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Fuzzy-random reliability analysis of slope stability in anisotropic random fields

SHU Su-xun, GONG Wen-hui, WANG Jia, WANG Dong, YU Peng
(School of Civil Engineering and Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Spatial variability is the essential characteristic of the soil properties, which performs remarkable difference between
the horizontal and vertical directions. In order to improve the traditional fuzzy-random reliability analysis methods which
cannot deal with the spatial variability, a new method for slope fuzzy-random reliability analysis with reasonable consideration
of the spatial variability is proposed. Firstly, the mean values of cohesion and friction angle are described by the normal fuzzy
numbers and then randomly combined via A cut set theory at different levels. Secondly, the corresponding reliability index of
each parameter combination is calculated by the cooperation of finite element method and Monte-Carlo simulation under the
anisotropic random fields of soil properties. And then, the total reliability index at each 4 cut set level is obatined through a
mathematical method. Finally, the fuzzy-random reliability index of the slope is achieved by the weighted average method. The
illustration results show that the vertical-direction spatial variability has a more significant influence on fuzzy-random
reliability of the slope, and ignoring the sptial variability of soil properties may also underestimate the probability of failure
when the cohesion and the friction angle have great coefficients of variations. Moreover, the effect tendency of the correlation
between the cohesion and the friction angle to failure probability is insensitive to the spatial variation of soil properties.

Key words: slope stability; fuzziness; randomness; A cut set; anisotropic random field

IIf

o
B LT 3253 4 T A € i 2

5l =
LY TRE R AN E P R BB PR BB, X

LS B A AR SR, AFE L R

AT PTAEBE ST, L[] I 2% R PR AN o
PRI ZR 1A S0 o A () 120 RSO B P 02 3 3 A7 it
FET FASER) i~ AR 5 7 A0 BEASR] ANAA 52 P R 3R T
I, 2 RAIBEHIAZ B A BB AL A E TE I 3R . X
PSRBT — LR AR BB LR AE e AR
R —H, BT I TREREHLAN 5 P A E S A

BB, B P 2 5508 () AR ek 1 — e e
Pt Vanmarcke [RIBEHLIZRRO. 12 A G144
FIETHE ~, ZBARLEH 722, 5 Zdrikea . AHCR
ORI B0 AR REA L3 BRI SRR 1 S0

EEWB: ERARRARETH (51278217
Yt HE: 2014 -07 - 08



57

FPORED, A AR PERNLI T B S BEAL A) SE R BT 1205

{1 (TN 1 1R BRI PN UL I E L T
WP — MR LIS, — YR L
SRR 1 FPEBE LA, XA B,
(AL R PSR e e T i P A s 55—l
KSR AR IR S AR A £ T B LA
RAMETH R, (HREH I8 LS8 W A S A
KPR B AN JT 1) B AN, 453 5 R A
i RN, CREMEAMERE,  H XTSRRI
BRI B AT FE L, TR MAITE D 2

ASCR B G S BN AT FROCIR S, i —
Pl BE 18 -1k S B0 A1 AR S P K SR B L v e 1
VAR IR R e i M ) DA e o e e B o G i
L7 R S B R SN NI I ET R s
P LR FHZR 055 N JRE B 1y 22 1B KD AH A o S S A it
HUATHE LIR30 o

1 BEHIAEKRIE L
1.1 BEALIAB S HHE

Fﬁ*ﬂiﬁj{S(u);u eDe R"} T AR AW A a SCAEI
SRR EIBENIAS R R, A Hu A B &
o AT AN BN, FRAHN R BEN LS R — 4
al HERLIA . ARSI ) SRR L D O K
SP R B AN T 1) 43 = iR L -

H o RombENIA N 507 2, F o) RRBENLIALE
Yol Z NIRRT 522, 8 OGN k5

r%mzﬁ-, (1)

02
A, *(2) ARSI 228 7*(Z) WL
RAL R - R SO R T Z I PrfE . o<

r’(2)<l.
—YEREbLIA Y, s RS
5=ymzrﬂz)o (2)

b, s ABENUIAIEENTEE . 5 AT LU AR
SRR EASAR DG IR o /NI 5, A AR [ A T v
RN, AR P RN AN T ) LS
YAl —BELLN, RIS S, BUEA T
20~80 m [0, T EBTEH S, BEN T 2~6mZ
I‘Iﬂ[]]]O

