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Effect of strength parameters statistical property
on slope stability reliability

Gui Yong'®, Luo Sihai'® , Deng Tongfa'?*
(la. College of Applied Science; 1b. College of Building and Surveying, Jiangxi University of Science and Technology,
Ganzhou 341000, Jiangxi,P. R. China;2. School of Civil Engineering, Guangzhou University, Guangzhou 510006,P. R. China)

Abstract ; Without comprehensive consideration of the strength parameters statistical properties, the slope reliability
index calculation value become smaller and the failure probability become larger, often more than 10%, which was
difficult to adopt in design. Hence, the foundation reliability norm’s formulate and implement made slow progress.
Take a completely weathered granite soil slope of an expressway as engineering background, and based on the
analysis of the statistical characteristics of soil parameters, the limit equilibrium theory and monte carlo simulation
method were used to systematically analyze the soil strength parameters” mean uncertainty, variability, correlation

and interval characteristics and spatial variability of impact on the reliability of the slope stability. The results
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showed that all kinds of statistical features of soil parameters had varying degrees impact on slope stability

reliability. The reliability index calculation value increased with the decrease of the sampling distance, increased

with the increase of the mean values of ¢ or ¢, decreased with the increase of the variation coefficientc and ¢,

increased with the increase of the correlation coefficient absolute value of ¢ and ¢, and the reliability index

calculation value became obvious bigger when interval characteristics were considered. The findings indicated that

variability was adverse to the slope stability and the correlation, interval characteristics and spatial variability were

good for the slope stability. Therefore, with accurate and comprehensive consideration of the soil parameters

statistical features, especially with the consideration of space variability and interval characteristics on the basis of

the consideration of parameters variability and correlation will be more in line with the engineering practice, and the

calculation results tend to be more reliable. It is advantageous to the adopt reliability norm and safety evaluation of

slope engineering.

Key words:slope stability reliability, strength parameters, statistical property, interval, spatial variability
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Table 1 Statistical characteristics of the strength parameters of completely decomposed granite
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Table 2 Working condition of calculation and results of mean value’s influence

Fh® T ¢ /kPa N @ /(D 7 [& X [i] AN X [H]
TR M ROkl M B2 BUME R B bk R LR S R R
A8 B RY% O RE B #MRY
1 14.1 20.1 17.1 2.6 16.6 21.5 19.1 1.9 0.953 —5.4 100.0 0.952 —4.2 100.0
2 18.1 24.1 21.1 3.2 16.6 21.5 19.1 1.9 0.989 —1.2 89.0 0.988 —1.0 85.2
3 22.0 28.0 25.0 3.8 16.6 21.5 19.1 1.9 1.026 2.9 0.1 1.025 2.3 1.1
4 26.0 32.0 29.0 4.4 16.6 21.5 19.1 1.9 1.062 6.8 0.0 1.061 5.3 0.0
5 30.0 36.0 33.0 4.9 16.6 21.5 19.1 1.9 1.098 10.8 0.0 1.096 8.6 0.0
6 33.9 39.9 36.9 5.5 16.6 21.5 19.1 1.9 1.130 13.8 0.0 1.129 10.9 0.0
7 26.0 32.0 29.0 4.4 12.6 17.5 15.0 1.5 0.881 —15.2 100.0 0.880 —13.3 100.0
8 26.0 32.0 29.0 4.4 13.9 18.8 16.4 1.6 0.941 —7.0 100.0 0.941 —6.2 100.0
9 26.0 32.0 29.0 4.4 15.3 20. 2 17.7 1.8 0.997 —0.3 63.4 0.996 —0.4 64. 4
10 26.0 32.0 29.0 4.4 16.6 21.5 19.1 1.9 1.062 6.8 0.0 1.061 5.3 0.0
11 26.0 32.0 29.0 4.4 17.9 22.8 20. 4 2.0 1.121 12.5 0.0 1.120 9.5 0.0
12 26.0 32.0 29.0 4.4 19.3 24. 2 21.7 2.2 1.181 18.9 0.0 1.180 13.9 0.0
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Fig. 8 Curves of the instability probability vs the mean values
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Table 3 Working condition of calculation and results of variability’s influence

F®I) ¢ /kPa NS @ /() % B X A N2 X [
T8
FRfEZ  BRFH WX BRAR ZERK RS RREME LERE TEMEEG KRR
1 0. 00 0 1.91 0.1 1.062 5.1 0.0 1.061 3.7 0.0
2 2.90 0.1 1.91 0.1 1.062 6.7 0.0 1.061 5.1 0.0
3 5. 80 0.2 1.91 0.1 1. 062 6.8 0.0 1.061 4.7 0.0
4 8.70 0.3 1.91 0.1 1.062 6.8 0.0 1.061 3.3 0.1
5 11. 60 0.4 1.91 0.1 1. 062 6.8 0.0 1.061 2.3 1.1
6 14. 50 0.5 1.91 0.1 1. 060 3.5 0.0 1.061 1.0 14.9
7 17. 40 0.6 1.91 0.1 1. 060 3.5 0.0 1.061 0.9 18.1
8 4. 35 0.15 0. 00 0 1.061 11.9 0.0 1. 061 4.6 0.0
9 4.35 0.15 1.91 0.1 1. 062 6.8 0.0 1.061 5.3 0.0
10 4.35 0.15 3.82 0.2 1.063 5.9 0.0 1. 062 2.4 0.7
11 4. 35 0.15 5.73 0.3 1.063 5.8 0.0 1. 064 1.5 6.2
12 4.35 0.15 7.64 0.4 1.063 5.7 0.0 1. 066 1.1 12.7
13 4.35 0.15 9.55 0.5 1. 059 3.1 0.1 1.070 0.7 23.7
14 4. 35 0.15 11. 46 0.6 1. 059 3.1 0.1 1.075 0.7 25.9
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Table 4 Working condition of calculation and results of correlation’s influence

