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An improved fuzzy point estimate method for slope stability analysis
based on neural network

SHU Su-xun, GONG Wen-hui
(School of Civil Engineering and Mechanics, Huazhong University of Science and Technology, Wuhan, Hubei 430074, China)

Abstract: The fuzzy point estimate method can simultaneously consider fuzzy and random uncertainty in slope stability analysis. To
overcome the drawbacks of a great deal of computing existing in traditional fuzzy point estimate method, an improved fuzzy point
estimate method is proposed on the basis of artificial neural network. Firstly, the Latin hypercube sampling method and radial basis
function (RBF) neural network are adopted to establish a prediction model for determining safety factor of slopes. Secondly,
fuzzy-random variables, i.e. cohesion and friction angle, are transformed into interval numbers by the A cut set approach, and then
combined at each cut set level. The corresponding safety factor of each variable combination is obtained with the established
prediction model. Finally, reliability index of slope is calculated using the point estimate method. A practical example is analyzed,
showing that the proposed method is convenient and reliable to evaluate slope stability, and can be further improved to increase the
computational accuracy of slope reliability index by increasing the number of 1 cut set levels. For those slopes with 2-4 fuzzy-random
variables, as the proposed method is used to compute the reliabilty of a slope, the number of A cut set levels is recommended to be 25.
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Fig.1 Latin hypercube sampling of two variables
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Fig.2 Structure of single-output RBF neural network

A o) kR B R = TR R BN, KRR BT R,
(h=1, 2, ..., p) AIEKRN

2
R, :exp{—MJ Q)

2
20,

X €, 50, 2000 R, [FIAR 1 5 Bk B0 ) e A
TR | X —C||#FR X 5 C, Z IR GRS .

X BEJ2 BT TR N, 432 RBF A28 R0 2%
R4 i g

P
F(X)=YwR, (2)
h=1

Wid (1), (2), RBF &ML TN
) 1 X S N F (X)) IR
2.3 BIRERBK TR

TG, AR A AR ) 22 S HU0 0 AL
1 LHS y2H0RE, BURE AR iR JC20 2% FE Bk & $
S4T30 % 4 Z 01 RBF #48 R 25 Pl 5 7Y
(PG AR N T B, P AR R 28 BT UL OB A RIS Ay A5
BIBEHLAZ R ECH n (1) 12 15,



557

RPN A . AIBOREE AT IR 28 0 235 A B s A ik 2113

R, MRPRAHICTOR)E, A 35 mT BE IR T K
W FJH Morgenstern-Price (M-P) A [ -1
P S L S B AR Y 1) 22 42 R B

BJa, WNSEFEARTPBENLAIE 100 41, HTX
RBF #iZ B2 AT I 25, FHAR N IS E AN RBF
PR D 28 AT IR o 8 B . RBF M8 4%
IAHSGSHL, AT L IR AR ) 28 B 0 A A
HA S AR AR

3 ALREE M OB Al T

3.1 S ERSELRE

L RIFE TR IR N BE R A S5 S50 2 IR IE A
IrAT, MRS BIRIBENLAS i, AT IR A SR
PR ECIEAT IR :

exp {— (x _ f’“)z} — exp (—kz/z)

20,

py(x) = (3

1 — exp (—kz/Z)

X w 5o, 5000 x MEIME SFHEE: kK IES
BB S5 & s B TR S 20 BUE B 7E 0.5~3 2Z 1],

HRHESCHR[7], % o I IE 2520 A0 SR R HODOK
AL, G=1, 2, o m) IIEERI, XERXTE] X,
X, e A s 0

X, =M, —GX\/—21n[/1[ +(1—/1[)exp(—k2/2ﬂ (4

X, = M, +0X\/—2ln[/1[ +(1—/1[)exp(—k2/2ﬂ (3

D, x| f 0 7 2, A 10 2 ARE(E
%t n ABIBELAE B 2, 0 ORI T4
& A 2B RS . m ARKCT 08, 18
W m2 SR
32 AEET TSR

UV V703 4 RACTNBRON 2" B 28
EHATIH, AEIRD 0024 AL 3T A, AR L
[t 2" FhB LA, HIRATHE A, SLA
e FHII E(F, ) A5 % o (F, ) 4314

”
E(F,)=XPF, (6)
j=1
2" 2
o*(F)=2rr -[£(F)] ™

AU £ 2, W L B R R A R
B PONESE A MBERE, TR

Pj:%(l+§ilere,pﬂj (8
A p, ABIBEIAZ B x, 55 x, AR AR EG B,
15 2, 5 ERIIX A5 RN, e, =1, Fllle, =-1;
e, INIE S e, K1LL.

AL RERRECR Z = F, -1, M58+
PRIGE S A RER EIRT SEEFRAR AR A

_E(F)] (9)
ﬂi - G(F'S’ )
KT m DAFEKCFESE LIS G, RIS

BN 35735V AT LS 230 3 22 A R AU Al
E(F)FgJi %o’ (F) 55
> AE(E,)

E(F)="—— (10)

o*(E)~"—— [E(F)] (D
2.4
HETTAS SIS RES R R B
_E(F)-1
ﬁ—awn (12)

4 TRESEBI A

4.1 TREWMN

A7 1T LA T P T AT DX A R, LN XL
RIEAT FFHZTE BT H58 s VI3 o ey V)M R P L
Wi g 3 aafm OLE 3. WL, F14
P29 10 m, B2 1:1.2; 55 2 D2 5 m,
W2y 1:0.6; 25 3 AP =LY 10 m, FHILLY 1:1.7.
VISR ZURA AT, BASE N 40%~
60%, 153 A AL RO D Fide k) 1~20 em,
ZREMR, Toorik. WA LR R AR AR
Ky 0.5~72 m A& mYIE I )z ks o
Wb, A WAEREY,  JRUA S5 R G A IR,
TR R YOIR SRR mr D) )R 2 R XA T o
WS, AAMERR, SeRMERE . WA AR
KA B LSS R 1, RPA
B S) ¢ NN BB @, 5L S TIFE SR T e, TN
JEVESN @, IR IE SO BEN AL &, WA L)
FE v, F5m AL A IO Ty, YRR . Tk
FAHBILEE D R, AU s D3 A e e TR T



2114 Fer +

b 2015 4F

HEH =% /m

0 10 20 30 40
IR-HEE/m

B3 WL I
Fig.3 Calculation profile of high cutting
slope at Hengmenshan

®1 LSRG

Table 1 Statistical characteristics of soil parameters
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