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Abstract: The identification of critical sliding surfaces and instability mechanisms in layered soil slopes
is of great significance in geotechnical engineering. This research focuses on providing more targeted
reinforcement measures by examining different inducing mechanisms and triggering factors responsible
for slope instability, while also analyzing the failure modes and destabilization processes. A finite ele-

ment program was developed specifically for double-layered slopes commonly found in geotechnical
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engineering to study the evolution of stability behavior, critical sliding surface position, instability
modes, and failure mechanisms under different geometric conditions. The intrinsic functional relation-
ships between the safety factors F, soil properties, and geometric shapes of non-homogenous slopes
were derived. The study introduced the concept of double-sliding surface instability mechanisms and
critical strength ratios, and defined the critical transition points between slope stability and instability,
along with the criteria for identifying double-sliding surface instability. Additionally, the failure mecha-
nisms of double-layered undrained slopes were revealed, and design charts related to stability and in-
stability mechanisms were established. The research concludes that the calculated slope stability num-
bers and stability conditions closely align with engineering practice. The computational program en-
ables quick identification of potential critical sliding surfaces and accurate evaluation of slope failure
mechanisms, providing novel insights and approaches for the stability analysis of double-layered soil
slopes.

Keywords: two-layered soil slope; stability state; critical slip surface; failure mechanisms; critical

strength ratio; evolution patterns
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Fig.1 Three types ofiinstability mechanisms for a layered slope

MU B G (B, D), BUZ i i = 2R R AR L
FRAEJA 2 o - (1) 3R R AG, FARRAE 2 1 3l 5 aid 34
WA AT, BT AR 3 HE L AP 1 Ca) RO IR A
(2) 3B MG RS, ¥ 2l TS A 3335 M Ak 1 1, 4] 1(h)

IR s (3) IR ER 2 R A8, W sh i 5 L JZ A V), H
[ ip 2 0 T B i B R AR B A U B
WE 1) FrR . ZHECHOLT , 3 kR 7 b vl g
(5 Fof 7 1 7 2 22 o 6 R ) A AR AR

2 BUNELXRBEHERE

- R iR B S B AN 34 5 R0 Ak XUE N HE
K 3 3% 9 N T Y kR o A R E MRS M B i
NGRS A E SR N I L A4
SR R ASHE K B U058 B R R 1 oo NI 0,
REy R E AR v, Sl E KR bR
TR U T A b AR L R Y 5 S B
MR WA AHEK B VI3 ¢, =30 kPa; INEEHEff ¢, =
0% A H y=17 kN/m’; i KL i E=1X10" kPa;H
P b v=0.3. £ e RE P E S b ASHE K BY D) 5
JE (e, ) Bl AR T30 02 Bl 22 AR AR 11

AR SCHY 3 W BB A (B 2) 43 S R 4y, 12
KRR  HAHE KBS o, Mo, BN H,
RIFHEEARLZ, T2 RHEMZE  RESECH o Ml
@, FLOR P I AR A R b VR B P AR A D B 2
(DAE & S & E(H+H,) 58 E & EH
B EEAE) , A s 3 s o SR /e BY FUAE R
Foon BN ANIR] 2 Z 5RO AR A B A
QICE IR AA o/ (3K 4) B IR 0.2~3.5,
TERUZ AR HEK I, 78 e/ cn<<1.0 K L1 F 5k
R e, 76 TR R DL A AR5 Ml Ok XU A B, b
IR R A B8 KA 2R 2 ok Rl )2 0 VAT 0 34
o Mep/ca>1.0 0 FECTRER I YE 60
B AE BRI 4 B SRIBTA 1) R XL S SE PR T
R L, Z AR E P P e X B 2
DEASALE Bl 1.2~4.5, % A g B9 A8 AL [ g 15°
~75° (Bl cotp=0.286~3.732) . H 77 faf 4%, 3¢ W8 #—
8 ) O B I AE L B b, B S RS, s
N ol WE T 0.000 1, HIEAC EBR N 2 000,

