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ABSTRACT

The research work detailed in this thesis is mainly aimed at two aspects, i.e. (a).
assessments of slope reliability considering both deterministic and probabilistic
approaches, and (b). updating of slope reliability by reducing the contribution of
systematic errors. Currently, the determination of critical slip surfaces within a
probabilistic framework and the influence of systematic errors on calculated
reliability are areas requiring further development. This research addresses these

problems and provides appropriate and systematic approaches in these areas.

Four commonly used deterministic models have been employed in this research.
Difficulties in convergence associated with the original Janbu generalized method
have been addressed by the proposed modified Janbu method. The convergence of
the modified Janbu generalized method developed in this thesis is generally rapid.
Based on previously published examples. it is found that the calculation results are
in good agreement with those based on other reliable methods. An extra effort
made by the writer on the modified method is the determination of the position and
depth of tension cracks. The effects of tension cracks on slope stability have been
considered during the search for the critcal slip surfaces. Critical slip surfaces
identified without considering the possible formation of tension cracks are found to
be different from those identified when cracks are considered as part of the search

process.

Reliability framework for the consideration of inherent variability of geotechnical
parameters has been developed on the basis of the adopted deterministic methods
and the proposed probabilistic approaches. Two solution techniques for calculating
moments of functions of random variables have been employed (i.e. first order
second moment approximation and Rosenblueth point estimate method). Three

probabilistic models (i.e. lumped parameter model, local average process model



and multi-layer model) have been developed for assessing slope reliability. Spatial
variation of shear strength parameters of earth materials has been incorporated in

the last two models.

The simplex reflection technique has been used for the determination of critical slip
surfaces based either on the factor of safety or on the reliability index. Application
of the technique to the search for the critical slip circles has been enhanced. Its
extension to the identification of the critical slip surfaces of arbitrary shape has
been implemented. Based on the proposed optimization approach, this research
work back-analysed some documented failure case histories by searching for the
critical slip surfaces and comparing the calculated critical surfaces with the
observed failure surfaces. In the back-analysis studies, it is found that only one
pair of values of cohesion ¢ and friction angle ¢ can be regarded as reasonable.
This is the combination which leads to coincidence or approximate coincidence

between the observed failure surface and the optimized critical failure surface.

Based on the developed models and approaches, the case and example studies have
allowed a comprehensive analysis of the contributions of different uncertainties to
the location of critical slip surfaces and the evaluation of slope reliability. The
difference between conventional and reliability based critical slip surfaces have
been explored. It is found that a conventional critical slip surface is not always
close to the corresponding reliability based critical slip surface. Under certain
conditions the reliability based critical slip surfaces are much deeper than the
conventional critical slip surfaces; in other situations conventionally determined

critical surfaces are deeper.

In addition to the inherent variability of shear strength parameters and pore water
pressure and the intrinsic random measurement error, there are two systematic

errors involved in the evaluation of slope stability, i.e. statistical estimation error



and measurement bias. These systematic errors do not follow the averaging rule
and can not be expected to cancel out. They introduce uncertainties in the
estimation of the statistical parameters (mean and standard deviation) and thus
the evaluation of slope stability. However, these errors are not the inherent
characteristics of the natural world and czn be reduced on the basis of additional
information. In the case of slope stabilicv study, this information could be the
performance of a soil or rock slope. The performance (e.g. failure or success)
could be considered associated with each stage of construction or operation. An
approach based on Bayes' theorem has been developed in this thesis to update
slope reliability. The performance of a slope is regarded as a full scale field test
based on this approach. The approach provides new prospects for the application
of probability theory to slope stability analysis. It can be employed for a major
project at any stage of its construction or operation. The approach can result in
an enhanced appreciation of risk and reliability and may lead to significant cost
savings for a project. The application of this approach has been demonstrated for
modeling, analysis and updating of slope stability for both failed and survived

slopes.
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