FHEEAE B ANV A R, R 22 )P BAAAH 5%
FEJE ARG R Hdtiak . ARFEBEALI AR, AH G RR 2
AR Ytz gy o I YA G RR B AR FR AR
Ko iRk O] B R RR BT A BTG
PR B LA K AT S B R bR i AN KU, Ak
T8 I Ay ] 5 PR 415 250 e A A A R R

T
p(ty.7y)=exp| 2, |2 +-L | 3)
e {5353

A 7y 7y 230500k BERLIS 0 A7) s 22 8] R 2K A 2
HIE.
1.2 ZmERERENIZEE R

BEHLIA R T S A N BN A REAT T, X
AN FERR A BEN L B B W BN S EO AR
Jai~EE . Karhunen-Loeve 20808 196 FRol v
M [P Y7255 o B Jm S~ 29900 T Bl KA
65 €N 112 4110 W= N B 0 e 0 B2 7
YT B

WP 1 TR, 5 S S PEBEHLS S (1., ) TELL
(a,a,) WG OHEEHTEERIC A NIRRT

s, (ul,u2)= 1 a]M]/ZJ.aZMZ/ZS(uI,uZ)dulduz . )

H a—A/2 day,—4,/2
X, A4 H A, 53 5 R FETE B0 A 15w Flou, 7 1] L
SrIR IS

FOR, FTLLERS) S () AEAEREETELATE B 1)
RIS (), ) o XA BLTC R E- A I B T 224

33 (1) (LM, T (L.M,)

Cov(S,.5,) = YOV . (5)
A, L5M, G, =0, 1, 2, 3) [MRCmE 1T
B (LM LN L M, Rl KRB
T3 ZEAT IR A

125)

el
L t
— 4 Lo—le—B1—]
<
_ e
s

|
7 f =
il

o m
1 Fa S EMENIAN EERTH S T
Fig. 1 Local average subdivision elements in anisotropic random

field

2 IBWAEMBEN A R E ST E

ASSCI TR AL T 5 B2 Mt 7 ik ol 2 5
WIAERALH, LIS H IR T & S8 &
(MIRTEERE T AT B AR L] S IR SR A AL S A
WIBEHL AT SE FE A THROX 4 S EERR AU, i
FEVEILIE 2.
2.1 SHMEMBIELE

A TR (0 S R RAT R PE, R ATRE
BUE . ASCEHESHIOBRITE, PGB AL .



1206 a5 oE L OB ¥

2015 4F

H1 T 2 HOm v 22 (RO 0] 7T 5 B2 (52 N T2 40
PRI E ™ AL K5, AR DL S B I e
RORIAR A, IS B E AT A -

(x -m )2 i
eXp |:_ T.—f — eXp — 7
u (x) = - . (6)
1 —exp (— J
2

KA, m, 5 o, 52N B B x (1 (R HE 2
B3 BT, A (x) A, MR
0 [, o, ] o DK IZES A58 A ROREE 43 50

X, =m, —Gx\/—2ln{/1+(l—}t)exp[—§ﬂ » (1)
k2
X, =m, +0x\/—2ln{/1+(1—/1)exp[—7ﬂ » (8)

R,k (x) IR SHL A7 0.5<k<3, Hx (i
AR, kK.
(G )

| e g |

T

|

T E TR, B, #;U‘ﬁ%lzmjﬂﬂﬁﬂ)ﬁﬁﬁﬁéﬁﬁ
|

l

MABEAA RS EESRAGELESH
Z PR RENL T B R B R AT SR B AR

| £

S SELE 2 BRI TSR BRR 6 AR P

i<m £
&

SHABAEAn Ars oo s A BRER LI R BRI AT IR
3, BEZFERBEER P LA RO BEHL TSR BEF 47 5

2 JHIRIEHARE AT SR A AR
Fig. 2 Flow chart of fuzzy-random reliability analysis of slope

uz(x)
1
A
| ko —|
0 X~ My Xt X

3 IEZSEMERABE
Fig. 3 A cut set of normal fuzzy number

RO AR S A AR, 1T LA BRZ AR X Y
(PR DX TH] o AN e A TR A2 5 % IR A A DX TR
A% A ATE 1 AN TS, 2 S5
I

2.2 THESEEESFUEMEIIFTAEESR

PG 2.1 13RI 2 B BRSO M4
H (bR ZEAE), HmPLARITE (random finite
element method, RFEM) "] DL 145 411 25 50 5% 1) 5+
PEREHLE B XTI R A ] SEFEFRFR . RFEM s
BEHLIZ IS . AR 70iEF Monte-Carlo F3UAHSS & B
TE R —Fh i Ak ik, Foo b