QI
=]
P2 R TLAT R AN 1 1R 5 B

Fig.2 Geometry and soil parameters for layered slope model

=20 kN/m’, E=10° kN/m’, v=0.3
Ca 0.=0 o
Hahz

1023



R R R SR 2L I AR E SO Qo
(X 5), Rl FRTEHLH th 2 R AR AR )Z
REEH PRl TEARBUER I Q. S 1A I JL AT 45
ik (B A D) A2 AL i e KR, 1% 58 R U 22 4B 7 T34
W AR LIR35S 00 ) 1w 7 8 R i Bk

T AL B 2 (8] f BRI -
H, , . H+H,
D—?—l— 1= 0 (3)
Q=c./cu (4)
Qcm:f(COtﬂ,D) (5)

3 MWEBFRE SRR H

3 EHRAHAKIBBFEETHERR

P 3 g it AR R A PR DL B XUZ A ek 2
d Y. B 3(a) i BJR gk LR AL, TR
E 22 , BE R IT 42 0200 3 DL BR 5 B R oM )= %
JRAEG M N 3 AT )Tz, AN S oA R R ROR
W BUE Y ON BR R B, TR RE R
U AR R R ) Z o B 3(h) Rk R
N IE BEANGE A7, Bk R - i R IRZAE S N
ZiED I PN 3 s (F Y- 5 NI A - 5 S AL UB=S
VB 20 2500 5 I RORAR 2 120 mm, 35 A 3 X
A B 7, TR B 2R IR S SR ) O BRED o B A
JZ R, T A, s Ve S BE ~ I BDE A
¥o) o, BB 8 Ko WA E A R A
B JRER WP A

(a) B BCE R B85 (b) th- BT RAR £
ISR TER VW 4 0 =N S B e 1R SR 3 e S O
Fig.3 Engineering geological conditions of layered soil and

quasi-soil slopes in road and bridge engineering

R TR b TG 2% 1, O 45 & AR 00 )2 R AR i
IO — A 1 33 TR W 1] K17+ 420~650 1 A WF 52
XFG 30 3k Ay MR (1 KT B AR /N v B 8
E 4 iR W DAE N 1.2~2.0;5 ¢,/ ¢, B9 728 4k 38

1024

29 0.5 38 K % 3.0;5 B A MK IR B cot =0.268 (=

75°),0.6,0.7,0.8,1.0,1.2,1.3.1.4,1.5.1.6, 1.7,
1.8.2.0.2.2,2.5.3.0.3.732 (f=15") . JZRL YL
WL SRR L,

(a) EHE L FIEE T
B4 TR B K17+ 420~650 24k 20 3 A BR T 4>
Fig.4 Layered slope of the engineering section K17+420~

(b) JE AR e TLAT RS 25 o i 1 5

650 and finite element mesh

x1 BHEWENFSHE

Table 1 Physical and mechanical parameters of slope

TJE O EERiE/ HE/

HER /N e =¥ /m
#5110 kPa) B Genem )
Rz 1.0 0.25 20.0 18.0
H AR 3.0 0.30 22.0 AR Ak

3.2 BXIIEFREN AR ERYIER I E

R FH AT B T A8 3 XA Ak JS A B0 (8 AR R B AT —
RANBIEAE A . B8 D=1.2 %0 F , 3 ff Fism
PO A X 22 4 R S AR AN 1 5 TR . 2 D=1.2
i, FEM il Bishop 1& 1E J5 ¥ XF I 19 It 5% 5% 41 s
Qui=(cp/cu e ML FL A W2 2,

