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Reliability analysis for stability of loess slopes along
the northern edge of Bailuyuan, Xi’an

WANG A-dan, WANG Chang-ye, LI Ping, LI Tong-lu
(School of Geological Engineering and Surveying. Chang’an University, Xi'an 710054, Shaanxi, China)

Abstract: The sections of 14 loess natural slopes were measured along the northern edge of
Bailuyuan, Xi’'an, and then the geologic models were built. The parameters of physical mechanics
of loess strata in different periods were obtained by in-suit testing and collecting data. Monte-
Carlo Method and Duncan Method were used for slope reliability analysis based on the limit state
equation of Morgenstern-Price Method. The results showed that the stability coefficients of 14
slopes calculated by Monte-Carlo Method and Duncan Method were 1. 11-1. 41 and 1. 09-1. 33
respectively, and the slopes were basically stable-stable; the reliable indicator of slopes calculated
by the above methods were 0. 56-1. 79 and 0. 39-1. 60 and the failure probabilities of slopes were
3.4%-29.0% and 5.5%-34. 8%, respectively; the failure probabilities of 75% slopes were more
than 10% ., and the failure Likelihoods were high. The statistical results indicated that the
relationship between height and gradient of slopes was negative. The landslide shear crack of
most dangerous potential slip surface in the low-steep slope was high, and the failure probability

was small; when the height of slope was 50 m or more, it was high and slight, the landslide shear
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crack was low, the failure probability was high, and because of the deep stream trenching, there
was highest slope in mudstone from strata N,, and the stability was most poor. The stability
coefficients calculated by Duncan Method were a little less than that by Monte-Carlo Method, the
failure probabilities calculated by the former were a little more than that by the latter, so the
results calculated by the two methods were close. Because of the simple theory and small amount
of calculation, Duncan Method was more appropriate for practical engineering.

Key words: loess; slope; stability coefficient; Monte-Carlo Method; Duncan Method; reliability;
failure probability
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Fig. 2 Location of Bailuyuan and distribution of landslides



2012

106
s s 0.49~0. 58 0.13~0. 25,
3, , Q) 20~52 m; ,
Q) s 80 m o o Morgenstern-Price
(Q3) , 3~10 m, , GEO-
(N,) ) ) slope Monte-Carlo Duncan
o o 14 , L 11~1 41
, 60 m o 1. 09~1. 33C 3),
rel Duncan
— (T = 2= 2 4 (ITT000) s o/ 2 + . ’
5-6
& (I 5 s+ EEE] = ek oo+ ’ °
> Z
3 Z = F(X,,X,»X,)—1 (D
- Q :F(X19X29"'7X,,> 9X19X27"'9X“
N N N o
172m T ¢
’ ’ [N °
3 2 [N K-S . Dun-
Fig. 3 Strata structure model of slope in Bailuyuan . , (2) o
2 = p +o, l
c = p o,
14 , N 2)
) ¢ =y, to, [
2, 2 b e
SNy 50~
I : Frntts .
[1-2.30-35] , 9 3¢ NC N N
2 ¢ ’
° F‘:F = F‘((‘Jr 9#(;)
, (e (p)
Fo = F(c )
o o 3)
! F, = F(u ¢
Tab.1 Measured gradient and height of slopes in Bailuyuan F; = F(/,L( ’ g07 )
:F.\F_\F, .F, .
14 14 14 NN 2 4 o
39, 35° 77.52 m 0. 82 4 °
32.76° 41.62 m 0. 64 ’ m NN
36.43° 61.36 m 0.74 2" Xm ’ 2° Xom ’
2. 040° 12. 260 m 0.050 2° Xm HF Or o
0.06 0. 20 0. 07 HF OF B
m AF} 2
=B @
F
= (5)
B o