C ARYE JUT S50, 23 b3 50 A FR ok &
R (& 4 (a))s

(2) A i R, AR L S5 4t
THRFIEXT BEH LA TR AR A . B R e R SRR
FIC RSTAH TR CH nT B S e RO A A BRI R
(IHEHAS ), R Ja - 38070 BE ML 2 Ok B AL AR 1
% (K4 (b)),

(3N B LA AR A A A L 2 B0 T A0 BY. (1) B
ot (B4 (o), ATHEIRITH . i+
PR BRARFIVERL L, A Mohr-Coulomb fH R HEN,
DA BR TG v AN SRR Ry i 3 R A ) s

(4) BB, (2) 1 (3) fEN 1 IR5E#EM
Monte-Carlo 48, AT N (N =20001°D UKIXFF (1)
B, AR ISR N, - N, 5 N L
(EIT AR D PSR (K R pr o i e 2R AR 5 T
SEFEFRRR IIRE I, OC 2845 BUAH MY (1) W] SEFEFRAR B

(a) HFRTTHHHEBE

(0) BEHLRFHERR T IR 87T
& 4 BEHLAHBRITIE TSR

Fig. 4 Analysis process of random finite element method



57 FADiN]

o A 1SRRI T IR BEHL AT S5 20 A 1207

2.3 2EE LR ATRE KRR

FIFF RFEM 153 8 A 4 b 2" Fh 2 50401 5 X212
WA AR5 By s B YRIMTRERESRRR{ B
By s e B VR, VST LA
ikE B, MR B, o SCHR[2145 th T —FE T 1]
AAERSIZ H BRI B, tHERIA

1
= " (B’ —B'. DB .
ﬁﬂ ﬁr;ax _ﬁr;in < ﬁmax (ﬂmax) ﬂmm (ﬂmm)+

\Egg{exp{—([ﬁSX):}—exp{—x]¥§) }}>, o)

KA Bl B B HIRLB > B s B
T KAB R /M

ML DX 1) HOE SN, 24 B Kk 5 1) 28
BLYCKURRE 2 I, S5 RAEIK T 3k %, N7 1
[ B8 K5 T R LS Y. BAR, R (9)
RRAER KA, B FIN B, 1545 BT
PLELION ZD

by b, LG 0y e 0, YRR ABEL
B BRI PR G S % 30R4D, 2
A ZARAE 110 KA B, 7T LB R AL A Uy T4
5

Pm = QI'IDfI' + Qz'sz'

.
+m+geﬂ=ZQ% . (10)
<

&AM AL, 7 0'=0,==0,"=12", It
I (10> FTRARE— &R
L( . N 1S,
Rfjﬂa+&+“ m):ygﬁo (11)
FHARAE B, £ BIAHN B,
2.4 HIKHOEREREN AT S
Wm AR A4 24, 0 A, H

2.1 5 ~2.3 5k T A4S B A A KT B
E’J%xﬁlwﬁi{ 2 0s Poys s By YRTRTEEREFRFR{ B, 5
Birs s B to HTHEEEIKEIEMER N, 1 4E
E%ﬁ%ﬁﬁ%%ﬁﬁﬁﬁ,ﬁﬂﬁmﬁ%myﬁﬁ
AN 0.7521,

E_R‘}: XT{Pf/U ’ f/12 y mm }ﬂfﬁﬁﬂﬂﬂti’]
G E U PRy e R
p APt BBt +AAMZ§&% )
T Ak S
e AT LA B 35 A RO BEAL AT SE P HRE B .
3 EfHnth
Bl 5 AN SR ) PO SR . LA R

Ji y =18 KN/m’; #1ERIH £=100 MPa; 144 L v =0.3;
RS ¢ HNEES @ 30 AR R, o 1
YIE m, =10 kPa, &5 R v, =0.25, @ ¥ HEm,=