1.8}
16f
14}

LR

10} 5 %

0.8} ¥ % ~-cotf=3.000
, - om,’gza_m

0.6 - R S S T SR T A
0406081.01.21416182022242.6283.0

Cafty
Y (2) FBRIL I ik
; < cotfi=0.268
1.8F .
L6 =1
| R 7w o e ot o - 3 coip-l.
e B B - — e 1.500
Slaf e g ses ww s Gl
R % e amL s SR AT SRS SERE 2 So-2200
0B E S - < cotfi=2.500
~-cotf=3.000
o6F , . ...y e
04060810121416182022242.6283.0
Calcy
(b) BishopfE1E 773k

E5 D=1.2 K[ cotg 21 T i B i1 A58 B H e /e
Fig.5 Strength ratios c,,/c, at D=1.2 and different cot@



%2 D=12.FREcot X R Q.. &
Table 2 Q. values corresponding to D=1.2 and different

cot
o8 Q.. =(c/ )i Q‘.m. =(C/ o)t
(FEM) (Bishop & 1E)
0.268 1.0 0.8
0.6 1.0 1.0
0.8 1.1 1.0
1.0~1.2 1.2 1.1
1.4 1.4 1.2
1.5~3.732 1.4 1.4

i P 5 AN 2 a0 BRI L I R RS
cot@ 3 Kz Wi . 24 D=1.2 8, FEM M Bish-
op & TE ¥ h & A 1R 2 B B 09 % 47 Ry th BLTE A A
B ¢/ e LEAE AL B3 fA AN [6], FAE 1 5% 97 AN ] o
AN cot 77 Az A [m) B I 5L 5 B2 b, 300 35 B i i
FLnw B (H Q. B /DN 2 BE WE 3 3% cotp =0.268
(B="75) B , X} W ¥ Q..=1.0(FEM) , Q.,=0.8
(Bishop) 5 cotd =0.6~0.8 B , X B # Qu—1.1
(FEM) , Q..,=1.0(Bishop) ; cotp=1.5~2.5 J&: % *F-
NP, XML Qi (FEM) =Q.,=1.4(Bishop) .
& 5 5%F L, Bishop & 1E 2 X W 9 1ifs 55t 58 B2 L B W
/NTFEM W48 . AT s 7T 4] 87 i3 Bishop 18 1E 3
FEM 3P 45 Rl T OR 57 o PR 5 ¥ Fo ML 4T A3
By 45 R AR AT, B — B cotf 5 Qu ZIH]
SOIEAH S B Q. 1 KB 1.4 1], cotp Y3 K
XF QuAE AP A0 . Al WL X T D=1.21
T e R S5 A s B b B 2 5 R LY B )2 0
e i1 4026 B S8 ) R R LR Hh VR 2 R RSB IR E

T, A5 % F Pearson FRAE AH 5¢ 22 03k (k) X
5 PR B b (D=1.2) & T 5 &t (3 A 0
LA FRAZ BB R M & 17 mH )y RS 15
F Fs 5 (cw/cn ) Ml cot p 2 [R1 M K- B Bt 14 AH ¢

2B BE s Fs Ml (cup/cu ) B9 Pearson AH 5¢ 2 %I
k,=0.868, Fs#ll cot B 1] Pearson A3 R % £,—0.753;

IKF By B 2 Fs fl (co/cu ) B Pearson £ 3¢ & £
k,=0.139, FsFll cot B i Pearson #H 3= & % £,=0.999.
HE— 20 Hb X B K 6 A5 B Y K a5 R AT 2
TCE M RTA 53 B Al 22 To 4 P Rl VA AR Y Oy

yo=a,t @y, T asxs o+ auxy, (6)
A, o B, B as, 0 M ay s 2o, 205, 00 K
A AR IS y, 3 1 O B AL E Rk x0T

VA5 R 02, v, 5 H A8 S 3[R AR B 5 B 19y, 19
S R O =R 1 QT S R+ v R e ST S A U
AR B F .

