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Slope reliability analysis based on unscented transformation
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Abstract: The uncertainty problem of geotechnical engineering is one of the research hotspots in recent
years. The slope reliability analysis is a foundation. According to the principle of unscented transformation,
the analysis methods and implementation steps of slope reliability are given. Based on the existing examples
of the homogeneous slope and the layered slope, the rationality and applicability of slope reliability analysis
method based on unscented transformation are discussed. The results show that the reliability analysis of
slope based on the unscented transformation does not depend on the distribution types of variables,and this
method is convenient in application and efficient in calculation. When the slope with higher reliabilityis
analyzed.a large relative error is caused because the value of failure probability is small. Therefore, the
method should be chosen carefully. But for the slope with lower reliability Chigher failure probability,
P >7%) is more concerned in the engineering, the method of slope reliability analysis has better
applicability than the Monte Carlo method. Mean while, the relative error of this method is approximately

within 5% and the error fluctuation caused by the change of variable correlation coefficient is small.
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Fig. 1 Slope reliability analysis method based on

unscented transformation

133 2n+1 M ERFREFs W, WX s 5) FIFHAL
B E SR A SF 250 43 AR 2n+1 4> Fs 1933
BRI 7 22 B RUAE, W2 (11) ~ X (13) 5 6) R I
Stepd F42I) 2n+1 4> Fs {8,454 Steps 8B 15
FNRYFUE A5 BhaX (9) A0 H SR Fs 1935
BT 25 DA B T SE R AR 08 X (B 5 hr i 22
(R EED B3R I vl S BE SR bR B {EL, [RIRS, AT fi B
M 5 ] 5 BEHR BR 0 6 R it — 2B TR R A R
AR

2 BHISH
2.1 BRAHHEH)

B 1 AR )E B R BT T SR v
Bl 2, B 42 B IR S5O0 1, HAr A 257 0 1E
oAbl &gl Slide #4:, K H i 1L #) Bishop
PRI BRP H 55 45 AR S HOR R Y (E I Y
LA RPN 1. 165, %4 R A S Gk 1 T AL &
¥ 5 Cho'™ 34 (Fs=1. 160 JEH T,

20r (45,20) (50,20)
£10 (20,10) +E1 (70,10)
&
| AR
[C S35 172
v 7 7
R
8 0 1‘0 2‘0 3‘0 40 5‘0 7‘0 80
K RER/m

B2 Bt EEE

Fig. 2 Calculation section of homogeneous slope
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Table 1 Statistical characteristics of soil parameters of

slope in example 1

bk} 4 wE/ i J1/kPa FESEAR /()
T2 Nem ) MY % #iE U=
1 20 10 4 12 9
2 18 40 64 1 0. 04
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P BN 2R ROME ST B 25 R AR — 3, MR aR 25 7
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Table 2 ¢ point and safety factors in example 1

T o TR Fs
1 10 12 40 1 1. 165 (K {H )
2 10.4 12 40 1 1. 186
3 10 12.6 40 1 1.198
4 10 12 41.6 1 1. 165
5 10 12 40 1. 04 1. 165
6 9.6 12 40 1 1. 144
7 10 11.4 40 1 1.132
8 10 12 38.4 1 1. 165
9 10 12 40 0. 96 1. 165

R3O c o I RHBELE R
Table 3 Comparison of failure probability results when ¢

and ¢ of the slope are independent

ST KA P/ % AR 8/ %
FORM 20. 60181 4,56
MCS 20. 9019 5.93
ToIR A 19. 66 (30
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Table 4 Failure probability considering different

correlation coefficients

ToTRAR 4 MCS(50 000 YiiEE)

Ocp
Pi/% R Pi/% R
—0.9 2. 61 1.12 2.33 1
—0.6 10. 29 1. 10 9.32 1
—0.4 14. 34 1. 10 13.05 1
—0.2 17.15 1. 09 15.73 1
0.2 21. 67 1. 08 20. 08 1
0.4 23. 29 1. 08 21. 65 1
0.6 24.59 1.06 23.13 1
0.9 26. 38 1.05 24. 91 1
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Table 5 Statistical characteristics of soil

layers in example 2

BUR! A/ BRI/ kPa BESER /(O

+E S GNem™  BfE PR BE bR
1 18 38.31 7.662 19.2 0.035
2 18 23.94 4.778 1.8 0.021
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Table 6 Reliability index considering different

correlation coefficients

- TR A MCS 2]
(L2 1.2) B R B8 R
—1.0 7.357 1.16 6. 357 1
—0.8 5. 676 1.16 4,902 1
—0.6 5.017 1. 20 4,177 1
—0.4 4. 485 1.19 3.778 1
—0.2 4.108 1.16 3.543 1
0 3.733 1.12 3. 319 1
0.2 3.498 1. 05 3.322 1
0.4 3.428 1.13 3.035 1
0.6 3.161 1.12 2.823 1
0.8 2. 894 1.03 2.818 1
1.0 2.826 1.03 2. 742 1
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Fig. 4 Comparison of reliability indexes between unscented

transformation and MCS
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Fig. 5 Comparison of reliability indexes of two methods

