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Liquefaction is one of the major threats to structures constructed on a sandy ground.
Making clear the mechanism of liquefaction is one of the main objectives of
geotechanical researchers and engineers. In many cases, we have to deal with sand
under repeated liquefaction and consolidation condition. For instance, during an
earthquake, the main-shock may come followed by many after-shocks. A sandy ground
maybe firstly liquefy in the main-shock, and then liquefy again in the aftershocks. So,
predicting the behaviors of soil under repeated liquefaction and consolidation seems
important because the following liquefactions may cause further damage to structures.
However, few studies have been done in this field. The main objective of this research
is to investigate the mechanical behavior of sand under repeated liquefaction and
consolidation, including experimental study and numerical simulation.

In experimental study, a medium-sized shaking table apparatus was utilized to
investigate the repeated liquefaction and consolidation behaviors of a sandy ground.
For an initially made saturated loose sandy ground, we firstly applied a shaking
motion to let the ground liquefied. After the motion stopped, the ground consolidated
and excess pore water pressure (EPWP) dissipated. After EPWP had completely
dissipated, we applied the same input motion once more to let the ground liquefy
again, and then consolidate again. By this way, the ground was shaken three times in
succession and become denser and denser for the reason that pore water flowed out
from ground. In the whole process of repeated liquefaction and consolidation, the
responses of the ground, including acceleration and EPWP, were measured in detail.
Another objective of this experiment is to investigate the stiffness recovery process of
ground during consolidation process. Because stiffness of ground cannot be measured




directly, we calculated ground stiffness from shear velocity with the use of hammering
method. ,

Following experimental study, a new elasto-plastic constitutive model that can
describe liquefaction behaviors of sands with different densities was proposed. The
model was based on the concept of SYS Cam-clay model, which was proposed by
Asaoka et al (2002). It inherits the advantage of SYS Cam-clay model that it can
describe the liquefaction behaviors of sands with different densities using unique
values of material parameters, which do not depend on density, but just depend on
what material the sand is. The model provides an approach for describing the
stress-induced anisotropy together with a new evolution rule for changes in
overconsolidation, by which the mechanical behavior of soils subjected to cyclic
loading under undrained conditions, including the cyclic mobility of medium dense
sand, can be uniquely described. Meanwhile, the physical meaning of these types of
behavior for different soils can be explained efficiently with the concepts of
overconsolidation, structure, and stress-induced anisotropy.

In liquefaction analysis of a boundary value problem (BVP), a two-phase field
theory that can properly take into account the interaction between solid and fluid is
very important. In this thesis, the two-phase field theory, which was originally
proposed by Oka et al (1991, 1994), was extended using the finite deformation
algorithm. In this two-phase filed theory, the displacement of solid, u, and the pore
water pressure of fluid, p, are taken as the basic variables in the governing equations.
Both FEM (Finite Element Method) and FDM (Finite Difference Method) are used to
discretize the field equations in space. FEM is used for the discretization of the
equation of motion for the mixture, and FDM is used for the discretization of the
continuity equation for the pore fluid. Newmark-8 method is employed to discretize
the field equations in time.

At last, combining the proposed model and the two-phase field theory, a
numerical analysis was conducted using a FEM program DBLIVE to simulate the
process of repeated liquefaction and consolidation. The numerical simulation aims to
reproduce the three cases of shaking-table tests, in which the model ground was
shaken three times in succession and became denser and denser after each shaking.
In the numerical calculation, the process during shaking was simulated by a dynamic
soil-water coupled analysis, while the process of dissipation of EPWP was simulated
by a static consolidation analysis. The values of material parameters were the same
in all stages. The state of soil elements valuated by five state parameters was only
prescribed at the very beginning and the values of these parameters was delivered
automatically to the next stage of the analysis in the whole process, which was totally
the same as what has been done in the model test. Comparisons between the
experiment and the numerical simulation show that the numerical simulation is



capable of reproducing almost all main characteristics of the repeated

liquefaction-consolidation of sandy grounds with different densities, such as the
mechanical behavior pre- and during liquefaction, the settlement in post-liquefaction
consolidation and the influence of density on the accumulation of excessive pore water
pressure (EPWP) in repeated strong motions.
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