WA 5 v A B Y B R g g5 R B T
(cu/ e ) Fl cot B X Fy ) — > 0] 5 K 27 A Y 5 o X
K 45 R A — oo Bl 53 1) 10000 £ P A K F- 9 By
By a5 i, Rk Ak

L EBT B
Fs=0.208(c,/c, )+ 0.603cotg + 0.125
R*=96.26% (7)
TKF- B B
Fs=0.002 2(c,,/cy )+ 0.316c0tg + 0.7
R*=099.85% (8)

PIA W REYI KT 95% , K4 2B B il &
By 1 5 8 S S PR A R e 25 R AR F W A . A
Jr R BT )2 8 B L RN B AR TR I AR L AE
(Con/ ot Do Z T SR H ] 52 1060 20 2 0 RS Pk, BLAGGR T
(co/co) M cot pTEL M KM Be L& R 8. #
(co/ca)>(cwn/ e, BEII Y T 2 4 058 B 485 B,
TE D RG E VE 3 B P A 1 o X o By 520 o

3.3 DX IEFRER A RKBHIEBHZITNE

AR AT 5T VR B L D (8 0 3 3 R E R S
I SR ARHLI A B . 2 cot p=3.0, %% D AE
AR FobEZ AR A LA W] 6 TR o AT LA
F B D {E /) 38 K& 808/ | b5 78 A Q. 5% Bt
b FE AR B R K Fe=1.65. AR D
(B X BT AN [) 0 2 47 A, D B R, Q. fB i
K,D=2.00}, e K Q.=1.8. ¥ ¥r s Azt
2R3 43 % 7 1) 2 TR 2 S R LR, L SR L A 2 [ st
e SR HUZ AL Z W 6(a) R o I BT N
A7 3118 KO- 2358 43 % TR 2 R R IR, kA R

Il AT A

O

MR E SRR

(@) A SRR

0'50.4 016 DI,S lfO 1I.2 |.I4 1I.6Ill.8 ZI.O 212 2I.4 21.6 ?,I.S 3.0
Cal Cyy
K6 A DESFMT FosScn/ca MR
Fig.6 Relationship between Fy and c,,/c,; for different

values of D (cot f=3.0)

1025



I Il 54 9 20 (A S 2 2k a6 () s o 7R
QoAb B I FE 2 R AL B 2 XU sl 1 2 AR, A Il A
RSN o ES N A  2 w =
WL E 6(b) FiR o

K7L D=1.2Fcotp=1.2 HH| ,B/RT c../cn
XF 301 3 W 5 e RS L3 A 5 e AL o T Il S e R
o Qu=1.1, 0 f co/c<<1.1 135 1Y 2 Ba AL B M ¥
20K, ol S B 5 R AR YT AR A2 0 A
FEBY L W 7 () BrR o TR)ZE R RS Bl AL B
R B I AR AR B 8K, i 3k i s e AR s
4 0.95, /NT AR R AR, A AR R RN . B 7(b)
2 Il FE 5 L Qo XTI 118 B3 2 T I 5 R L,
7] — A~ 33 44 P St 3002 b 6 22 (] e o R v )2
WM KR, ENMEeRENE TR
M4 Z2E01.00 Men/ca=>11CE 7(c)) B, i3k
FA) Il 5 T 2l T 7R S 302 0 R A 3 RO TR E R
Fa LI, 22 4 22 B0A Bl 5 B T 1S RO P4 K fE e
F—1.02,

H R
(a) ¢, / €,=1.0, F=0.95
TS LI
| (b) 0..7¢,,/ ¢,=L.1, F=1.00
sk HEE

(c) cn/ c,=1.4, F=1.02

7 ] QX N Ay i sl i K R RS ML (D=1.2, cotf=1.2)

Fig.7 Slope sliding surfaces and instability mechanisms for
different Q (D=1.2, cotp=1.2)

SEIR T i 3k g Fa AL R Bt % 1 8 2% 1k 1) T Ak
UL . FEBE B Y 2 W0/ ] | 1035 0 G AR L B Ak R
R - Bl R — XU Bl 1 2 e — 5 A A B TR
JE R T 8(a) i i v )2 B I R AR A A A IR
B M AR R i M 5 24 p=135.54"1F | F L 2 H BLF S B
i ) AR B Sl RO T S AR IR, W 8(b)
Fiw s 22 R AERZ R AR et R, B

1026

Z R 53U BEIZ K F(E8(c)) , L4 5 X
BRL1OIA[ 13 A BF s 451 MM 4 .