1 s 107
2
Tab.2 Parameters of model for different strata of slopes in Bailuyuan
77 55 38 26 16 26 26 58 59
40.0% 22.3 MPa 1. 450 47.0% 26.0% 80 MPa 0.32 83.0 kPa 30.0°
5.0% 14.0 MPa 0. 540 27.0% 13.0% 40 MPa 0.30 6.0 kPa 9.0°
@ 20.3% 17.1 MPa 0.942 32.3% 18.2% 68 MPa 0.30 30. 5 kPa 21.5°
7.24% 1.96 MPa 0.200 0 3.95% 2.49% 17.0 MPa 0. 000 17. 65 kPa 4.75°
0.36 0.12 0.21 0.12 0.14 0.25 0.01 0.58 0.22
58 42 24 13 4 21 21 63 51
39.9% 26.2 MPa 1.362 34.8% 17.7% 90 MPa 0.33 93.0 kPa 29.0°
6.7% 14.9 MPa 0.471 28.2% 17.7% 70 MPa 0. 30 0.7 kPa 11.9°
@ 19.4% 18.0 MPa 0. 888 30. 7% 17.7% 85 MPa 0.3 42.1 kPa 23.6°
6.69% 2.35 MPa 0.250 0 2.43% 4.72 MPa 0.010 20. 50 kPa 3.06°
0.35 0.13 0.28 0.08 0.06 0.02 0.49 0.13
13 14 5 2 2 1 1 12 11
28.4% 22.4 MPa 0. 869 28.2% 17.3% 84 MPa 0.30 90. 0 kPa 30.9°
13.0% 16.6 MPa 0.522 28.2% 17.3% 84 MPa 0. 30 20. 0 kPa 11.9°
@ 20. 4% 19. 0 MPa 0. 658 28.2% 17.3% 84 MPa 0. 30 57.5 kPa 25.4°
4.77% 2.13 MPa 28. 68 kPa 4. 98°
0.23 0.11 0.50 0.20
3 4 6 1 1 8 7
39.7% 24. 4 MPa 0.893 80 MPa 0.3 92. 6 kPa 35.0°
16.2% 16. 3 MPa 0.521 80 MPa 0.3 23. 8 kPa 14.2°
N 25.5% 19.9 MPa 0.664 80 MPa 0.35 54,0 kPa 26.7°
0.140 0 27.78 kPa 6.76°
0.21 0.51 0.25
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3 Monte-Carlo Duncan

Tab.3 Results of reliability calculated by Monte-Carlo Method and Duncan Method

m * Monte-Carlo Duncan Monte-Carlo Duncan Monte-Carlo Duncan Monte-Carlo Duncan
57.67 34.61 1.32 1. 28 0.22 0.22 1.50 1. 29 6.7 9.9
50. 46 37.41 1. 26 1. 21 0. 20 0.21 1.33 1.01 9.1 15.6
65.48 34.61 1.28 1. 24 0.22 0.23 1.25 1. 06 10. 2 14.5
75.58 36.33 1.18 1.16 0.21 0. 24 0. 87 0.68 19.0 24.8
71.91 39. 35 1.11 1. 09 0. 20 0.22 0.56 0.39 29.0 34.8
64. 14 38.61 1.16 1.13 0.20 0.22 0. 81 0. 60 21.4 27.4
72.14 34.71 1.23 1. 20 0.22 0. 24 1. 05 0.83 14. 6 20. 3
74.82 37.93 1.13 1.11 0. 20 0.23 0. 66 0.48 25.8 31.6
77.52 34.07 1.23 1.19 0.22 0.18 1. 05 1. 06 14. 4 14.5
54,37 32.76 1.41 1.33 0.23 0.21 1.79 1. 60 3.4 5.5
61.69 35.89 1. 25 1.22 0.21 0.22 1.21 0.99 11.0 16. 1
46. 41 39.13 1. 25 1. 20 0.19 0.21 1. 30 0.97 9.7 15.7
45,17 37.22 1. 30 1. 26 0. 25 0.22 1.19 1.16 11.6 16. 6
41.62 37.39 1. 30 1. 25 0. 20 0.22 1.55 1.16 5.7 12.3
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