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Probabilistic Analysis of Failure of Soil Slopes during Earthquakes
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Abstract

This study presents a probabilistic analysis of the stability of homogeneous soil slopes during
earthquakes. The stability of the slope is measured through its probability of failure rather
than the customary factor of safety. The maximum horizontal ground acceleration is deterimined
with Donovan and McGuire equation. The earthquake magnitude (m) is a random variable the
probability density function f(m) has been obtained with a use of Richter law. The potential
failure surfaces are taken to be of an exponential shape (log-spiral), Uncertainties of the shear
strength parameters along potential failure surface are expressed by one-dimensional random
field model. From a first order analysis the mean and variance of safety margin is caculated.

The dependence on significant seismic parameters of the probability of failure of the slope is
examined and the results are presented in a number of graphs and tables. On the base of the
results obtained in this study, it is concluded that (1) the present model is useful in assessing
the reliability of soil slopes under both static and seismic conditions: and (2) the probability of
failure of a soil slope is greatly affected by the values of the seismic parameters that are
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Fig. 1. Shape of rupture surface
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Fig. 2. Forces on a differential element along the
rupture surface
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Fig. 3. Geometry of the slope used in case study
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Table 1. Location of center

ho(m) 6,(%)
Mean 15 —30
Standard diviation 3.0 30
Maximun 25 - 40
Minimum 5 —20

Table 2. Statistical values of strength parameters

Statistical parameter C(KN/m?) 6(®)

Mean 10 30
C.0.V(point) 0.4 0.1
Systematic error(C.0.V) 0.3 0.08
Correlation parameter(m) 3.0 3.0

Table 3. Statistical values of pore water pressure

parameter
Statistical Pore water pressure
parameter parameter (Ru) Error(e)
Mean 0.3 1
Standard deviation 0.02 0.05
(0' :) 0.1
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Table 4. Probability of failure for various distances

between slope and point source(Korea)

Donovan 4
R(km) without ¢ 7:=0.05 0:.=0,1

1 0. 577 0. 600 0. 648

5 0.393 0. 420 0. 474

25 0. 085 0.093 0,103
50 0. 042 0.045 0,051
100 0.024 0. 025 0. 025
400 0.017 0.017 0.017

Table 5. Probability of failure for various distances

between slope and point source(Korea)

McGuire 2
R(km) without & 0.=0.05 0.=0.1

1 0.745 0. 801 0.874

5 0. 545 0. 580 0. 636

25 0.116 0.122 0.142
50 0. 050 0. 053 0. 055
100 0. 026 0.027 0. 032
400 0.017 0.018 0.019

Table 6. Probability of failure for various distances
between slope and point source(Northeast U.S.)

D s lNortheast U.S,

0.4

Donovan
R(km) without ¢ .=0.5

1 0.314 0. 364

5 0. 207 0.240

25 0. 061 0. 068

50 0.033 0.036

100 0. 022 0.023
400 0 0.016 0.016
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Fig. 4. Probability of failure vs. distance between
slope and point source.
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Fig. 5. Probability of failure vs. distance between
slope and point source.
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Fig. 6. Probability of failure vs. distance between
slope and point source.
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