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Geotechnical disasters have always threatened human being not only because the
disasters may lead to tremendous loss of life and properties, but also it may take a long
time to recover or even unrecoverable. Various factors of the geotechnical disasters are
existed, among which, heavy rain and earthquake are the two main factors that are
difficult to predict. Slope failures caused by heavy rain and liquefaction caused by
earthquake are tremendous disasters to human being and civil facilities. These two
phenomenons have been investigated by engineers for a long time. The mechanisms of
slope failure due to rainfall and liquefaction due-to earthquake have been investigated
thoroughly as the development of soil mechanics. In a word, in many cases we have to
deal with these geotechnical problems depending on saturated soil mechanics or
unsaturated soil mechanics.

As is known that saturated soil mechanics has been widely developed for a long time,
but unsaturated soil mechanics, many challenges still lie ahead to geotechnical
‘engineers, especially its engineering practice to solve boundary value problems. The
main purpose of this dissertation is to use the existing theories on both saturated and
unsaturated soil mechanics to solve various boundary value problems.
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For the unsaturated soil problems, first, a new constitutive model based on the
experiment study is proposed by Zhang (2011). The constitutive model for unsaturated
soil using the skeleton stress and degree of saturation as independent state variables is
therefore possible to be able to describe not only the behaviors of unsaturated soil but
also saturated soil because the skeleton stress can smoothly shift to effective stress if
saturation changes from unsaturated condition to saturated condition.

Next, 2D FEM approaches that consider the interaction between soil skeleton, pore
water and pore air in one-dimensional infiltration problem is conducted. In' this
three-phase field theory, the displacement of solid u, the pore water pressure p” and
pore air pressure p” are taken as the basic variables in the governing equations. The
finite element is used to discretize the field equations in space, and finite difference
method is used for the discretization of the continuity equation for the pore fluid.
Newmark- method is employed to descretize the field equation in time.

Last, combining the proposed new constitutive model and soil-water-air three-phase

mixture theory, 2D unsaturated-saturated numerical analysis is performed using a FEM

program SOFT to simulate the process of infiltration in the unsaturated Shirasu slope.

The numerical simulation aims to reproduce the three cases of soil tank model tests of

unsaturated Shirasu slope, in which water injection is conducted from the top, bottom

and back of the slope respectively. Simulation results are compared with test results to
verify the proposed constitutive model and numerical method.

For the saturated soil problems, numerical simulation on different kinds of ground is
carried out using cyclic mobility model proposed by Zhang (2007). The calculation
includes three types of ground:

1) Dry sand ground. Numerical tests on seismic enhancement effect of existing
group-pile foundation with ground improvement are first conducted to find out the
optimum pattern of ground improvement around existing pile foundation. In the
numerical tests, three influential factors are considered, that is, the depth, the
thickness (or height) and the width (or length) of the ground-improvement zone
around the pile group. The numerical tests are conducted in static push-over
condition. Firstly, find out an optimum pattern for the partial-ground improvement
around an existing pile foundation, and secondary, confirm the efficiency of seismic
enhancement by the partial-ground improvement method both by shaking table tests
and numerical analyses. As a consequence, the applicability of the DBLEAVES for
evaluating the seismic behavior of pile foundation is verified again. In the numerical
analyses, nonlinear behaviors of ground and pile are described by cyclic mobility
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2)

3)

model (Zhang et al, 2007) and axial force dependent model (AFD model) proposed
by Zhang and Kimura (2002), respectively.

Saturated soft rock ground. Simulation is performed on the undersea soft rock
under high confining stress state subjecting to dynamic loading to clarify the
mechanism process of the formation from proto-decollement to decollement, which
is one step to the clarification of the earthquake mechanism. In the calculation,
parameters of the soft rock are determined based on laboratory tests and element
simulation. The mechanical behaviors of the soft rock subjecting to huge dynamic
loadings such as earthquake motions are well examined. The study object is selected
at a depth of 1650m under seabed, where has a confining stress of 9.75MPa.
Through the results including acceleration, effective stress and excess pore water
pressure, it is understood that decollement zone with a high confining stress may
consolidate and become dense when subjected to huge shear stress caused by
earthquake.

Saturated sand-silt mixed ground. To evaluate the anti-seismic performance of
Kanie Parking Lot based on liquefaction analysis, numerical simulation was carried
out by 2D soil-water coupled finite element method in two cases, which are the
long-pile type foundation and short-pile type foundation. In the numerical
calculation, the process during earthquake was simulated by a dynamic soil-water
cdupled analysis, while the process of dissipation of excess pore water pressure was
simulated by a static consolidation analysis. The mechanical behavior of the ground
during liquefaction and the settlement in post-liquefaction is well examined.
Through the results, it is clear that although the ground in both two cases liquefied,
the structure with the long-pile type foundation has less uneven settlement than the
short-pile type foundation after earthquake. The seismic stability of the structure

foundation was well evaluated by this numerical analysis.
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