, BRRHY, =03, BAKIE ¢ 550 bRt
WL, S m, 5 m, 9 TE SO BUBIRS L =15,
AR KB Eh T 6, =20 m, T EL IS S, =2

mO
x _QT_
i
! 20 | 20 | 20 |
R B m

5 YRR It E AR

Fig. 5 Computational model for homogeneous slope

HIHA RTCIEXTABEREAT I E M b, 1351234
W22 A Rk Fi=1.403. 25 8 FH2R )0 A EFE 1 1)
FOBIBEALYE, B 6 AR #EE KT {0.75, 0.80, 0.85,
0.90, 0.95, 1.00}, FIFIA SV T SEIL 3 AR
PUATHERE, S5RWEK 1, 2

F1 BEEKF LW RERER
Table 1 Reliability indexes on different fuzzy cut sets

eSS {EI X1k USRS
0.75 [0.298, 3.719] 0.922 1.166
0.80 [0.512, 3.891] 0.943 1.305
0.85 [0.734, 3.719] 0.955 1.432
0.90 [1.052, 3.540] 0.970 1.632
0.95 [1.338, 2.968] 0.975 1.851
1.00 2.108 2.108 2.108

=2 BN AT REETEER
Table 2 Results of fuzzy-random reliability analysis

AT EWIRES ATk
f//0 £/70
Ps /% Ps /%
0.75 14.05 1.078 12.19 1.166
0.80 12.65 1.143 9.60 1.305
0.85 12.38 1.156 7.60 1.433
0.90 11.36 1.208 5.13 1.632
0.95 10.64 1.246 3.21 1.851
1.00 9.95 1.284 1.75 2.108
ik 11.71 1.190 6.23 1.536

1A TRIAXE G GR 9 ABUT %
RO RN I3 /e SRS K T BT 5 b
MNRATTLLE Y, RIS 7245 20 AS R AR AR KT
IR TR B PR AR A A AT s R DX ) 1A
(T 5 AMEEEACE ISR s R bR+, 8558
6 MK BT SEREFRbR 22 80K, HAE 0.90 Al
0.95 1X 2 MREIKF FRAG I T 52 BEFR bR B Hh 3
FLSEAR IR IX R IIASCR IR 1 3 AE 548



1208 a5 oE L OB ¥

2015 4F

Y S NI E i Py e st

T2 TARSOEAL G T (REE LS
H 7 ) AR S Mk R BB AT P 58 B 2 M 738D 193
(I ORI AT FERE T B R . R, ARG ke
B KBy Po=11.71%, BORIBEHL AT 55
bk B=1.190; A L7 VL4 21030 30 R B3R Ky
F,=6.23%, BOMIBEALATSEREARAR A B =1.536; HIE#&
WA b, ARG AR B KBRS oK, AT
FEFRARIEI /N o 1K 2 B AEAL 33 AT ASOR B AL 7T 55 B8 20 A
M S B A ) AR S P S A A R S
3.1 KENTEE TR AR A RE AT S RO RN

BN ERAE LS5 0 A e B SR
2 o WG Bl RG] 1035 AR BEATL AT 5 JEE TR 5
TREFACT D sl 6, 5 T H ik Bhia oy i —ANA
A, B AMRIREK 0.5, 2, 3, 4, 5%, B30
ISR BEATL P 5 82 B 5 20 AR A i £ LI 6.

12- 420
—n— P —n—ﬁ
10}

18
< —" " 1.6 4
‘%" 6 < %
-ﬁ D\n u} o IE'
® u 4142
K 4l =
g
ol 12%
0 L Il L L Il 10

0 20 40 60 80 100

K FEBITEE o
(a) F3 ARSI P S B B K P35 3 05 2 A i %

20 ap  ap 120

10- I/./_./. -
8t

6

4l //

2L

—
oo

g
=

RGP /%
=
BURIBEAL TSR BESRAR 8

O0——wqn

| |
L
=
[ 5]

=
o

% 2 4+ 6 8 10
FHEWPFNEE oy
(b) 3B R T 5 8 e 2 B 38 3l v I 32 A i 4%
[ 6 i 33E B X AR R AL AT 52 B B S0
Fig. 6 Effects of scales of fluctuation on fuzzy-random reliability
K6, BEHBENEH R, A3 KRB
BN, BOMIBEAL AT FESEFRARFRAS, HAGIN (B 1
e P % . XL 6 (a) A 6 (b) ATLLURI,
SIS R SR PO PR SR ¢ b v ek N T X 7
FISEMAIZE KT K sh fu B = AR RS, XAk W A
LT 16 25 1) 2 S P 0 S SRS R AL T 5 2 PR S0 5 Ay
B, WG I M RIS P ERE LI AL

