstone with the Los
Angeles wear as the variable. The calcareous curve (Fig. 9) includes a limestone
sample, shown by the 19 percent L. A. wear. The performance of the limestone shown
in this curve is typical of most of the limestone tests performed with this machine. The
limestone, even though much harder, does not perform as well as its hardness would
seem to indicate, yet it undergoes no great amount of degradation. The poor perform-
ance is attributed to densification due to keying in as opposed to degradation.



112

Figures 9 and 10 indicate a definite relationship between the L.A. wear and material
performance. The 90 percent silicious is offset but possesses a much steeper slope
than does the 83 percent and would thus fail earlier. The argillaceous material per-
formed much more poorly than did the other two types, and displayed a scatter in the
performance-L.A. wear relationship.

In practically all testing in Phase II, the specimen failures were in the base. This
was the desired result and justified the load reduction for the phase. The generally
poor performance of the argillaceous base, regardless of its L. A. wear, was a prime
factor in scheduling the third phase of testing.

Phase IO dealt with a poor argillaceous sandstone—L. A. wear approximately 85 per-
cent (B grading)—which was stabilized with various admixtures. The stabilizing ma-
terials and their percentages by weight used were: SS-1 emulsion, 6.5 percent; port-
land cement, 4 percent; and 85-100 penetration asphalt, 5 percent. These amounts
are approximately the median of State Road Commission specification limits. The SS-1
emulsion cured 5 days, uncovered and at room temperature; testing began within 7
days of application. The portiand cement specimens cured 14 days with seal and were
tested within 21 days of base application. The 85-100 penetration asphalt specimens
cured in a minimum of 24 hours and were tested within 5 days. These treated base
courses were tested at thicknesses of 4 and 6 in., with the total base thickness being
held constant at 11 in. The remainder of the base was the same sandstone, untreated,
at optimum moisture and 100 percent of T99 density. All base material in this phase
was sized and mixed according to a straight-line gradation using sieve sizes to the
0. 45 power scale.

This phase was begun using an 11, 500-1b wheel load at 100-psi tire inflation pres-
sure, 3 in. of asphaltic-concrete surface and a 24-in. wide load pattern. Due to much
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Figure 12. Residual deflections of asphalt surface-base interface of roadway specimens as 11,500-1b

rolling load was repeatedly applied. Except for the untreated sandstone, all specimens had 1 in. asphalt

surfacing, 4 in. treated sandstone or untreated limestone base, 7 in. untreated sandstone, and 22 in. A-6
soil. Sandstone L. A. wear was 85 percent.



113

asphalt rutting and some very lengthy test runs (one million load repetitions for a 0.75-
in. surface deflection) the asphalt surface thickness was decreased to 1 in. of wear
course Type 1. The lateral cell travel was reduced to a 12-in. wide load pattern, mak-
ing the test much more severe. The tests performed under the latter conditions cover
all scheduled base configurations and are the only tests discussed in this phase.

Figure 12 shows the comparative performance of the 4-in. treated, 7-in. untreated
bases. Also included is an all-untreated sandstone base 14 in. thick instead of 11 in.
treated and untreated. The improved ability of the treated material to resist load is
clearly indicated.

Performance of the portland cement and hot mix treated specimens was consistently
good. No shrinkage cracks were noted in the cement-treated specimens as they were
dismantled. The deflection curves start after a "rolling in'' period of 1000 repetitions
of load. Considerably greater deflection occurred in the SS-1 treated and in the un-
treated sandstone specimens than in the cement and hot mix treated specimens during
this early period.

Figure 13 shows the curves for the specimens with 6-in. treated base and 5-in. un-
treated base. The 14-in. untreated base is repeated for comparison. Again, the hot
mix specimen performed very well. The SS-1 treated specimens gave poorer perform-
ance in the 6-in, than in the 4-in. thickness. This was attributed to a slower curing
rate in the thicker layer. The poorer performance of the limestone specimens cannot
be accounted for.

No portland cement treated specimen in the 6-in. thickness was constructed in view
of the minimal deflection of the 4-in. specimens.

Throughout this phase, the scatter in results was considerably less than occurred in
Phase I and I testing. It is believed that this scatter reduction can be traced in part
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Figure 13. Residual deflections of asphalt surface-base interface of roadway specimens as 11,500-1b

rolling load was repeatedly applied. Except for the untreated sandstone, all specimens had 1in. asphalt

surfacing, 6 in. treated sandstone or untreated limestone base, 5 in, untreated sandstone, and 22 in. A-6
soil. Sandstone L. A. wear was 85 percent.
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to the closer control of gradation of the base courses. Even though this control created
immense screening and material handling problems (a specimen required approximately
3000 1b of stone), the results justify the increase in effort.

A fourth phase of testing is presently under way. The primary variable in this phase
is gradation of poor argillaceous sandstone and of limestone, in untreated base courses.

ACKNOWLEDGMENTS

This research is being conducted by West Virginia University in cooperation with the
State Road Commission of West Virginia and the U.S. Bureau of Public Roads.

REFERENCES

1. Broome, D. C., and Please, A, The Use of Mechanical Tests in the Design of
Bituminous Road Surfacing Mixtures. Jour. Appl. Chem., Vol. 8, p. 121,
1958.

2. Csanyi, L. H., and Fung, H. Traffic Simulator for Checking Mix Behavior.
Highway Research Record 51, pp. 57-67, 1964.

3. Ekse, Martin. On the Right Track., Asphalt Institute Quarterly, Vol. 13, No. 4,
pp. 7-9, Oct. 1961.

4, Fast Track at University of Illinois Tests Highway Building Materials. Builder,
Vol. 38, No. 3, p. 16, March 1966.

5. Goldbeck, A. T., Gray, J. E., and Ludlow, L. L., Jr. ASTM Proc., Vol. 34,
Pt. 2, 1934,

6. Housel, W. S. Discussion of Laboratory Test for Pavement Materials. ASTM
Proc., Vol. 34, Pt. 2, p. 631, 1934,

7. Lin, P. C. Determination of Gravel Equivalent. Trend in Engineering, Vol. 13,
No. 4, p. 25, Oct. 1961,

8. Mack, Charles. Study of Bituminous Mixtures on Road Testing Machines. Soc.
Chem. Ind. Jour., Trans. Vol. 60, pp. 111-120, 1941,

9. Mathews, D. H., and Colwill, D. M. The Immersion Wheel Tracking Test.
Jour. Appl. Chem., Vol. 12, No. 11, pp. 510-520, 1962,

10. Speer, T. L. Progress Report on Laboratory Traffic Tests of Miniature Bitumi-
nous Highways. Proc. AAPT, Vol. 29, pp. 316-361, 1960,

11, sSt. Clair, G. P., Editor. A Laboratory Traffic Test for Low Cost Road Types.
Public Roads, Vol. 14, No. 11, p. 219, Jan. 1934.

12, Willis, E. A., and Carpenter, C. A. Studies of Water-Retentive Chemicals as
Admixtures with Nonplastic Road Building Materials. Public Roads, Vol. 20,
No. 9, Nov. 1939.

13. Foster, C. R., and Ahlvin, R. E. Stresses and Deflections Induced by a Uniform
Circular Load. HRB Proc., Vol. 33, pp. 467-474, 1954,

14, Yoder, E. J. Principles of Pavement Design. John Wiley and Sons, N. Y., p. 21,
1959,





