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ABSTRACT

One of the most important steps in studying the compaction behavior of soil under farm machinery traffic is
to provide an accurate measure of soil stress. To prevent soil compaction under tire passage, the stress at any depth
beneath the tire needs to be controlled lower than soil strength. In the present study, a vertical stress transducer
was developed and evaluated in laboratory under circular surface loading (plate sinkage). The stress transducer
was developed with installing a miniature load cell inside a cylindrical aluminum housing (70 mm diameter, 30
mm height) with 50 mm diameter stress sensing surface. Laboratory tests were carried out with a clay loam soil
at 11 and 16% water contents each at 1000 and 1150 kg m™ bulk density under circular surface loading of a 100
mm diameter plate. The measured stress was compared with the analytical solution of Boussinesq. The results
showed that by changing the density from 1000 to 1150 kg / m®, there is little variation in difference of stress
measured and calculated with the Boussinesq model, but by changing the moisture content from 11 to 16%, the
measured stress decreases.
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Figure 1. Soil vertical stress in depth z resulting from point load P on the surface for a homogeneous and elastic soil
(Fredlund et al., 1993).
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Figure 2. Distribution of stress at depth z in soil under uniform circular surface stress
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Figure 3. Stress transducer (A) miniature load cell (B) schematic of load cell’s housing (C) load cell’s housing
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Figure 4. Instron Testing Machine

09 s | g3 olBws F JSi

Cony g b =Y

9 JiKew g Jlasl i o s MalS adayl ) G oS a0 o lid |y g el oSiws b (6105 L con Jow (ouily mls & S
285 1,8 eolitul 5,90 Sy (i (6 puSojluil Al o 8 sael Cwd A Sguuw S, Aolae ams o LS

140
y =12.355x L)
120 2
R? = 0.9997 »
100 e
5 -~
x 80 .
3 60 i
& KA
40 _.".
ry
20
.
0
0 2 4 6 8 10 12

Output voltage (mV)

Figure 5. Calibration relationship of stress transducer
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30 B Measured stress
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Figure 6. Measured and calculated stress (A) water content 11%, density 1000 kg m3; (B) water content 11%,
density 1150 kg m3; (C) water content 16%, density 1000 kg m and (D) water content 16%, density 1150 kg m-
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