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In relating to geotechnical problem, saturated-unsaturated seepage problem is one of the

most important topics for geotechnical engineer because the majority of geotechnical disasters

are related to the saturated-unsaturated seepage problem such as the slope stability problem and
embankment stability problem due to the heavy rainfall, the geological disposal of nuclear
waste, liquefaction due to earthquake and so on. The mechanisms of these problems should be
carefully investigated and studied for our geotechnical engineers, because they may lead to
‘tremendous disasters to human being and civil facilities.

As another effective method to study and investigate the mechanism of these geotechnical -
problems relating with the saturated-unsaturated seepage, in this study, a thermo-hydraulic

-mechanical-air (THMA) coupling finite element method (FEM) has been proposed. The main .

contents of this dissertation are listed as following:

1) As we all known, the accuracy of a numerical simulation mainly depends on whether the
constitutive model can adequately describes the various features of soils, which are
affected by its property (density, bonding, degree of saturation, temperature) and several
loading condition (e.g., cyclic loading, stress history, strain rate and creep). In this
dissertation, therefore, two rational constitutive models for soft rock and unsaturated

soil are introduced, whose verifications are confirmed in detail by the drained triaxial

compression tests and the creep tests under different temperatures and triaxial
plane-strain tests, the drying-wetting tests, 1D consolidation tests. :




2) The theory of a thermo-hydraulic-mechanical-air coupling finite element method is
explained and derived in detail. In the field equations, the excessive pore water pressure,
the displacement of solid phase and the temperature are used as unknown variables. In
the THM FE-FD scheme, FEM is used for spatial discretization of the equilibrium and
the energy conservation equations, while the backward finite difference scheme is used
for the spatial discretization of the continuity equation.

3) In order to verified the availability of the proposed numerical method, the model tests on
slope failure due to water injection or rainfall at room temperature are firstly simulated
by the proposed numerical method based on the proposed unsaturated model. Because
the method is based on the soil-water-air fully coupling scheme, not only the seepage of
water due to rainfall or water injection, the change of the degree of saturation, the
migration of the air pressure, but also the mechanical behaviors of the unsaturated soil
such as the deformation of the ground, the change of pore water pressure, the formation
of the shear band occurred in the slope failure, can be simulated on the whole in an
unified way, judging from the comparisons between the measured and calculated results.
It is particularly worth mentioning that due to the incorporation of a proper constitutive
model for unsaturated soil, the calculation can well simulate the different failure
behavior of the model Shirasu ground observed in the tests that, in Case 1 and Case 3,
the slope collapses entirely while in Case 2, only the toe of the slope failed. In the
analyses, all the material parameters of the Shirasu in different test cases are the same,
which makes the sense for the application of the proposed numerical method.

4) A field heating test, carried out within a saturated soft rock called as Opalinus clay by
Mont Terri underground laboratory, is then simulated with the same pfoposed numerical
analysis based on the modified thermo-elasto-viscoplastic model. It is found that the
proposed numerical method can well describe the THM behavior observed in the test,
such as the changes of temperature, the excessive pore water pressure (EPWP) and the
heat-induced strain.

5) Finally, a heating experiment is simulated, using the same proposed numerical method,
in order to investigate the THM behavior of bentonite-host rock composite structure
under unsaturated condition. In the simulation, the mechanical behaviors of host rock
and bentonite are described by the proposed models for soft rock and unsaturated soil in
this dissertation respectively. Based on the simulated results, it is known that the present
simulation can properly describe the THM behaviors observed in the heating experiment
such as the hydration of water, the evolution of temperature, the evolution of excessive
pore water pressure to some extent.

According to the above discussions, it is, therefore, reasonable to conclude that the proposed

numerical method can be applied into the geotechnical problems relating with the
saturated-unsaturated seepage problems.
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