EdEe S

(a) cotp=1.3 ( f=37.57°), F,=1.09

.......
e,

BUbG TS highN

(b) cotf=1.4 ( p=35.54"), F=1.12

——
—
—
—

—

--._‘.\
~

iﬁﬂﬂﬁeﬁ&ﬁ{;.
(b) cotf=1.5 ( #=33.69"), F.=1.14
K18 AIal cotp X i Y ¥ 2l i S RESHLEE (co/cq=1.2,D=
1.3)
Fig.8 Slope sliding surfaces and instability mechanisms for
different cotg (¢,,/c,=1.2, D=1.3)

4 EHBIHH

James Bay 7K L 35 7 F i & K kb 58 4 75,
AR T GE8 2% 48 v R K 9IRS 75% o James
Bay 7K Ha, ol 1 4 5 & S9UF1 K 2y g 215 Ji , K B ik
125 km, KEDKPE S HFLE T 8 1.56/4m’. =&
LT B 4 2 AR sUHL AL, K T B 13 520 km?’,
AR HL 10 282 MW, i #% 4 Hl T AR 10 400 km,
James Bay H& 30T 8% 3% i1 4 it 75 7 505 5 1 4 A
b3 K LR 50 km B S I, 7E TR (8] U
SR e L) R b AR LB A A . AT IR U — A
LA B SR IR A e, G B 9 BraR o IR RN AR T
PRI KT Bb M R OB AR, B ER
THiE L, =0, KR ILZ A AHAK R vE L2,
©,=0, J.T. Christian %4 £z Se X} James Bay 32301
HAT I RS RMRNE 2R R

=41 =0 y=20

100 120 140 160 180 200 220
HEHE m

K19 James Bay 330 ) 1 15 i

Fig.9 Cross section of James Bay dike

40 60 80



1.45, ¥ shim B I, M.J. Duncan 285\ Ryl
S At AR B SO W 8 10 2E 47 430, A5 201 /N %2
4 3B LA B SF A O k T0I f [BSICE  T fIG
Rz,

X} T James Bay J& 3, A SCR FAS [6] 19 5 25 X6F
L6 B 4 BT, % BR S 5 7 95 ok F SLOPE/W it
Bishop & IF J7 ¥ 19 & AR HE R AT 0H 50 1 F 50 )5 1 45
RAE 10(a) fim . RN ER/NER2ZRZREF N
1.331, W 82 — 2 &R Ha 4, g shiiE
b 35 22 AH 22 A 4 AS RN B BY AR o AN T R , A BR T
D7k 5 A S A I A 22— R O T AR AR I A
W sh i A AR AN A7 B . T.M. Duncan 45 FH R
GRS RS EL R e W 7 7 4 VIE |4 i i T
i BR IT 8 A4 Phase” 153 21 1) 5 U1 5 48 55 {8 2 = & 4
K 10(b) FT7R o B U1 0 A8 2= P A B B0 2R AR IX 3 1Y
TE MR 5 40 B SF- £ 35 (0 T IR 3R 3 #2300, (R4S B Y %2
EREF=1.26, /NT IR )7 %19 1.331,

(a) R HSLOPE/W 41 HrJames Bay b2 H1 1% 3 2h
SRF=1.26

o
(b) 3 FilPhase*4}Hi James Bay S35 % = A
10 James Bay 35 1A % 7 it

Fig.10 Cross section of James Bay dike !

