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In seismically active regions, earthquake induced lamdélides have damaged lives and
properties during all the humankind history, however a rational means of assessing seismic
'slope stability haven’ t been developed until the middle of 20t century. The earliest
methods treated the sei'sinic slope stability, basing on the conventional pseudostatic method,
in terms of a simple factor of safety. In recent years, considerable attention has been
fooused on the analytical procedures for estimating seismically induced displacement in
slopes, dams, and embankments (e. g. Newmark 1965, Bray and al. 1999, Matosovie et al. 1997,
Rathje 1997, Augello 1997, Bray et al. 1995, Chugh 1994, Jibson 1993). This field of research
still challenging specialists and engineers and requires regulations for evaluating seismic
slope stability by developing of practicable and accurate anaiytical procedures..

The present work is an attempt to develop a method to evaluate the yielding state and
the subsequent displacement response of slopes to earthquakes. The present inqﬁiry into
the dynamic. response of slopes is based on the perfectly plastic, Coulomb-type model,
assuming the soil mass to be homogeneous wi thout performing any liquefaction. The author
rested on the newly discovered continuity condition of acceleration to define the equations
governing the motion of the soil mass moving relative to the base, and the displacement
analysis method to compute.the permanent displacement affecting slopes during earthquake.
The method was applied to the infinite and finite slopes. o

In Chapter?2 is overviewed the previous analytical techniques for estimating seismically
induced permanent deformations in slopes, dams and embankments. The principal pillars of
the proposed theory are presented and applied to the infinite slope model, which is the

simplest problem and fits for assessing almost of ﬁatural slopes.
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Through this work the extension of Khristianovich model of the rigid plasticity to the
dynamic case (dynamic theory of rigid plasticity) was done. Five cases of stability problems
were considered. Two cases corresponding to the dynamic problem of soil plasticity vere
proposed. These two cases formed a base in handling the dynamic stability problem of earth
structures subjected to earthquake-induced accelerations.

For the infinite slope, which corresponds to almost of natural slopes, a concept of model
of relative displacement was introduced. Under seismic loads, the potential soil fayer of
natural slopes might hold fore possible modes of relative displacement with respect to the
bedrock: (1) no relative displacement, (2) downhill sliding mode, (3) uphill sliding mode
or (4) the separation mode. The critical state corresponding to all this modes of relative
displacement and the method of calculating the relative displacement were determined.

The test apparatus, materials and instrumentation used in the experiments intended to
assess the infinite slope model under dynamic loads were reviewed in Chapter 8 The
experiments led to the following conclusions: '

For the rigid block model the calculation almost agrees with the experimental result
and a combined downhill and uphill modes of relative displacement were shown.
| The plastic deformation of the soil layer subjected dynamic loads did not happen
immediately at the start of shaking. The delay of the sliding was a function of the dimension
of the slope model and of the input frequency of shaking.
When sliding began the peak shear resistance of the soil layer was mobilized. The
transitional and residual shear resﬁstance was mobilized during the remaining time.of
~shaking. ‘
The exﬁeriments permitted to explain the formation of the cracks within the natural
slopes and to show the impoetance of cracks to evaluate natural slope damages sfter an
earthquake event. ‘

- An amount of plastic deformation happened during all the time the shaking continues.

Chapter 4 aimed to illustrate the theoretical extension of the proposed approach, for
modeling the Finite Slope. Basing on the newly discovered continuity condition of
acceleration thevauthor extended the theory of rigid plésticity to be applied for dynamic
plastic problems. Generalized Limit Equilibrium Method (GLEM), which is one of the limit
equilibrium methods providing an approximate solution for Kotter’ s equation in static
atability problems, was extended to treat the dynamic atability of finite slopes. Two
formulations of the dynamic GLEM were done. The first formulation uses force field (Force
equilibrium), and the:second formulation uses displacement rate field (Energy equilibrium

or Upper Bound Method). The calculation of slope motion during earthquake based on D-GLEM
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vas done through a Fortran program including minimization routine. The program was applied
using the physical model’ s parameters.

Chapter 5 presents the background information for the small-scale slope experimental
program’. A gap between the theoretical and experimental results still exists. However,
interesting observations were made and still warrant additional research. Similar to the
findings of the inciined plane studies, The test results made in a small scale slope, also
indicate that the accuracy of the proposed procedures would be improved by accounting the
elastic deformation, implementing the degrading strength parameters and taking into
conéideration the delay of the plaétic deformation response of the sliding soil mass.

Application of the Method Using Earthquake Records was presented in Chapter 6. The
proposed approach was applied to.natural slopes damaged éfter Tottori western earthquake.
The relation between the slope orientation and its susceptibility to slide under earthquake
shaking was clarified through calculations and graphs. The existence, for every earthqﬁake
event and at every local ity, of the most dangerous and the safest directions was shown using
acceleration records of several earthquakes. For the same earthquake event, the dangerous
direction might change from place to place. The sensitivity of the slopes and the relative
displacement affecting it during an earthquake depend on the space-time distributioﬁ and
magnitude of the accelerations.

The proposed method, which is easily applicable provide more or less accurate procedure
for estimating the seismically induced displacements in slopes. The findings gotten through
this work are for great importance and might form a base for further development of the
proposed method. The method presented herein could be applied to more complicated boundary
conditions to resolve the dynamic plastic deformation of any kind of earth structures when
exposed to any kind of dynamic loads. ‘
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