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“In current analysis for earthquake-resistant design, there are two basic approaches. One is the
stress—én'ain analysis and the other is the conventional pseudo-static analysis. A complete progressive failure -
analysis of stress and strain in a soil mechanics problem using the stress—strain approach is too complicated
for practical application. On the other hand, the conventional pseudo—static approach is quite crude to predict
the behavior of earth structures under seismic loading conditions. In this approach, the same acceleration is
applied to every part of the structure and is treated as inertia forces acting permanently on the structure. The
stability 6f the earth structure is evaluated in terms of safety factor. During the earthquake, the safety factor
may drop below unity a number of times which will induce some: relative displaéements, but not cause the
collapse of the structure. Thus, évaluating stability of the earth structure in terms of safety factor under
dynamic loading is inadequate, and attention should be paid to earthquake—induced displacements. To avoid
the complication of the stress—strain approach, and the inadequacy of the conventional pseudo—static analysis,

it is desirable to develop herein an effective method for the earthquake—resistant design of earth structures.

The present thesis deals with an analysis method for the stability and motion of soil~like rigid—plastic

structures such as slopes, shallow foundations, and retaining structures under dynamic loading conditions.

Although the classical theory of plasticity represented by Kétter’s equation can be easily extended for
dynamic p]aéticity problems with the introduction of accelerations as inertia forces, no researcher has done it

because of the difficulty in determining acceleration distribution in the structure when failure oceurs.

Here, a condition governing the acceleration distribution in the rigid—plastic body is introduced.
Combining this condition with “Generalized Limit Equilibrium Method (GLEM)”, the Dynamic GLEM is
established and solutions for dynamic plasticity problems can be obtained, where the GLEM is one of limit

equilibrium methods and proposed by Enoki et al. (1991a and 1991b) for static plasticity problems.
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In Dynamic GLEM, the failed soil mass is considered as a rigid-plastic block system, in which the

surrounding surfaces of the block are made up just of the slip planes. When sliding has not occurred, all

~ blocks and sub-base take the same movement. Stability of the structure is analyzed by the Dynamlc GLEM

with condition that acceleration of every block is the same as the given acceleration.

When the given acce]eration exceeds the critical value, the blocks move relative to each other and to the
base beneath the failed soil mass along the slip planes. Across a slip plane the component of acceleration
normal to the direction of relative displacement are continuous. With the introduction of this condition to the

Dynamic GLEM, motion of every part of the smlcﬁlre can be analyzed.

The important conclusion here is that the analysis results of proposed method are in good agreement with
the experimental ones in active problems. In passive problems, elastic deformation and volumetric change

seem to suppress plastic deformation.
The present thesis is organized into 7 chapters.
Chapter 1 presents the general introduction, objectives and scopes, and layout of the thesis.

Chapter 2 presents the theoretical approach of proposed method including the introduction of the
continuity condition of acceleration and the formulation of the Dynamic GLEM for both stability and
motion analyses with two cases of study: limit equilibrium approach using force field in limit eqﬁilibrium
states and upper bound approach using the kinematically admissible displacement rate field and the

principle of virtual work.

Chapter 3 illustrates stability analyses of slopes, foundations, and retaining structures under seismic
loadings. The relationship between limit equilibrinm and upper bound approaches in stability analysis is

discussed. Some comparisons of present solutions with existing solutions are demonstrated.

Chapter 4 presents motion analysis problems of slopes, foundations, and retaining structures under
seismic loadings. The motion of foundations under external excitations and thé investigation on deep
failure of retaining structures are also described. The consideration of dilatancy angle and the use of peak
and residual values of soil strength in calculation are discussed. The relationship between limit equilibrium
and upper bound formulations in motion analysis is pointed out. Comparisons of proposed method with

Newmark's method and Mononobe-Okabe method are fi gured out.

In Chapter 5, the experimental research to confirm the validity of proposed method is presented. The
high-speed and large-displacement shear test is performed to investigate dynamic shear strengths of sandy
soils. A number of experiments on models of slopes, foundations, and retaining walls are conducted and

compared with theoretical analyses.

In chapter 6, the proposed method is applied to analyze motion of a supposed foundation subjected to

the Western Tottori Earthquake-2000 and motion of a supposed retaining structure under Niigata Ken
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Chuetsu Earthquake-2004 shaking. The application of proposed method to construct design charts for

critical accelerations of infinite slopes and seismic bearing capacity is also demonstrated.

Finélly, chapter 7 summarizes general conclusions of this research and makes suggestions regarding

future subjects concerning with the proposed method.
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