16 SRR
Extensions to the generalized method of slices
for stability analysis
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Extensions are suggested to the generalized method of slices that is commonly used in slope stability analysis. It is shown
that restrictions exist on the assumptions used to make the problem statically determinate. In addition, a numerical p:mndue
has been developed to find the bounds to the factor of safety, subject to addi i of physical issibility. As
aresult of these developments it has been possible to produce a revised computer program that appears to overcome the problems
of convergence experienced by other programs in current use. Results obtained with this new analysis confirm the reliability of

several methods of analysis used in practice.

On propose des développements 2 la méthode des tranches généralisée qui est couramment uﬁlilecdlms]‘analyse de s_ubilltc
de pentes. On montre qu’il existe des restrictions aux hypothéses utilisées pour rendre le probléme statiquement déterminé. De
plus, une procédure numérique a é1é développée pour trouver les limites du facteur de sécurité compte tenu d'exigences supplé-
mentaires d'admissibilité physique. Suite & ces développements il a été possible d'établir un programme d’ordinateur qui semble
éliminer les problémes de convergence rencontrés dans d'autres programmes actucllement en usage. Les résultats obtenus
avec cette nouvelle analyse confirme la fiabilité de plusicurs méthodes de stabilité utilisées en pratique.
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Introduction

Generalized methods of slices are commonly used to
investigate the stability of slopes, particularly when the
section is nonhomogeneous. However, the problem is

ically ind i and ptions are necessary
in order to obtain numerical results. Several methods
have been advocated. For example, Janbu (1954, 1973)
made assumptions regarding the location of the point of
action of the interslice force and Morgenstern and Price
(1965) and Spencer (1967, 1973) assumed the shape of
the distribution of the inclination of the interslice force.
Sarma (1973) adopted the distribution of the vertical
component of the interslice forces.

A survey of th ly used methods indi the
following.

1. The assumptions made for the different unknown
variables involved in the equilibrium equations do not
result in much difference in the final factor of safety.
‘This is not surprising when considering that the various

[Traduit par la revue]

1967; Janbu 1973). Since only the shape of the distribu-
tion of one of the unknown functions is assumed, the
physical reasonableness cannot be checked until the
final solution has been found. The selection of the
assumed function depends to a large extent on intuition
and experience but may be guided by stress analysis.
Since we are basically confronted with an infinite
number of possible choices for the assumed function,
after performing several calculations we are still uncer-
tain if some relevant solutions are missing or not.

The purpose of this paper is to overcome the disad-
vantages involved in the currently used methods by the
following. i

L. It will be shown that restrictions that have been
ignored so far exist on the boundary values of the
distributive assumption. The search for the solution to
the equilibrium equations is then undertaken with a
group of assumed functions that are fixed at both ends.

2. A method of sensitivity analysis to explore the

of the d functi iated with

methods are based on the same equilibrium
and the unknown variables are interrelated.
2. The i ding any variable
are not unique. A number of functions which lead to a
group of solutions satisfying the equilibrium equations
may be assumed. Some of the solutions should be
rejected due to the requirement for physical admissibil-
ity (Morgenstern and Price 1965; Whitman and Bailey

physically reasonable solutions to the equilibrium equa-
tions will be developed. An efficient computer program
for this method has been coded.

With the help of these two extensions, the bounds on
the factor of safety caused by conditions of physical
admissibility can be found. The effort required of the
user is reduced considerably.
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[ Innovation ]

In 1983, Chen Zuyu and the famous international soil mechanics
expert N.R.Morgenstern together improved the Morgenstern—Price
method, which takes an important position in the slope stability
analysis field, and gave the analytical solution to the force and
moment equilibrium equations. This method completely satisfies
the force and moment equilibrium, in which the introduced assumed
function of lateral force of slices must be a determined value on the
endpoint; corresponding criteria are presented. The control equation
of the improved Morgenstern—Price method expressed in the integral
form is another well-known analytical method in the slope stability
analysis field. It is exactly the Spencer method that provides a more
concise expression (original method also contains the tedious
derivation of difference).

[ Influence ]

Achievement of this paper is extended to the active earth
pressure field, in which it removes the problem that the traditional
Coulomb's earth pressure theory is inapplicable to flexible retaining
structures (e.g. anchorage, support, cantilever wall), realizes Prof.
Terzaghi's idea of establishing a uniform active earth pressure
analysis method through bringing in moment equilibrium condition,
and overcomes the limitation of the Terzaghi empirical coefficient that
is still used in deep foundation design. The calculation formula for
theimproved Mrogenstern—Price has been officially included in the
Design Code for Rolled Earth—Rock Fill Dams (SL274-2001), Design
of Rolled Earth—Rock=Fill Dams and Design Code for Engineered
Slopes in Water Resources and Hydropower Projects (SL386—
2007). The internationally famous geotechnical scholar Prof. Duncan
introduces relevant research findings for three times in his state of art
pater published in the Journal of Geotechnical and Geoenvironmental
Engineering, ASCE.
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