D.V. Griffiths™ | A.S. Pooya ™" 4§ 3A Ky 24 [ &
SR [BDE W 2l i 9 TE 2 ) 35 A AR e v R h
Yerbr, BB S8 S RO 2 AT BRI
W, SR AR SC TSR P #4712 47 43 B, 45 3 James
Bay 3 WU i 5 18 2l 1 AL 1) = B an & 11 s
A 83 I ¥ 2l T R 1 B /N A RAEF(1.27) /N Tl
PRV )7 v 9 25 58, JF H 5 Phase’ nY 4% 4 2 %0(1.26)

11 1
SSSs
| T T 27 [T

(=) SEHUEFSHLER

(b) F BRI R 1) B
E 11 James Bay 52 A7 B 7 2k A2 WL EE A AL 1) 34 4]
Fig.11 Instability mechanisms and displacement vectors of

James Bay dike

A8 230, i 0 B AR [ AR M o B8 3 OR [
J2 22 0] S5 55 B AR AR SR OB i 5 R RS AR U0 TR
ERE

i 1 James Bay $& 31 1% T8 52 491 56 i , % B 7F
X2 B T B R R E Pk Ay B b R ] 2 Z TR B
5 2 B Al 150 PR X 300 AR E PR A B T B
HIERAAEHE EZER 2. R A S48 5 3k
SR Sl A 5 VR R ISR 2 A R ML) HL A AT A
F4 52 W 4R 759 B I e /N A RBE ST O RS L A
LT A 0 i S T AR IR AL A T AR
JEPEVEAN Hh Y E

5 & i

W& 7 T XU Bt e, HLRE % b sk i
B F R TR 5 s 05 T AE B B OBUR £ A
S R M 2 |l SR8 Bl T Y 07 i % O AR L B Y
PR s #7185 4 J= 55 30 2l T A SR L ) 2 1)
06 F 5 T AR B BOBUZ 12 B 60 i B B LEAE
(Cun/ Car Jens BIFFE T LI TE 255800 N AR P 60 AN iR
KBRS E MRS R AAHLIL B AL I 1 52 e BL A
FEEWT

(1) 7ERZ Wtk b, s 2 i 2 i £ A,
T Bl A A T TR IR T R/ B B B AR A
B 15 TG 1 4R BT 9 VI T 09 X i s AR A

(2) X FRUZ AR A HEK 2135, 52 T i 3¢
5B E LU (cpo/ e e BRI S (B 22 22 BB F
(5 A i, R Tl S AEL I, B R 56 B B 4 s

RO 22 4 R R B AR A i (B R B 2K A2 HIL B
h B Bl T R AR

(3) Wi 538 L LE (/o e 5 LTI 25 2Z [ AT
WU G AR RR B B3R B L (/e ) (0 1.8,
BV 3 5 2 ik R B MU 56 A 1.8 AR N i KR )R o
JEE TR SIS 152 ) 4 4 R BRI 24K

(4) B co/ e ML TR A9 19 R KA 5 1Y
Wl /0 RUJZ AR B9 50 0 i 9 e AR pIL ] 2 B R < R B
I R — XU Bl T R AR — TR SR AR, 5 22 X LAY 3
oy Th o7 B A B 2 R

(5) XF F LA T 2 3 (B /e <<1.0) , M
L7 S R 1 B Sl € R A i R i
Cuo/ e, A BRTHLEE TR IE L D X = A P 3R (19 3L [ 52
M, b S F1% i T2 BT 3 A7y T M TR TR X 30 5 AR

1027



SE T 25 B 52 R A L MR X b B B 2R 3 3 (B
Co/ca=1.0) , NN THESH + 30 3 R e S 82
A B0 5 ) R R R A R R /D DR e N TR
b W Y AR v, R B 2 AR )R B B R A
W AR e .

