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Study on Reliability for Loess High Slopes in
Xiangning-Jixian Area of Shanxi Province
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(School of Geological Engineering and Surveying, Chang’an University, Xi’an 710054, Shaanxi, China)

Abstract: The sections of 7 representative natural limit state loess high slopes in Xiangning-Jixian
Area of Shanxi Province were measured, and the strata structure models were built; the optimal
physical and mechanical parameters of loess in the area were selected, and the variability of
cohesions and internal frictional angle of loess in different strata ages from 10 typical sites was
analyzed; 6 typical groups of coefficient of variation for strength parameters were selected, and
the reliability was simulated by Monte-Carlo Method, and the stability of loess slopes was
evaluated. The results showed that the variation of failure probability coincided with height of
slope, the failure probability of slope with middle height (49. 8 m) was high, but higher and
lower slopes were low; the failure probability was sensitive to height and gradient of slope when
the coefficient of variation was small, but it was insensitive when the coefficient was large; when
the height and gradient of slope were constant and the coefficients of variation of strength
parameters were small, stability coefficient was basically constant; but when the coefficients of

variation exceeded a certain limit, stability coefficient increased with the coefficients of variation,
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and there was nonlinear correlativity between them; the loess slopes in the area were basically
stable, but the maximum failure probability was 69. 3%, the average was 21. 1%, and the
proportion of slopes with 20%-30% failure probability was 33. 3%, and the proportion with
failure probability (=>30%) was 14. 3% ; reliability indexes were —0. 5-8. 5, and the proportion
of slopes with the indexes (<(2.7) was 88.1% ; for the loess high slope with about 50 m height,
if 30% was taken as the acceptable failure probability, the gradient of slope would decrease to
less than 45°, and if the acceptable failure probability was less than 10% , the gradient would be
lower than 34°.

Key words: loess; slope; reliability; Monte-Carlo Method; coefficient of variation; failure

probability; stability coefficient; limit state
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Fig.1 Locations of Measuring Points of Slopes
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Tab. 1 Position and Parameters of Natural Loess Slopes Measured
/m /m /(%)
0] G209 110°46'05"E 36°02'13"N 1196 106. 2 36.
® 11 km 110°34'12"E 36°02'52"N 682 88.9 28. ¢
® 110°40'57"E 36°05'00"N 884 80.1 35.
@ 10 km 110°45'14"E 35°56'25"N 842 60. 2 45
® G209 110°46'05"E 36°02'13"N 1196 49.8 55.
® 10 km 110°48'14"E 35°58'51"N 842 41.6 48.
@ 300 m 110°43'51"E 36°11'38"N 974 30.0 68.
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Tab. 2 Physical and Mechanical Parameters of Loess
92 92 92 92 92 92 92
24.8% 17.8 MPa 1.482 28.7% 17.6% 95.9 kPa 31. 4°
4.6% 12.0 MPa 0.739 24.0% 16. 2% 1. 60 kPa 12.2°
Q.‘i
9.2% 14. 2 MPa 1.094 26.3% 16.8% 41.2 kPa 25.2°
3.94% 1. 26 MPa 0.172 6 1.09% 0.31% 27. 30 kPa 4.23°
0.43 0.09 0.16 0.04 0.02 0. 66 0.17
536 536 536 536 536 536 536
24.9% 20. 2 MPa 1. 043 35.6% 20.3% 95. 40 kPa 35.8°
5.6% 14. 3 MPa 0.546 23.4% 16.1% 0. 84 kPa 2.1°
Q;
17.5% 18. 2 MPa 0.759 26.8% 17.0% 54. 30 kPa 24, 2°
5.58% 1.70 MPa 0.114 4 2.27% 0.77% 25.19 kPa 6.34°
0. 0.09 0.15 0.08 0.05 0.58 0.26
225 225 225 225 225 221 221
27.1% 22.1 MPa 0. 860 41.1% 22.6% 249. 7 kPa 40, 2°
7.3% 16.7 MPa 0. 391 18.9% 15.3% 0.8 kPa 4.0°
Qi
18.9% 20. 2 MPa 0.599 28.1% 17.4% 71.5 kPa 22.9°
2.85% 0.72 MPa 0.067 4 2.88% 0.91% 35.12 kPa 6.20°
0.15 0. 04 0.11 0.10 0.05 0.49 0.27
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Tab.3 Inspection Findings of Scheme Distribution
| Weibull Ds
(gecm %)
Dinax Dinax Dinax
c 0.127 7 0.142 7 0. 060 6
Qs 1.10~1.56 0.139 7
@ 0.1316 0.191 6 1. 000 0
c 0.063 3 0.105 6 0.048 0
Q2 1.33~1.75 0.058 3
19 0.054 4 0.1357 1. 000 0
c 0.064 9 0.106 2 0.054 4
Qi 1.46~1.94 0.090 6
@ 0.067 0 0.136 4 1.000 O
0.50 9, 6 (4, :
C 6), 49. 8§ m, 55. 4°
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Fig. 7 Relationships Between Stability Coefficients
and Coefficients of Variation for Cohesions

