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Prediction of soil-water characteristic curves under drying path based
on isotropic compression and soil shrinkage tests
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Abstract: Because the soil-water characteristic tests require professional instruments and are time-consuming, the application
of soil-water characteristic curves (SWCCs) in engineering design is not popular. Taking three kinds of soils as the research
objects, including silty sand, cohesive soil and expansive soil, a simple method is proposed to predict the SWCCs in drying path
within the low suction range by performing the isotropic compression tests of saturated soil and shrinkage tests of soil in the
laboratory. The research results show that based on the unified relationship between the effective stress and the deformation, the
connection between the saturated soil and the unsaturated soil can be established. According to the soil shrinkage characteristic
curves under different initial dry densities, the residual water content can be obtained quantitatively by using the curvature
formula and the proposed mean value method. The SWCCs within the low suction range predicted by the proposed method are
in good agreement with the experimental data obtained in this study. This work contributes to ensure that the unsaturated
hydraulic parameters are obtained indirectly when it is necessary to carry out the conventional saturated soil tests.
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Table 1 Basic physical properties of soil samples

oL BRT B E KK PR HRR HIEFEEL kLA 2H /%
TR Gs ) ‘ ‘ ‘
pdmax/ (g cm 3) Wopt/ % wL/% we/% Ir E//I\ *E *ﬁ*j %5 *j
M+ 2.71 1.86 16.9 31.5 19.1 12.4 95.3 4.7 —
i+ 2.73 1.67 25.6 42.0 22.9 19.1 19.0 37.2 43.8
i S 2.69 1.66 24.1 76.0 29.0 47.0 13.0 69.4 17.6
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Table 2 Initial water contents and dry densities for sample

preparation
W vt wo/% Pao /(g em’3)
RS £ 16.9 1.60, 1.65, 1.70
i+ 25.6 1.45, 1.65, 1.70
ik £ 24.0 1.42, 1.50, 1.58
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Table 3 Fitting parameters of isotropic compression curves
A+ i+ K+
€min e a ni R? €min e a ni R? €min e a ni R?
0.50 0.69 19.2 1.63 0.998 0.68 0.88 209 1.44 0.997 0.42 0.89 19.9 1.14 0.996
0.45 0.64 19.1 1.35 0.995 0.42 0.76 17.0 1.14 0.994 0.27 0.79 17.9 1.08 0.996
0.41 0.59 73.5 1.62 0.992 0.54 0.66 55.8 1.77 0.992 0.20 0.70 78.2 1.14 0.998
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Fig. 1 Isotropic compression curves of soils under different initial
dry densities
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Table 4 Fitting parameters of soil shrinkage characteristic curves
W D 1 i+ NI 1
es 2 u v R? es 2 u v R? es 2 u v R?
0.52 30238.2 9.11 021 0998 0.72 0.77 029 150 099 056 098 026 1.29 0.998
0.49 67920.0 1041 0.16 098 0.63 412685 9.70 021 0995 048 0.60 0.08 1.74 0.999
0.44 1606457 11.59 0.12  0.992 0.55 4262.4 6.80 031 0999 043 272 097 0.64 0.999
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Table 5 Residual degrees of saturation of samples under different initial dry densities

s BRI B
’E@%Ia}\# D+ ittt K £
~ 1.60glem’  1.65g/em’ 1.70glem’ 145g/em’ 1.55g/m’ 1.65g/m’ 1.42g/em’ 1.50g/lm’ 1.58 g/om’
Ws 0.095 0.056 0.012 0.156 0.129 0.124 0.097 0.094 0.049
Wres 0.054 0.054 0.054 0.136 0.136 0.136 0.080 0.080 0.080
Stes 0.281 0.293 0.324 0.512 0.578 0.659 0.381 0.445 0.474
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Fig. 2 Soil shrinkage characteristic curves under different initial
dry densities
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Fig. 4 Predicted SWCCs of clay under different dry densities
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Fig. 5 Predicted SWCCs of expansive soil under different dry
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Table 6 Fitting parameters of predicting SWCCs
kbt ittt 7 Na
/ / /
Pao ] a n R Pao ] a n R Pao ] a n R
(g-em™) (g-em™) (g-em™)
1.60 38.5 1.19 0.998 1.45 24.6 1.11 0.999 1.42 15.2 1.05 0.996
1.65 34.8 1.17 0.997 1.55 31.1 1.09 0.979 1.50 6.48 1.03 0.996
1.70 100.6 1.32 0.995 1.65 50.7 1.08 0.973 1.58 6.07 1.02 0.984
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