TS HCR AR e B . AT PRIAC AR BR T A
1] A4 75 SR FH — 4 B WL 37 B &% ) () 1k B AL 37 A5 2
I, EAL S G S B 1 T I 2 ) AR e
3.2 ST H N NIREMAREN AT E #9220

OBIFFHTBY 5 2 B0 S ) 3 AR B AL P &
FEPm, (REEREER 18 7 Ry, RN PR A1 AL e R
v, PR, 5 MKIRESE S 0.1, 0.2,
0.3, 0.4, 0.5, 7£5,=20m. O, =2 m &M Fit&iliby
BORIBENL AT SEE, 25K 7. & 7 PRI H T
ARG ITVE TS 45 R AL TE

60r  _a_AHEP —o—AEs 14
sol A MEGITEP —a— fegirik
- 3 Q
£ a0l £
30 O——0— =
E e s
K 20| ;5%
IOA‘/A_——A/:?A E:
g ———— & I
0 1 1 L -1
0.1 0.2 0.3 0.4 0.5
FBENERRHY.
(a) MHAINENL T B MR H A R A B2
60 [ —u— AP —0— KIXFHS 14
so T AP —o— fetfirisp
E‘\ E
2 40
e =
Sl :
o *\\\ =
B =
Kool =
=
10 %
0 /:/ L | -1
0.1 0.2 0. 0.4 0.5

PWEEERAZER R v,
(b) IR BENL AT 52 B B 3 BR R A 22 R AR Al 4%

B 7 ST REXBRAEMIBEH A S E R F2 0
Fig. 7 Effects of parameter variability on fuzzy-random reliability

K7 b, BEE DU RS HCR RO, 1K
YRR ZR I I, BORIBE L AT SE FEFRAR R AIG:  HA% 18
TS HUN A AR RN, IR A RSO AL
AR AR PR B DUBT 9 S B8 S AR MO K AR AL
EHEAYE. K7 @ 1, v, <04 I, gk
RN KRB, v, =0.5 I, AT 5
R BMERE R B’ 7 (b) W, v, <03 I, 65807
PAFRN R BRI, My, =0.4 1, A5
BRI, 2, =0.5 I, MEHITEEARL
T35 B R 2 AR 221K 29.49%; IX 3% HH 200 1
SR R A I AR B m L I R, AE
P 9 25 B e M ORI S ] e 2 AR A 3 AR 2K
RO, 13200 TRk vh g K. tkah, XJEelE 7



57

FPORED, A AR PERNLI T B S BEAL A) SE R BT 1209

(a) HE 7 (b)), i&n] LURIIAR N T 265 1 A8 4
DA R 1 T 7 S o) 2 5 AR i L ] 0 P 5 e B
.
3.3 SEUHEXRMX I ARREL AT EE RS0
AR BE )2 S H 2 (R 2 A A e A O
PRI 015 N B EE A IR AH DG X 22035 w48 B2 1 52 i
AR . TERIRE, FhER 15 W EEEE A 2 TRl RAH G
BH P, 1E-0.72~0.35 2 [0, EIXFhA A0
W ORIBENL A FERE (I m, B o, 235 A —0.6, —0.4,
0.2, 0.2, 0.4, #£8,=20m, 8,=2m, v,=0.25, v,=0.3
AN, SRRSO B AR 38 )7 1 S 35 (PO kil
BLnTSERE, 253 LK 8.

20 - 125

—n AP, —0— KIS
—A—AEGITEEP —b— G B
{22
15 S R
. g
. \ / |k
2 %>Xf//A '.%
i 10 -
7 / D\ {16 E
K 4}\ §
1 e 1138
0 l/u 1 ?\é\ 1.0
06 04 02 00 02 04
HREH ey

8 BTN MEEARIIERIEXHA R AREIPE AT S B Y R4

Fig. 8 Effects of P, on fuzzy-random reliability

Bl 8 v, IR T 55 N R Z IR AR R R BOK
IR RS A, RO B ML AT S FRAr . B
IR 18 VS B () A2 SR N A 28 K R R 2N
g L 2 s () AR S I A5 3 (0 B, (E R R
T UL N A3 BN R R 2 2R FRGE, IXRWIFE
IR 3E5 A JEEHE 13 22 TR KD A SR o S 2R B 4% R 5
TP IEAANSZ 1S HC (W) A S LI R

