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INTRODUCTION

OBJECTIVE

The U. S. Army Transportation Research Command is engaged in a program to determine the
feasibility of performing vehicular scale-model tests in natural

terrains to predict the off-road
performance of full-scale vehicles in all types of di

such as snow, sand,
marsh, muskeg, and clay soils, This report describes the =stigation of full-size vehicle and

scale-model performances in clay-type soils. The investigation included 2 dimensional analysis of
soil and vehicle parameters that could function as significant factors in the correlation between

model and full-size vehicle performance. The similitude theorem was empl

totype and model performance data,
TEST COURSES
Test courses were prepared in three different types of soils.

High-Cohesion Soil, CH, Silty-Clay

Clay-type soil having a high range of cohesion and "stickiness' or adhesion, located 7 miles west of
San Antonio, adjacent to SwRI, was used for the first series of tests, The surface cover is a thin,
stony soil several inches thick, An area at least 300 feet in length and 200 feet in width underlain
by uniform, slightly sandy, fat black clay 4 feet or more thick was used for this investigation.
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FIGURE 1. APPEARANCE OF THE TEST SITE SOILS

The material is a soil classified under Group Symbol CH, being a barely sandy, fat clay. The sur-
face is mapped as Montell clay by the U, S. Soil Conservation Service, Liquid and plastic limits of
this soil and the other two soils are shown in Figure 3, and grain sizes are shown in Figure 2 as
defined by dry sieve and the hydrometer method. Figure 1, using particles of each type smaller
than No. 20 mesh screen, illustrates the appearance of each soil.

Removal of a thin cover of oats, Johnson grass, and 2 to 3 inches of stony top soil was the first
step in preparing this first site as a test course.

























FIGURE 4. PROTOTYPE MARSH BUGGY AND FIGURE 5 LOGISTICAL CARGO CARRIER

MARSH BUGGY MODEL WITH DYNAMOMETER MODEL, 3/4-TON TRUCK AND MARSH
VEHICLE (TERRAPIN) SOIL CH BUGGY WITH SANDMASTER TIRES
4, Logistical Cargo Carrier Model (L.C,C. Model) Figure 5

4 X 4 wheel drive
1000 -pound weight, min‘mum

Differential locked (for test)

I'read - 35.6 i
Wheel base - 75.0 in
lires 29.9 in, X 12 in,, 1/4-in. tread depth

Crosley engine mounted on model

Hydraulic steering

S. I'ruck, Cargo 3/4-Ton, M-37 (Truck, 3/4-Ton) Figure 5

4 X 4 wheel drive

Standard differential

Weight - 6290 pounds

lires - 9,00 X 16, 5/8-in. tread
F'read - 62 in,

Wheel base - 112 in,

Dodge gasoline engine

SUPPORT VEHICLES AND EQUIPMENT

1. 1-1/2-ton cargo truck with 1200-gallon water tank and portable pump

I'wo trailers, Z-wheel, with 500-gallon water tanks
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CL FOR VEHICLE TEST ON TIRE SINKAGE, SOIL CL
PR T il —Tin 2]

AVERAGE TOWDUE REGURLD FOR
© SEC BOTATION OF VANLD PLATE

W —

! ./:/::\ N7 g i"’
i X X ’El‘*
% ’»" \ \ &1
= wt . v\ \ ‘1 »
i L3 (Y
,nll \ "‘\ 1’0
Ol(a‘—" o I 2 B Le

g 20 «©
 MOISTURE CONTENT, %

FIGURE 24. EFFECT OF SOIL MOISTURE CONTENT ON COHESION
(VANED ROTARY PLATE) IN SOIL CL

SOIL CL-ML - LOW-COHESION SANDY-CLAY

This soil was a difficult medium to employ for correlation purposes. The narrowness of the plas-
ticity index placed an extreme premium on the homogeneity of water distribution throughout the test
course. Figures 25 and 26, slip ratios of 30 percent and 70 percent, respectively, illustrate the
steep slopes of the D/W and {,, curves at or near the liguid limit. As in previous soils, the 2

