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The Reliability Analysis for Homogeneous Slope Stability
Using Stochastic Finite Element Method
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Summary

This study was performed to provide the design method for soil structure which guar-
antees proper safety with uncertainty of soil parameters.

For this purpose, the effect of uncertainty of soil parameters for slope stability was an-
alyzed by Bishop’s simplified method and Monte Carlo simulation(MC). And reliability
analysis program, RESFEM, was developed by combining elastic theory, MC, FEM,
SFEM, and reliability, which can consider uncertainty of soil parameters.

For factor of safety(FS) 1.0 and 1.2 by Bishop’s simplified method, the probability of
failure(Pf) was analyzed with varying coefficient of variation(c.o.v.) of soil parameters.
The Pf increased as c.o.v. of soil parameters increased. This implies that FS is not the
absolute index of slope safety, and even if FS is same, it has different Pf according to c.o.
v. of soil parameters.

The RESFEM was able to express the Pf at each element in slope quantitatively ac-
cording to uncertainty of soil parameters. The variation of Pf with uncertainty of soil pa-
rameters was analyzed by RESFEM, and it was shown that the Pf increased as the c.o.v.

of soil parameters increased.
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|
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6 b

|
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l
CALCULATE PROBABILITY OF FAILURE
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X (100) %

!
PRINT RESULT

print probability of failure

Fig. 1. Flow chart of BISMONT
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Fig. 2. Model slope and slip circle of FS 1.0

Tabel-1. Soil properties and results of com-
putation by BISMONT, FS 1.0

probabhility of failure
Random standard

. mean . . cov. case (Prs.s<ro) %
variables deviation i
After 1x10° Times
Cohesion 05 0010 002 1 47.253
(c,t/m?) 0100 020 2 49.914
internal frict 0400 002 3 47597
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(4, dogree) 4000 020 4 49.792
unit weight 155 0031 002 5 46.821
(e, t/m%) 0.310 020 6 49.444
all ‘
0.5, 7 48.182
0.02
G ¢7 Yt 207
all
1.55 8 47.667
0.20
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Tabel-2. Soil properties and results of com-
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il Probabilit
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CASE c 0.5
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Fig. 3. Relationship between iteration times
and probability of failure
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Tabel-3. Variables and their calculating
method

Variables
mean of 0y Oy

Using Method for calculation
Finite Element Method

standard deviation

Stochastic Finite Element
of 65 oy

mean and standard
.. Input Data
deviation of ¢ ¢

Monte Carln method

mean and standard- using mean and standard

deviation of s deviation of ¢ @, 0 Oy

- iteration times : 3,000

Monte Carlo method

- using mean and deviation
of o5 Oy

mean and standard
deviation of r

| INPUT DATA
!
FINITE ELEMENT ANALYSIS
get displacement & stress

!
STOCHASTIC FINITE ELEMENT ANALYSIS
get mean and standard deviation of

displacement and stress
!
I=1 to TIMES=3,000

g

- generating random number : 7, r I

- save random number !

| CALCULATE MEAN & SD OF z,, 7
|
| CALCULATE RELIABILITY INDEX

|
| CALCULATE FAILURE PROBABILITY |

!
| PRINT RESULT |
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J

Fig. 9. Flow chart of RESFEM
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Coefficient of variation 0.05 0.10 0.015 0.20
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Fig. 12. Model slope for reliability analysis
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