0.6

under different safety factors
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Table 7 Reliability index under different safety factors and different correlation coefficients

e B/ROEHAEH) B/R(MCS(50 000 YKAHEE))

(tE1.2 Fs=1.43 Fs=1.32 Fs=1.20 Fs=1.10 Fs=1.43 Fs=1.32 Fs=1.20 Fs=1.10
—0.6 3.154/1.06  2.436/1.06  1.437/1.04  0.745/1.04 2.987/1 2.304/1 1.381/1 0.719/1
—0.4 2.910/1.05  2.214/1.05 1.344/1.05  0.694/1.04 2. 803/1 2.109/1 1.274/1 0. 664/1
—0.2 2.722/1.05  2.061/1.06 1.257/1.05  0.643/1.03 2.599/1 1.978/1 1.191/1 0.627/1

0 2.580/1.05 1.917/1.05 1.174/1.05  0.615/1.03 2.457/1 1.836/1 1.120/1 0.598/1

0.2 2.435/1.04  1.830/1.04 1.124/1.04  0.580/1.02 2.335/1 1.764/1 1.080/1 0.569/1

0.4 2.330/1.04 1.755/1.06  1.072/1.03  0.559/1.02 2.238/1 1.656/1 1.042/1 0.547/1

0.6 2.236/1.03  1.677/1.05 1.037/1.03  0.531/1.01 2.166/1 1.590/1 0.998/1 0.527/1
F8 I AERIIRIEIT LR AT SIS HTROR 18] B 20 000 Yk (B fe B UCED 1500 000 TRAYSE
Table 8 Time for slope reliability analysis from R EE S To R A 3 5 e AT B e )k, R
unscented transformation )5 12 18072 AR A L ST B G, ELISTETC B N
PP BEOEE AL SR R R 1Eh 8 GBALBEER 4 Intel (R) Corei7 ,CPU i
M 1] /s TR E /s TR /s /s 2. 00 GHzIHEHL 34T & R4S R sk 9 ir
1 0.16 22. 50 0.33 22.99 TNe AR AN AE X T SRR IS AL, TR
, o yo. 70 o s s ZEEOITIE P A, RO R X T D OB

(20 000 YAHAE) FNELE kG BE (500 000 WAHFE) 195

[FRE A AR RIS EAE X x4t iy R RSB B0 1 (X B 30 vh, JowRAS $6 ik H i
AT BN R ST E Y SRR ECA ¢, — T Sl T 17, 9% A1 58. 95 % . i X T AR 4 v i %
BEHEFT 20 000 W LA BOBLRIA Sk s, [Wmt. 4 (B 2D 0 Wk A8 4 vk I 43 0 b T8, 21 %
REUCBOM 2 TR BT B A RERS TG, By il IS5, 4600,

R9 IRRTHRMEFFFF T E I ERRET

Table 9 Comparison of calculation time and frequency between unscented transformation and Monte Carlo

TeR A 7 1 MCS(20 000 YCHliAE) MCS(500 000 YAHEL)
s TR AR /s FHRE R /s TR LA /s
1 11 22.99 20 000 28 500 000 56
2 11 30. 29 20 000 33 500 000 68
4 2B AT 5 (H X T TR v OG0 B 22 10 e 2R AR R

(P =70 W38 BT JCOR A 7 BT 25 AR X
D FETICRATR AT SEE TR TS 2548 5% LA, LA G 250078 16 5 /2 10152 24 O
{8 AHOH TS B 1 o A AL BERS W R TR0 NG AL

R TA n A ERBELL D) RE R B A 3 B O AR S B T T e A T
2n+ 1R T ARETXHIRR RAEA S6 A T T R 22 R A

DB BIEER B AEARK BRI (Pe<T00),  LHRLLR Q] 552 30 458 v 0K 8 (3 1) 30, 8 7 DA 4T
BT TR B LTRSS SRR 22 B8 5% LA b, SRAAEAE RSN o AT RIFE— L%
AIREPE T A R RS W R RO U, B 2L AR Y S T O R AR B sh 3 AT AR R A M
FEET R Ik n R RS S a2t 558,
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