B < ) O SC B BB R Z B R DLV, Griffiths #4820
A SO A TSR T RN AR O AL 4R 4 A AR A 48 S AR O Y A
By, [a] i 836k Griffiths 28245 4 5 00 A SCHES B A i
14 = 8 95 2 AT K

Sk

[1] DuncanJ M, Wright S G. Soil strength and slope stabil-
ity [M]. Hoboken, N.J: John Wiley &. Sons, Inc.,
2014.

(2] BRAMLE . £ RTR AR E s —— Ry ik ¥ (M.
JEHT H EACRIK L S RREE, 2003.

Chen Z Y. Soil slope stability analysis-theory methods
and programs[M ]. Beijing: China Water Power Press,
2003. (in Chinese)

(3] miEAk . 20 22 LIk v [ fY R 2 3 3 KR % A= BL Al
LI % 5 TRESEAR, 2007, 26(3) : 433-454.
Huang R Q. Large-scale landslides and their sliding
mechanisms in China since the 20" century[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26
(3): 433-454. (in Chinese)

(4] XUREs , XVL05 . MR AR F R A0 iR & 1A 20 3 e 1k

G BT BT (D). B O R TR A 4R, 2022, 42(1) ¢
224-230.
Liu K Q, Liu H Y. Stability analysis of soil-rock mix-
ture slope under earthquake[J]. Journal of Disaster Pre-
vention and Mitigation Engineering, 2022, 42(1) : 224~
230. (in Chinese)

[5] Michalowski R L., Matel T. Stability charts for 3D fail-
ures of steep slopes subjected to seismic excitation [ J].
Journal of Geotechnical and Geoenvironmental Engi-
neering 2011, 412: 183-189.

[6] Griffiths D V, Huang J S, Fenton G A. Influence of
spatial variability on slope reliability using 2-D random
fields[J]. Journal Geotechnical Geoenvironmental Engi-
neering, 2009, 135(10): 1367-1378.

(7] AWl 5 00, My BE I L 45 . 21 XFEM X £ 5T B i
SURBEMWITELT]. A TR R, 2022, 44(8) : 1416~
1424.

Yu Peng, Hao Q S, Yul L, etal. XFEM-based inves-
tigation on regularities of soil slope landsliding[J]. Chi-

nese Journal of Geotechnical Engineering, 2022, 44

1028

[8]

[9]

[11]

[12]

[14]

[15]

[16]

(8): 1416-1424. (in Chinese)

AT ROV, Wk AR . 2 IV A v ) TS T s Y
[J]. 0 0125 TR, 2016, 35(12) : 2377-2387.
Li N, Guo S F, Yao X C. Research potential sliding
surface of slope simulation method [J]. Chinese Journal
of Rock Mechanics and Engineering, 2016, 35(12) :
2377-2387. (in Chinese)

Guo S F, Li N, Liu W P, et al. Influence of both soil
properties and geometric parameters on failure mecha-
nisms and stability of two-layer undrained slopes [J].
Advances in Materials Science and Engineering, 2020,
4253026 1-13.

Guo S F, Griffiths D V. Failure mechanisms in two-lay-
er undrained slopes[J]. Canadian Geotechnical Journal,
2020, 57(10): 1617-1621.

Griffiths D V, Lane P A. Slope stability analysis by fi-
nite element [ J]. Géotechnique, 1999,49(3) : 387-403.
TSRO, Wk AR L TR A T e T SRR E RS AT
LI A4 J1%% . 2018,39(2) : 397-406.

Li N, Guo S F, Yao X C. Re-exploration on stability
analysis method of high rock slope [J]. Rock and Soil
Mechanics. 2018,39(2):397-406. (in Chinese)

Zhang Y B, Chen G Q, Zheng L, et al. Effects of ge-
ometries on three-dimensional slope stability [J]. Cana-
dian Geotechnical Journal, 2013, 50(3): 233-249.
Huang J S, Lyamin A V, Griffiths D V, et al. Quanti-
tative risk assessment of landslide by limit analysis and
random fields [J]. Computers and Geotechnics, 2013,
53: 60-67.

