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The Validation of the Effective Stress Principle of Unsaturated Soils
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Abstract: The effective stress principle of unsaturated soil is significant to the development of unsaturated soil
mechanics. Although there are many kinds of the existing formula of effective stress for unsaturated soil, it is difficult
to find the formula which combine some theoretical basis and clear physical meaning, what’s more, it is necessary to
further verify its application. For the purpose, the evolution of the effective stress principle of unsaturated soils were
summarized briefly in the first and then the theoretical basis and physical significance of several typical formulas about
the effective stress principle of the unsaturated soils were discussed. By comparison, it is found that the effective
stress formula derived from the theory of continuum mechanics by Shao L. T was similar in form to the semi—empirical
formula proposed by Vanapalli in 1996, but the formula raised by Shao revealed that the effective stress was the
skeleton stress due to all the external forces excluding pore water pressure. Finally, the formula was aligned with the
four parameters Van Genuchten model to predict the strength of expansive soil, silty clay, clay sand and adobe soil.
The result indicates that there is a well agreement between the theoretical value and test result within the scope of the
test accuracy. Thus it validates the feasibility of the formula used in the tests and projects.
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Table 1 The strength parameters of the soils and the basic parameters due to the SWCC fitted by the

four parameters VG model
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Madrid clay sand 39.5 40.0 0.002 1.34 1.32 32.9 Escario 25 (1989)
Nanyang expansive soil 32.0 21.3 0.000 84 0.96 1.44 7.95 Miao %5 (2002)
Reconstituted silty clay 0 32 0.001 3 2.38 0.44 5.00  Cunningham % (2003)
Weakly expansive soil 14.2 28.2 0.001 3 0.84 0.36 8.20 Ye %£(2010)

Adobe soil 11.7 31.4 0.08 1.32 0.24 9.30 Aqtash %(2015)
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and the measured data under different suction
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