curve shows good correlation with the Marsh Buggy D/W curve at this 30-percent slip ratio, but the
peak of the Marsh Buggy curve is displaced toward a lower moisture content level at the higher slip
ratio. Reasonably good correlation is obtained between the model and prototype at both slip ratios,
but the peak D/W value for the model tends to be displaced toward an 8 to 10 percent lower moisture
content level than the prototype. The maximum D/W values show good agreement, although the
prototype shows slightly higher D/W values for both slip ratios, a reversal from the CH soil. The
sinkage for the various vehicle configurations is shown in Figure 27. As in the cther soils, the
sinkage response parameter, Z]/dy, follows the same curve shapes with minimum values and slopes
in good agreement; however, the model sinkages must be divided by a correction factor to bring

the Z/dy values into reasonable agreement, Again it appears that Z 5 = kKo Zm - Unlike the Z/dy
values in the CL soil, the 50-percent overload on the Marsh Buggy significantly increases the
sinkage.

The 3/4-ton M-37 had the highest Z/dy values as well as the highest ground-pressure loading

values. Figure 28 illustrates the sinkage of the M-37 when it became immobilized at a moisture
content close to the liguid limit of this soil.

The approximate ground pressures of each vehicle are shown in Figure 29 for 70-percent slip. The
full-scale vehicles indicate a trend of higher sinkage for higher unit ground pressures, but the
models show disproportionately higher Z/d,, sinkage values., Referring to Figure 26, it is possible
to see that the D/W values for these vehicles in the moisture range shown for Figure 29 are rela-
tively close and do not reveal the wide spread of values shown by the Z/d, sinkage parameter,
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FIGURE 25, CORRELATION BETWEEN DRAWBAR PULL
AND SOIL FRICTION, LOW SLIP, SOIL CL-ML
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FIGURE 26, CORRELATION BETWEEN
DRAWBAR PULL AND SOIL FRICTION
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FIGURE 27. EFFECT OF SOIL MOISTURE
ON TIRE SINKAGE, SOIL CL-ML
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FIGURE 28, THE SINKAGE OF 3/4-TON TRUCK IN SOIL CL-ML
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FIGURE 29, EFFECT OF TIRE GROUND
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FIGURE 30, RELATIVE SIZES OF
TEST TIRES






COMPARISON OF CH, CL, and CL-ML SOILS

The steepness of the D/W a:
by Figure 34, which shows the

urves in all three soils near

juid limit can be explained

sotls, It is significant that

determ itions of

the slopes of the f, and D/W curves versus moisture content for ven vehicle at or aear the

liquid limit in one of these soils show the same relative sensitivity to moisture content as demon-

strated by Figure 34

One of the parameters to be studied in this investigation was the effect of vehicle gross weight on
L/W. Figure 35 demonstrates that in two of the soils studied, that vehicle weight does not have an
appreciable effect on D/W. In the CL soil, the sinkage was relatively unaffected by gross weight;
however, in the CL-ML soil, the sinkage increased noticeably for a 50-percent increase in gross
weight, The scatter of data points at the 20- and 25-percent moisture content curves for the CL-
ML soil can possibly be explained by the extreme sensitivity of this soil to moisture content at this
level because these values are on either side of the liquid limit, A larger sampling cross section
at these moisture content levels at the mid-range gross weight will possibly raise this point to
"flatten out'" this D/W curve,
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FIGURE 34, LIQUID LIMIT DETERMINATIONS FIGURE 35, EFFECT OF GROSS WEIGHT
OF TEST COURSE SOI1.S OF VEHICLE ON DRAWBAR PULL

Figure 36 illustrates the means employed to vary the gross weight of the Marsh Buggy. The frame
of the Marsh Buggy could not resist extra loading; therefore, special valves were constructed to
pump water into the tires to increase the gross weight of the vehicle and still permit control of the
air pressure. Multiples of 55 gallons of water were pumped into each tire to vary the gross weight,
and this was accomplished rapidly and inexpensively at the remote test sites with a minimum of
handling problems..
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FIGURE 36. INCREASING WEIGHT OF FIGURE 37. LOAD-CARRYING CAPACITY
MARSH BUGGY OF TEST SOILS

Figure 37 illustrates the unit loading, o, to sink two plates with diameters of 1,44 inches and
6.0 inches to a value of YP/dp = 1.0 and Zp/dp = 0.5, respectively, for the two plates, Of all of
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