P, M, WA, G T R bENLA BRTIA
BB AL [T]. 25 & J1 27, 2016, 37(7) = 1994-
2003.

LiD Q, Xiao T, Cao Z J, et al. Slope risk assessment
using efficient random finite element method [J]. Rock
and Soil Mechanics, 2016, 37(7): 1994-2003. (in Chi-
nese)

AR Y RARPTE e AR M. b
AU BEA R, 2014,

Yu T T. The extended finite element method: theory,
application and programs[M]. Beijing: Science Press,
2014. (in Chinese)

BIR SC, XUWURT B 2 kL A5 L SR TR OR AT A3 A o
F R A AR PR S [T B O K AR R,
2020, 40(1): 63-71.

Huang X W, Liu S Q, Zhou A Z, et al. Study on the
stability of soil-rock slopes based on the distributional lo-
cation of the larger rocks[ J]. Journal of Disaster Preven-

tion and Mitigation Engineering, 2020, 40(1) : 63-71.



[18]

[20]

[21]

[23]

[24]

(in Chinese)

AL-Karni A A, AL- Shamrani M A. Study of the effect
of soil anisotropy on slope stability using method of
slices[J]. Computers and Geotechnics, 2000, 26 (2) :
83-103.

TRACHE X HE L K, S XS BT R BT
REHLIL[T]. & 1% 5 TR %4, 2003, 22(9) -
1489-1495.

Zhang Y P, LiuZJ, Gao Y T, et al. Instability mecha-
nisms of soil slope under double dynamic loading [J].
Chinese Journal of Rock Mechanics and Engineering,
2003, 22(9):1489-1495. (in Chinese)

Li AJ, Merifiedld R S, Lyamin A V. Limit analysis so-
lutions for three dimensional undrained slopes[J]. Com-
puters and Geotechnics, 2009, 36: 1330-1351.

Qian Z G, L1 A J, Merifield R S, et al. Slope stability
charts for two-layered purely cohesive soils based on fi-
nite element limit analysis methods [J]. International
Journal of Geomechanics, 2015, 15(3): 06014022.
Lim K, Li A J, Lyamin A V. Three-dimensional slope
stability assessment of two-layered undrained clay [J].
Computers and Geotechnics, 2015, 70: 1-17.

Smith T M, Griffiths D V, Margetts L.. Programming
the finite element method [M]. Chichester, United
Kingdom: John Wiley and Sons, 2015.

W SCER, I, £, S BRI 5 N Ak 4 1 g
% Mk - 2 8 RS s M A B L)L B R K TR e

[26]

[27]

[29]

2018, 38(5): 874-880.

Yang W Q, Zhou C, Wang L, et al. Stability analysis
of an expansive soil slope under rainfall using the thrust
line method[J]. Journal of Disaster Prevention and Miti-
gation Engineering, 2018, 38 (5) : 874-880. (in Chi-
nese)

Taylor D W. Stability of earth slopes[J]. Journal of the
Boston Society of Civil Engineers, 1937, 24 (3) :
337-386.

Taylor D W. Fundamentals of soil mechanics [M].
New York: John Wiley and Sons Inc., 1948.

Christian J T, Ladd C C, Baecher G B. Reliability ap-
plied to slope stability analysis[J]. Journal of Geotechni-
cal Engineering, 1994, 120(12): 2180-2207.

Duncan J M, Navin M, Wolff T F. Discussion of prob-
abilistic slope stability for practice [J]. Canadian Geo-
technical Journal, 2003, 39: 665-683.

Griffiths D V, Zhu D S, Huang J S, et al. Observa-
tions on probabilistic slope stability analysis [C] // 6th
Asian-Pacific Symposium on Structural Reliability and
its Applications. Shanghai: Tongji University Press,
2016.

Pooya A S. Risk assessment and spatial variability in
geotechnical stability problems [D]. Golden: Colorado
School of Mines, 2015.

(ALt R E)

1029