4 GipSEY

AR BN BROCTA S BRI S &, f2 i
— OB BRI BT T e L A T O TR
& T ZHUBIBELYE, M5 8 T S5 s A8 1k,
AETS 2 ELAR U IR RS 2 R o 514 50 A R

(D —JAEIUR, AR LS H A ) A2 7 1
AR BE B T 5 AR bR . (EAEHIBT 3R 2
BRI, A RS PSR 23 [0 AR A
FIRES m A ORI BL AT SEBERR RS, #9200 T
BT EE R

(2) e FLp I B AACT- B R, 2
BRI ORI B AL T e B A b s LT B St FL Xt
SRR B AL AT 52 82 1) M 8 KT K P3P

IR o

(3) HUBT SRS HE 7 A AUNIE K, B2 BRI
BB BE ML T SERE SR bR HL Y R A A SR L
bl IREE S AT IS TE

CAFHIR 15 A EEHE 1y 2 18] (K AH A T 3 2R 2%
AL 18D 5% Wil 3 R AR AN 52 1k 2 s () A2 S 19 T
o

SE K-

[1] YANG Kun, ZHANG Xin. Fuzzy random reliability analysis of
blocky rock-mass in slopes[J]. Journal of China University of
Mining and Technology, 2005, 15(2): 129 - 134.

(2] Bk, B, B e, A JBOBORIBENL AT SEE AT ]
A%, 2008, 29(12): 3437 - 3442, (LU Xi-lin, QIAN
Jian-gu, LU Long, et al. Fuzzy stochastic reliability analysis
of slopes[J]. Rock and Soil Mechanics, 2008, 29(12): 3437 -
3442. (in Chinese))

(3] Wb, FREE, $Ine%, 5 DA E BB LA BT
ATEEE AT 0], A TRE2E R, 2009, 31(7): 991 - 996.
(TAN Xiao-hui, WANG Jian-guo, HU Xiao-jun, et al. Fuzzy
random finite element reliability analysis of slope stability[J].
Chinese Journal of Geotechnical Engineering, 2009, 31(7):
991 - 996. (in Chinese))

4] = 9, PG A mE, AR LGB BEAL AT SE P T
PRI s A TEEE[T). A 2%, 2012, 33(6): 1795 - 1800.
(WANG Yu, JIA Zhi-gang, LI Xiao, et al. Fuzzy random
reliability analysis of slope based on fuzzy point estimate
method[J]. Rock and Soil Mechanics, 2012, 33(6): 1795 -
1800. (in Chinese))

(51 AR/, 2R, FGIIT, & 5 RBAHKBUBY 5 2% (] 42
FVE I A5 TE BE AR B AR BT BERL AT (0], e TR AR,
2014, 36(6): 1095 - 1105. (QI Xiao-hui, LI Dian-qing,
ZHOU Chuang-bing, et al. Stochastic analysis of ultimate
bearing capacity of strip footing considering spatial
variability of undrained shear strength[J]. Chinese Journal of
Geotechnical Engineering, 2014, 36(6): 1095 - 1105. (in
Chinese))

[6] VANMARCKE E. Random fields: analysis and synthesis [M].
Cambridge: MIT Press, 1983.

(71 WRER, J A TR BT AT ELe S N M. b
50 BlE R, 2002, (XIE Kang-he, ZHOU Jian. Theory
and application of finite element analysis for geotechnical
engineering[M]. Beijing: Science Press, 2002. (in Chinese))

(8] &F75t, FEICH. B IE SR M)A 57 Mk (K 1A S5 RO RE AL )
FEREIMITI). SR RHEOR AR (A AR B AAR), 2014, 42(9):



1210 P

2015 4F

93 - 97. (SHU Su-xun, GONG Wen-hui. Fuzzy random

reliability analysis of slopes considering spatial variability of

soil parameters[J]. Journal of Huazhong University of
Science and Technology (Natural Science Edition), 2014,
42(9): 93 - 97. (in Chinese))

