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In this research, the stress-strain relations for unsaturated soils along drying
and wetting paths were investigated. The main objectives in this work are to study
effects of drying-wetting process on unsaturated soil behaviors and to develop the
constitutive model for unsaturated soils taking into account these effects.

A series of controlled suction laboratory tests including soil-water
characteristic curve determination, suction controlled shear tests and suction controlled
isotropic loading tests were carried out on a compacted kaolin sample using a triaxial
equipment modified for testing unsaturated soils. The sample preparation method and
test procedures have been developed. Image-processing technique is used for
measuring sample volume change. The experimental results show a hysteresis
response due to drying-wetting process. The stress-strain relations for dried and wetted
samples are clearly different. Moreover, at any value of matric suction, the ¥
parameter for dried samples is greater than that for wetted samples, while the
preconsolidation pressure for wetted samples is greater than that for dried samples.

The elasto-plastic model for unsaturated soils has been presented based on
the effective stress principle taking into account effects of drying-wetting process. The
elasto-plastic constitutive equations for stress-strain relations of the soil skeleton have
been established. A plasticity model is modified from modified Cam-Clay model. The
hardening rule has been established by considering the isotropic consolidation paths.

The effect of drying-wetting process is introduced through the y parameter. All model



coefficients are identified in terms of measurable parameters. The simulations from the
proposed model are compared with the experimental results. The model calibration was
performed to extract the model parameter from the experimental results. Good
agreement between the results predicted using proposed model and the experimental
results was obtained.

The suggested future works are 1) extension of the model consider the
plastic strain with in the yield surface, 2) further numerical analysis of the model to
solve the differential governing equations using the finite element method, 3) extension
of the study to other soils and testing at the greater matric suction, and 4) application

and validation of the model against field problems.
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