VO 22 B HURHE R 225 4 (B AR AR
J. Xi'an Univ. of Arch. & Tech. (Natural Science Edition)

552 45 A M
2020 4F 8 H

DOI; 10. 15986/j. 1006-7930. 2020. 04. 001

BRI R S A ERZMERZHR

IHEMR, B M, AR

(1. \RKH EARTHEERE, TR 4000455 2. J58 XK EREE b B K % B 14 B 58 05 86 & TAE ARS8 h 0, EK 400045)

Vol. 52 No. 4
Aug. 2020

/%' 19 X’J‘

WE: ZiHEZHENEW, SRR R EME, Lbr LA E - BEEKPFOEGXRE SRR, LU 2 35 A 6],
& ) Bootstrap 1% H € ST BT 9 JE S HUR LB G 3 ik, R Copula R R HT BT 58 BE S0 TAH G, WYL RE S
IR G AT R, IR AR R A RO T DUBT R SRR G AT R AL D MR T B s bR v 2 SR R KX
AR R AN, PRI B, TLISHEE 4 A R T AR RO AR, Hr No. 16 58 50 75 5 580k 28 A8 X
K, Gaussian bREBTHEE LA/, Copula MIALZE 5 bR HUIT 15 < BOME 2808 0 B AR S 488 v 5 BB 300 3 D ot s ) o o 1 4
& WA AR E %4 RECRE AW, 3 Je R B W N HEEIE T 05 I3 R ROME R BE o, 098G i 3G, Bl 0. 9
BEME RGN - N - BN R R, I EL SR 2 P R A o 10 KRR B T ¢ B R BURK.

KW Y, KRR, Copula B¥l; REZERE: BRAKTF; BEXME

hESES: TU4S TR ERG: A XEHS: 1006-7930(2020)04-0463-07

Study on factors affecting the distribution characteristics of
slope safety failure probability
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2. National Joint Engineering Research Center of Geohazards Prevention in the Reservoir Areas,

Chongging 400045, China)

Abstract: Affected by many factors, slope failure probability is not a fixed value, but a confidence interval
distribution with a certain level of confidence. Taking the infinite slope as aexample, the optimal edge distribution
functions of the shear strength parameters are determined by the Bootstrap method, the cross-correlation between
the parameters is described by Copula function and the joint distribution function is constructed. The influence of
the joint distribution functions, the slope stability safety factor and the variation level of shear strength parameters
on slope failure probability are studied from the aspect of distribution characteristics. The research shows that the
slope failure probabilities obtained by five joint distribution functions are similar. Specifically, the failure probability
obtained by No. 16 function is larger relatively, of which Gaussian Copula function is smaller, and Copula weighted
combination function is more accurate; With the improvement of the slope design control standard, the value of the
slope stability safety factor increases continuously, and the slope failure probability gradually decreases and
approaches 0; The slope failure probability increases with the increase of §,, and there is a tendency of “increasing-
decreasing-increasing” with the increase of §.; The slope failure probability is more sensitive to the internal friction
angle ¢ than the variation of cohesion c.

Key words: slope; failure probability; Copula function; stability safety factor; variation level; confidence interval
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Tab. 1 Test data of shear strength parameters
. R NEEA . BN WIEESM

¢/kPa o/’ ¢/kPa o/’
1 9 33 13 10 37
2 14 30 14 11 33
3 19 25 15 14 29
4 13 32 16 7 35
5 8 36 17 12 33
6 12 31 18 16 31
7 18 29 19 12 34
8 8 33 20 12 34
9 9 30 21 8 35
10 11 29 22 6 38
11 10 35 23 9 32
12 14 31 24 16 31
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Tab. 2 Five distribution functions, expressions and value ranges of their parameters
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Tab.3 Weight coefficients of the four Copulas

Gaussian Plackett Frank No. 16
AIC 1 —17.173 3 —9.919 8 —13.325 2 —0.439 4
NE R w 0.852 6 0.022 7 0.124 5 0. 000 2
2.2 AEBE ST 5B K U R A3 A, 3 BT 7R Ay T2 bR B PIT A5 3 3 J RE ZR Y)

2 4 & Gaussian, Plackett, Frank. No. 16 bagadR
FI Copula AL & eR BT 15 0 3 AR R pe ) 51
x4 ETHEEBEOHAYMFTERIWMESRIT R

Tab. 4 Failure probability statistics table with different distribution functions

90 V6 X ¥ 5 X 1) / 7% AR DX B/ 06 ¥fE/ % bRifEZE/ %
Gaussian (39.062 1, 42.863 2) 3.801 1 40.991 8 0.234 1
Plackett (43.255 6, 47.139 3) 3.883 7 45.012 3 0.278 2
Frank (40.198 0, 44.059 7) 3.8617 41.981 0 0.263 9
No. 16 (43.910 2, 48.004 3) 4.094 1 46. 176 2 0.336 3

DAL A ph (39.695 5, 43.336 1) 3. 640 6 41.532 4 0.187 2
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Fig. 3 Slope failure probability distribution with

different joint distribution functions
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Tab. 5 The division of the variation level of soil shear

strength parameters

A5 R K

7 K
FMEET MRS o
IS S 0.20~0. 25/0. 20 0.10~0.15/0. 10
B /NS S 0. 25~0.30/0. 25 0.15~0.20/0. 15
s 0. 30~0.35/0. 30 0.20~0. 25/0. 20
RS 0.35~0.40/0. 35 0.25~0.30/0. 25
KA 0.40~0. 45/0. 40 0. 30~0. 35/0. 30
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Tab. 6 Slope failure probability statistics table with different &,

A5 K 90 %6 XU B 15 X 18] / %6 BAE X 8 T/ % ¥IE/ % bR/ %
INAS S (25.923 2, 29.257 5) 3.334 3 27.445 0 1.127 0
B /N (30.879 8, 34.285 4) 3.405 6 32.020 0 1.155 5
rp A (39.088 3, 42.576 2) 3.487 9 40. 605 0 1.170 6
BRAS S (40.677 8, 44.203 4) 3.525 6 43.147 5 1.200 1
Je A (45.980 3, 49.694 5) 3.714 2 47.922 5 1.2215
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Fig. 5 Means value of failure probability with different g, Fig. 6 Standard deviation of failure probability
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Tab. 7 Slope failure probability statistics table with different .

A8 5K 90 Y0 UM A X 18) / %6 EAF X ) TERE/ %% ¥E/ % FrifE %/ %
NS (22.369 8, 25.053 1) 2.683 3 23.378 9 1.120 3
55 /NS S (25.312 3, 27.7819) 2.469 6 26.381 6 1.081 0
AR (20.901 2, 23.616 6) 2.715 4 21.942 1 1.191 0
RS S (19.992 0, 22.089 6) 2.097 6 20.620 0 1.045 5
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