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In recent years, many design standards and guidelines in the field of civil engineering are shifting to the
performance-based design, which is based on the reliability theory, and now it is needed the introduction of
reliability-based design in also geotechnical engineering. In geotechnical engineering, unlike other engineering
fields, there is a problem that the spatial variation of the material properties, it is called “inhomogeneity”, is
extremely large as compared with materials in other engineering fields. The introduction and popularization of
reliability-based design in the field of geotechnical engineering requires the construction of an original method in
geotechnical engineering considered the above-mentioned issue. For that purpose, it is indispensable to
quantitatively investigate how inhomogeneity which may affect the uncertainty of the performance of the structure
contributes from both statistical and dynamical aspects.

Therefore, in this study, material inhomogeneity was a central issue, and the reliability evaluation of the
embankment slope was focused. Embankment is a kind of slope structure, and the stability of the slope is strongly
affected by local weak areas. Considering material inhomogeneity is synonymous with assuming the presence of
local mechanical weakness in the soil. In slope structures, the existence of weak area caused by material
inhomogeneity is highly likely to influence the performance. Therefore the above issue was targeted. In this study,
numerical analysis by the finite element method (FEM) based on Monte Carlo simulation (MCS), which is one of
the random number analysis methods, is repeated, and the probability distributions of indices indicating the
performance of the structure was obtained, and the influence of the uncertainty factor was examined from a
statistical and dynamic perspective.

In Chapter 1, the background of the current issues in geotechnical engineering, and the purpose and outline of
this paper were shown.

In Chapter 2, it was summarized the current main design codes and the design standard of the slopes covered in
this paper. In addition, with regard to previous research, the approach to reliability design methods in the field of
geotechnical engineering, future developments, and indicated the focus of this paper were described.

In Chapter 3, it was summarized the numerical analysis methods used in this paper. The studies shown in Chapters
4 and 5 are based on the method shown in this chapter.

In Chapter 4, some results on the reliability of the static stability of the slopes obtained from our previous studies
(Satake & Wakai, 2019)" were presented. The probability distribution of the safety factor F; was obtained by MCS

using FEM with the shear strength reduction method as each trial, and the influence of the inhomogeneity on the



uncertainty of the analysis value was examined. As a result, it was shown that the average value of the probability
distribution of the safety factor Fs is always lower than the result of the analysis assuming the homogeneity of the
material. In addition, as the coefficient of variation of the probability distribution increased, excess probability for
the analysis value of the homogeneous case decreased. And it was shown that the uncertainty of the analysis value
becomes very large under analysis conditions that emphasize the weakness of the material. Assumption that
materials are homogeneous like the conventional design method leads a risky evaluation, and it is highly possible
that damage cannot be evaluated accurately. Furthermore, the validity of the coefficient of safety was examined. It
was found that regardless of the case, the coefficient of safety tended to increase exponentially as the coefficient of
variation in the analysis results increased. This indicates that the coefficient of safety depends on the coefficient of
variation, and that the design of the slope based on the fixed value of design coefficient of safety like conventional
method is not appropriate.

In Chapter 5, the dynamic stability of the slope was investigated. MCS, with time history response analysis based
on 2dimensional dynamic elasto-plastic FEM as each trial, was performed. At first, the effects of the acceleration
amplitude of the seismic waveform and the coefficient of variation of the material properties on the uncertainty of
the residual displacement. Next, the validity of estimating residual displacement & from F was verified using the
correlation between dand Fj. As a result, it was found that an increase in the acceleration amplitude of the seismic
wave resulted in an increase in the mean value and standard deviation of the residual displacement, but the
coefficient of variation did not increase. This tendency was common to all physical property values. In this study,
the target is sandy soil. Hence among material properties as random variables, the effect of tan¢ was the largest. It
is considered that the dominant parameter varies depending on the target soil quality. Considering parameters that
have a large influence from the preliminary survey is important from the viewpoint of design rationality and
economy. Finally, regarding the correlation between & and Fj, how the statistical properties of ¢ change according
to the level of F; was organized. It was found that both the mean and standard deviation of & increased as Fj
decreased. This result showed that it is difficult to determine the value uniquely when estimating the residual
displacement from any Fs and the current approximation formula is not valid. From this fact, it was considered
reasonable to express das a random variable.

Chapter 6 is a general overview of this paper.
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