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In analysis of slope stability, deterministic analysis which yields a factor of safety has been used until recently. How-
ever, probability of failure is considered as a more efficient method because it deals with the uncertainty and variability
of rock mass. In both methods, a factor of safety or a probability of failure is calculated for a slope although charac-
teristics of rock mass, such as characteristics of joints, weathering degree of rock and so on, are not uniform throughout
the slope. In this paper, we divided a model slope into several zones depending on conditions of rock mass and joints,
and probabilities of failure in each zone are calculated and compared with that calculated in whole slope. The persistence
of joint was also used as a parameter in calculation of probability of failure. A rock slope located in Hongcheon,
Gangwondo was selected and the probability of failure using zoning and persistence as parameter was calculated to
confirm the applicability of model analysis.
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Fig. 1. Flowchart for Monte Carlo Simulation.
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Fig. 4. Calculation of failure probability. f(Fs) is frequency
of safety factor and P(f) is probability of failure.
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Fig. 7. Histograms of safety factors. (a) Mohr-Coulomb failure
criterion is used. (b) Barton-Choubey failure criterion is used.
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Table 1. Mean and mode of factors of safety and probability
of failure in the model slope.

Mean F; Mode F; (%)
M-C criterion 2.30 1.2~1.4 5.86
B-C criterion 1.40 1.2~1.4 4.24
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Fig. 8. Distribution of safety factor in each section when Mohr-
Coulomb failure criterion is used.
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Table 2. Mean and mode of safety factors and probability of
failure in each section of the model slope.

M-C criterion B-C criterion

Section

Mean F, Mode F, (%) Mean F; Mode F; (%)
S 1 794 4.0~6.0 0.12 1.75  1.4~1.8 0.06
S 2 3.02 22-~34 045 1.54 14~15 0.80
S3 212 1.8~24 1.10 145 13~14 1.85
S 4 176 1.5~2.1 2.05 140 13~14 2.55
S5 1.56  14~1.7 3.15 136 1.3~1.4 3.75
S6 143 13~1.6 495 133 1.2~1.3 4.70
S 7 135 12~1.5 725 1.31  1.2~1.3 5.70
S 8 128 12~14 925 129 12~13 6.75
S 9 123 12~13 1190 127 12~13 7.70
S10 120 1.1~1.3 1515 126 12~13 885
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Fig. 9. Distribution of safety factor in each section when
Barton-Choubey failure criterion is used.
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Table 3. Probabilities of failure with and without using
persistence as input parameter when Mohr-Coulomb failure
criterion is used.

Probability of failure (%)

without using using persistence

persistence ), =03814 A=0.1144 A=0.0763

whole slope 5.86 0.00 0.63 1.33
o1 006 009 010

> 045 005 023 029
3110 003 036 052

4 205 001 043 073

5 315 000 043 083
seetion o 405 000 043 097
7 725 000 040 105

g8 925 000 033 1.00

9 1190 000 027 09

10 1515 000 022 090

Table 4. Probabilities of failure with and without using per-
sistence as input parameter when Barton-Choubey failure
criterion is used.

Probability of failure (%)

without using using persistence

persistence ) =03814 L=0.1144 A=0.0763

whole slope 4.24 0.00 0.46 0.96
1 0.06 0.03 0.05 0.05

2 080 0.09 0.41 0.51

3 1.85 0.05 0.61 0.88

4 255 0.01 0.54 0.90

5 3.75 0.00 0.51 0.99
seetion 479 0.00 0.41 0.92
7570 0.00 032 0.83

8 6.75 0.00 0.24 0.73

9 770 0.00 0.18 0.62

10 885 0.00 0.13 0.53
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Fig. 11. Kinematic analysis of slope.
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Table 5. Properties of discontinuities in slope.

set 1 set 2 set 3
Orientation 39/350 78/088 81/200
Spacing (m) 0.1~2.5 0.3~2.5 1~2.5
persistence (m) 0.05~5.5 0.04~3 0.07~8
Roughness (JRC) 3~8 3~8 3~8
aperture (mm) 0~10 0~15 0~10
filing material void/soil  void/soil  void/soil
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Table 6. Probabilities of failure with and without using
persistence as input parameter in slope.

Probability of failure (%)

without using  using

persistence  persistence
whole slope 2.13 0.000
Mohr-Coulomb upper 0.05 0.001
criterion middle 1.95 0.000
lower 6.85 0.000
whole slope 0.15 0.000
Barton-Choubey upper 0.00 0.000
criterion middle 0.50 0.000
lower 2.10 0.000
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