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Limit state surface in strength parameter space and system reliability analysis

ZHU Yong FENG Xiating ZHOU Hui ZHANG Chuanging
(State Key Laboratory of Geomechanics and Geotechnical Engineering Institute of Rock and Soil Mechanics
Chinese Academy of Sciences Wuhan Hubei 430071 China)

Abstract A fixed slip surface is needed when FOSM PEM and FORM are used to calculate the reliability index
of slopes. This process may lead to underestimate of the system risk of slopes. To solve this problem a system limit
state surface in strength parameter space is defined to illustrate the new system reliability analysis approach. This
new approach is to approximate the system limit state surface based on the global minimum safety factor searching
process. Then the safety factors of the simulation strength parameters can be calculated by Excel. The system
reliability index can be obtained by statistical analysis of the simulated safety factors. A case study is taken to
illustrate the approach. The results show that the new approach can evaluate the system risk adequately and efficiently.
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Fig.3 Limit state surface in original parameter space between

system and a fixed slip surface
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Table 1 Input parameters of the illustrated case
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4 Table 2 Design of the strength parameters and the results of
safety factors
(ACADYS)
c/kPa o I(9 c/kPa o 1(9
1 0.00 30.00  1.156 0.00 26.54 1.000
GEO-SLOPE 2 4.00 28.50  1.454 2.75 20.48 1.000
Monte-Carlo 3 6.00 27.00 1503 3.99 18.73 1.000
7 4 8.00 2550 1528 5.24 17.34 1.001
5  10.00 2400 1550 6.45 16.03 1.000
( 1) 6 1200 2250 1567  7.66 1481  1.000
7 14.00 21.00 1576 8.88 13.69 1.000
8  16.00 1950 1584  10.10 12.60 1.000
9 18.00 1800 1587  11.34 11.57 1.000
10 20.00 1650 1584  12.63 10.59 1.000
11 2200 1500 1577 1395 9.64 0.999
G0 ) (70 35 12 2400 1350 1568  15.31 8.71 1.000
13 26.00 1200 1552  16.75 7.80 1.000
14 28.00 1050 1536  18.23 6.88 1.001
15 30.00 9.00 1511 1985 5.98 1.000
(20 25 (30 25) 16 32.00 750 1482 2159 508 1.000
20 20) (70 20) 17 34.00 6.00 1444 2355 4.16 1.000
18 36.00 450 1402 2568 3.21 1.000
7 ( m) 19 3800 300 1353  28.09 2.22 0.999
20 40.00 0.00 1194 3350 0.00 0.999

Fig.7 Illustration of the case study(unit m)
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Table 3 Comparison of the safety factors of mean value

1%

1 1.189 0.92
2 1.209 0.75
3 M-P 1.200 0.00
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Fig.9 Lognormal approximation of the system limit state
surface
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Table 4  Statistical results of the simulated safety factors

0.64 0.42
3.43 +00
1.21 1.21
1.13 1.13
1.18 1.18
0.21 0.21
0.97 0.83
5.16 4.25
P(F 1) 147%
V.= 0.177 (11)
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Fig.11 Statistical results of the simulated safety factors
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Table 6 Comparison of the results of different reliability
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