FE I ¢ /kPa WEEHE A ¢ /(D } % JE X 1] A% EIX (]
T.00 - 5 . A5 5t )FH{: oA Al KA G4 Al K
T 2 i 2 £ B B
X4 X1 EX ik MR % B &R MR %
1 2.90 0.1 1.91 0.1 —0.8 1.062 6.3 0.0 1.062 5.2 0.0
2 2. 90 0.1 1.91 0.1 —0.6 1.062 6.9 0.0 1.061 5.4 0.0
3 2. 90 0.1 1.91 0.1 —0.4 1.062 5.8 0.0 1.061 4.3 0.0
4 2.90 0.1 1.91 0.1 —0.2 1.062 4.4 0.0 1.061 3.2 0.1
5 2. 90 0.1 1.91 0.1 0 1.063 3.3 0.0 1. 062 2.1 1.7
6 2. 90 0.1 1.91 0.1 0.2 1.062 3.8 0.0 1.061 2.6 0.5
7 2.90 0.1 1.91 0.1 0.4 1.062 4.0 0.0 1.061 2.7 0.4
8 2. 90 0.1 1.91 0.1 0.6 1.062 3.7 0.0 1.061 2.5 0.6
9 5. 80 0.2 3.81 0.2 —0.8 1.063 5.6 0.0 1.063 2.6 0.4
10 5. 80 0.2 3.81 0.2 —0.6 1.063 6.1 0.0 1.062 2.7 0.3
11 5. 80 0.2 3.81 0.2 —0.4 1.063 5.2 0.0 1.062 2.2 1.4
12 5. 80 0.2 3.81 0.2 —0.2 1.063 4.0 0.0 1.063 1.6 5.3
13 5. 80 0.2 3.81 0.2 0 1.063 3.1 0.1 1.064 1.1 13.6
14 5. 80 0.2 3.81 0.2 0.2 1.063 3.5 0.0 1.063 1.3 9.2
15 5. 80 0.2 3.81 0.2 0.4 1.063 3.6 0.0 1.062 1.4 8.7
16 5. 80 0.2 3.81 0.2 0.6 1.063 3.4 0.0 1.062 1.3 10.3
17 8.70 0.3 5.72 0.3 —0.8 1.063 5.4 0.0 1.065 1.8 3.4
18 8.70 0.3 5.72 0.3 —0.6 1.063 5.9 0.0 1. 064 1.9 3.0
19 8.70 0.3 5.72 0.3 —0.4 1.063 5.1 0.0 1.064 1.5 6.8
20 8.70 0.3 5.72 0.3 —0.2 1.063 3.9 0.0 1.065 1.1 13.5
21 8.70 0.3 5.72 0.3 0 1. 064 3.0 0.1 1. 069 0.8 21.5

22 8.70 0.3 5.72 0.3 0.2 1. 063 3.4 0.0 1. 065 0.9 18.1
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A AOFLFCREAMATHEATAIRAE T ERG IR 75
FE N ¢ /kPa MRS o /() ‘ % 18 X i) % X ]
T ) AR S ) RS *E% ey gk Kra UL ]k Kra
P ifiE 2 R ES 4 B B
£ £ £ ik 3% 2% EY4 TR R %
23 8.70 0.3 5.72 0.3 0.4 1.063 3.5 0.0 1.064 0.9 17.7
24 8. 70 0.3 5.72 0.3 0.6 1.063 3.3 0.0 1.064 0.9 19. 4
25 11. 60 0.4 7.62 0.4 —0.8 1.064 5.4 0.0 1. 069 1.4 7.7
26 11. 60 0.4 7.62 0.4 —0.6 1.063 5.9 0.0 1.067 1.4 7.2
27 11.60 0.4 7.62 0.4 —0.4 1.063 5.0 0.0 1. 066 1.2 12. 4
28 11. 60 0.4 7.62 0.4 —0.2 1.064 3.9 0.0 1.068 0.9 19.4
29 11. 60 0.4 7.62 0.4 0 1. 064 3.0 0.1 1.078 0.7 25.8
30 11.60 0.4 7.62 0.4 0.2 1.064 3.4 0.0 1.068 0.7 23.6
31 11. 60 0.4 7.62 0.4 0.4 1.063 3.5 0.0 1.066 0.7 23.7
32 11. 60 0.4 7.62 0.4 0.6 1.063 3.3 0.0 1.066 0.7 25.1
TR N WSO S 1T 1% = v A N 7 e 74 Rl [ N6
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