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Constitutive Equations of Compacted Soils in
direct shear tests
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Bioresources, Mie University

Abstract

Constitutive equations of direct shear testing based on the rheclogical investigation in conjunction
with Coulomb’s failure criterion are presented for compacted soil. The purpose in establishing such a
constitutive equation is to introduce the displacement factor into the slope stability analysis of dams.

In the stress-strain relationships, soil (here qualified as compacted soil) is divided broadly into two
categories. The first is the case for no peak strength such as cohesive soil, the second is the case for
peak strengh such as sandy soil. The former is governed by a well-known Voigt model, and the latter
consists of two Voigt models connected in series.

There is no strain measure in the direct shear testing used in this study, alternatively a ratio of
shear displacement to shear diplacement at failure is defined as the shear displacement ratio.  Also, it
is assumed that the shear displacement is linearly related to time.

Fitting such derived constitutive relations of compacted soil to data from laboratory experiments,
for the case of no peak strength the calculated values from proposed equation are a little less than the
experimental data at the point where the curves are rising.

In the case for peak strength, there is little difference between the values from the constitutive
equation and the experimental data. It is concluded that the constitutive equations proposed here
generally are able to approximate well the relationship between the shear stress and the shear displace-
ment ratio.
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Fig. 1. Shear stress versus X/X; relation in eq. (5).
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Table 1 Data example in the case of no peak

strength
S P2 AR TR AR iy il Ryl
X {mm) X/ X; 7 (kgf/cm?) t/ 1
0.00 0.00 0.000 0. 000
0.05 0.02 0.385 0.332
0.10 0.03 0.506 0.437
0.20 0.07 0.586 0. 506
0. 40 0.13 0.707 0.611
0.50 0.17 0.746 0. 645
0.60 0.20 0.793 0.685
0.70 0.23 0. 826 0.714
0.80 0.27 0. 864 0.747
0.90 0.30 0. 905 0.783
1.00 0.33 0.908 0.785
1.20 0.40 0.947 0.818
1.40 0. 47 1.030 0.890
1.60 0.53 1.030 0.890
1.80 0.60 1.071 0.926
2.00 0.67 1.113 0.962
2.20 0.73 1.116 0.964
2.40 0.80 1.130 0.977
2.60 0.87 1.133 0.980
2.80 0.93 1.148 0.992
3.00 1.00 1.157 1.000

Table 2 Data example in the case of peak strength
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Fig. 4. Determination of parameter b,

WP | WA WG | ST b

X {mm) X/ X, 7 {kgf/cm?) T/t
0.00 0.00 0.000 . 000
0.05 0.03 0.195 0.158
0.10 0.06 0.296 0.239
0.20 0.13 0.450 0. 364
0.30 0.19 0.539 0.435
0.40 0.25 0.586 0.474
0.50 0.31 0.784 0.634
0.70 0. 44 0.932 0.754
0.80 0.50 1.012 0.818
0.90 0. 56 1. 056 0.854
1.00 0.63 1.068 0. 864
1.20 0.75 1.219 0. 986
1.40 0.88 1.222 0.988
1.60% 1.00 1.237 1.000
1.80 1.13 1.234 0.998
2.00 1.25 1.234 0.998
2.20 1.38 1.210 0.978
2.40 1.50 1.151 0.931
2.60 1.63 1.101 0. 890
2.80 1.75 1.056 0.854
3.00 1.88 1.024 0.282
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Table 3 Identification properties of the soil tested
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Fig.7. Experimental and calculated relationships of
shear stress and shear displacement ratio in the
case of no peak strength (g, vertical stress).
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Fig. 8. Experimental and calculated relationships of

shear stress and shear displacement ratio in the
case of peak strength (g, vertical stress).
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