(9] MgkaL, XIBLZR, Z#DUE, 5. %R S Her AL R
TS B T[], TRRHL AR, 2007, 15(2): 205 - 211.
(YANG Ji-hong, LIU Han-dong, QIN Si-qing, et al.
Reliability analysis of slope stability taking into consideration
of spatial variability of soil parameters[J]. Journal of
Engineering Geology, 2007, 15(2): 205 - 211. (in Chinese))

[10] RIH, TR, BB, LIRBENLIA N L3 e 5 Rkl
LA BRI BT 5 35[0, 5 12, 2009, 30(10): 3086 -
3092. (WU Zhen-jun, WANG Shui-lin, GE Xiu-run. Slope
reliability analysis by random FEM under constraint random
field[J]. Rock and Soil Mechanics, 2009, 30(10): 3086 -
3092. (in Chinese))

[11] LI Liang, WANG Yu, CAO Zi-jun, et al. Risk de-aggregation
and system reliability analysis of slope stability using
representative slip surfaces[J]. Computers and Geotechnics,
2013, 53: 95 - 105.

[12] ¥ i, 4 & BESECE AR WA KLY T
BENHTI. Wk KA AR AR R ERR), 2010, 25(3): 74 -
80. (PAN Jian, ZHOU Sen. Analysis of influence of spatial
variability on undrained slope reliability[J]. Journal of
Shantou University (Natural Science), 2010, 25(3): 74 - 80.
(in Chinese))

[13] GRIFFITHS D V, HUANG J S, FENTON G A. Influence of
spatial variability on slope reliability using 2-D random
fields[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2009, 135(10): 1367 - 1378.

(14] BEMEAR, 7 B, BHAWL &1 e LA R e 5
FEHTIN. A TR, 2013, 35841 2): 77 - 82. (XUE
Ya-dong, FANG Chao, GE Jia-cheng. Slope reliability in
anisotropic random fields[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(S2): 77 - 82. (in Chinese))

(15] IR, #K%E, Mk, 5 HESHCE R L

BoaT SERE oy M AR A SKBENAT BOTVA[T]. A H DR AR,
2013, 35(8): 1413 - 1422. (LI Dian-qing, JIANG Shui-hua,
ZHOU Chuang-bing, et al. Reliability analysis of slopes
considering spatial variability of soil parameters using
non-intrusive stochastic finite element method[J]. Chinese
Journal of Geotechnical Engineering, 2013, 35(8): 1413 -
1422. (in Chinese))

[16] A Bk, BWEHH, 2= . 8 LRSS ECE AR LA
YRGB W TL[T]. W R 22 25 R (L 22 R, 2013, 47(12):
2221 - 2226. (BAI Tao, HUANG Xiao-ming, LI Chang.
Slope stability analysis considering spatial variability of soil
properties[J]. Journal of Zhejiang University(Engineering
Science), 2013, 47(12): 2221 - 2226. (in Chinese))

[17] LI Ya-jun, LIU Si-hong, FU Zhong-zhi, et al. Comparative
study on different parameters of random finite element
models for an embankment supported by multilayered
foundations[J]. Chinese Journal of Geotechnical Engineering,
2014, 36(1): 162 - 169.

(18] BlifZE. gk rISEVE T K BEHLAT IOtk M), Jbst: L
BT HRRCFE, 2005. (WU Qing=xi. Structural reliability
analysis and random finite element method[M]. Beijing:
China Machine Press, 2005. (in Chinese))

[19] LIK S, LUMB P. Probabilistic design of slopes[J]. Canadian
Geotechnical Journal, 1987, 24(4): 520 - 535.

[20] #3CHE, KK, HeT DRI R S5 AL RO BE )
SEVERIRBE I, AL RS, 2007, 29(10): 1455 -
1459. (CAO Wen-gui, ZHANG Yong-jie. Study on reliability
model of fuzzy probability of underground structure with
interval-truncation  approach[J].  Chinese Journal of
Geotechnical Engineering, 2007, 29(10): 1455 - 1459. (in
Chinese))

[21] DODAGOUDAR G R, VENKATACHALAM G. Reliability
analysis of slopes using fuzzy sets theory[J]. Engineering
Geology, 1998, 49(2): 111 - 122.

[22] KRAHN J. Stability modeling with SLOPE/W: An

Canada: GEO-SLOPE

engineering  methodology[M].

International Ltd, 2004.