and Internal Frictional Angles
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Tab.5 Classification of Target Reliability Index
( )|« ) |« )|« )
3.7 3.2 2.7
[s4-35] 4.2 3.7 3.2
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Tab. 6 Comparison of Reliability Analysis Results References :
Before and After Slope Cutting [1]
[Jl. ,2007,20(6)
55.4° | 45.0° | 39.0° | 34.0° | 30.0° | 27.0° | 24.0° 719,
k 0.98 | 113 | 1.27 | 1.42 | 156 | 1.70 | 1.87 WANG Qiang, LIU Yang-shao, FU Xu-dong, et al.
A Pi/% | 69.30 | 1.30 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 Reliability Analysis for Wetting Deformation and
B —0.5 ) 2.3 | 42| 6.0 | 7.2 | 8.3 | 9.4 Stability of Sand Soil Roadbed[]]. China Journal of
k 0.98 | L14 ] L2s | L4z | Lo7 | L70 | L.&7 Highway and Transport,2007,20(6) :7-12.
B Pe/% 59.600 12,100 1. 700 | 0,200 | 0.020 | 0.010 | 0.001 [ 2 ] s
B —0.2 | L2 | 21| 3.0 | 36| 42 | 49 7. .2010.10(1) : 19-23.

k 0.98 | L14 | 1.28 | 1.4z | 1.57 | 1.71 | 1.88 LI Wei, KANG Haigui. Fuzzy-random Reliability
¢ Pi/ % 3.9 1 28.3 | 15.6 | 6.9 | 3.8 | 1.6 | 0.8 Analysis of Slope Stability[ J]. Journal of Traffic and
B —0.1 ] 06 ) LO | L5 | L8 | 2.1 ) 2.4 Transportation Engineering,2010,10(1) :19-23.

k 1.00 1.15 | 1.28 | 1.43 | 1.58 | 1.72 | 1.89 [3] , s ,
D | P/% | 52.6 | 30.6 | 19.6 | 10.9 | 6.5 | 4.3 | 2.4 .
B 0.0 | 0.5 |09 | L2 | L5 | L7 | L9 ,2008.28(4) : 27-31.
k 1.00 | 1.20 ) 1.3z | 1.45 | 1.59 ) 1.73 | 1.9 LUO Lijuan, ZHAO Fa-suo, HU Jiang-yang, et al.
E Pi/ % 50.5 1 33.7 ] 25.6 | 19.6 | 14.8 | 11.4 | 8.6 Reliability of High Loess Slope Stability Based on
B 0.0 04 07 09 LT Lz LA Residual Thrust Method [ J ]. Journal of Chang’an
k 126 | 1.55 | 1.69 | 1.82 | 1.99 | 2.12 | 2.31 University: Natural Science Edition,2008,28(4) :27-31.
F Pi/% 41.0 27.3 1 22.8 | 19.9 | 16.2 | 14.7 | 13.2 [4] ,
B 0.4 0.7 0.8 0.9 0.9 1.0 1.1 [J:l ,2010,37
: (49.8 m) (5):574-578.
, . WANG Xiao-qun, YOU Min. Application of Radon
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Journal of Chengdu University of Technology: Science
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