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Elastoplastic finite element iteration method for stability
analysis of three-dimensional slope
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Abstract: For the stability analysis of three-dimensional slope with known slip surface, based on the upper-bound theory of plasticity,
an elastoplastic finite element iteration method for stability factor is suggested. The contact surface is simulated by rectangle element
for plane problems or cubic element for dimensional problems with small thickness; and the Mohr-Coulomb associated flow rule
criterion for the stresses is adopted. Based on analyzing the associated flow rule in the incremental elastoplastic theory, it is proven
that the direction of the tangential stress on the slip surface and the sliding direction of the slope are consistent when the slope reaches
ultimate state; so it is accurate that the tangential stress is regarded as the sliding force. In the process of calculation, the shear
strength parameter is reduced step by step based on the iterative method, until the slip slope reaches ultimate state. Not only the
stability factor can be got by this method rapidly, but also the tangential stress distribution on the slip surface and the deformation law
of the slope can be obtained as well, which provides reference for taking reinforcement measures to the slope. At last two typical
problems, i.e. ellipsoid slide and wedge slide, and a project example are given to verify its availability and rightness.
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3 ZARRBUNA PR C B IR CUA

S FIA IR BRI L B A ) D9
THIGSRAR, BSR4 BT (50
SEBL. @FE K EMIFIRTIRAE R, iEWsRE i
PETh Ay SR Th o
3.0 BAYAMENS B T R TR

e LA B T8 ) = A A4 BT U A
ek R AT BN L, AR — i 0 T R
W, SRS M R R 1A BRTT AR, R
TFAMT IS j YA IR A S P 7 7Ry

[K1{Au},; = {F}-[ [B] {o}, d2+

T (5)
[ [B]" 1= m)[D], [B]{Au},d02

LAl AR
[mihH&J[m

{oe} 22}
oo oo

[D], = (6)



3104 b +

b 2009 4

A [K]AHRARRIBEAERE: [B] R UAHFE: {Au},
N B &, (o}, AER j - 1IKIEAES
W N S s (F) NAMEGIRE; m A EHA
I Jer I T e 1 A Y iR 5 0 g LR ) AR
TR W [D], A j - LIS AOE IR S PR R
A SR BT S G s B e IR ) oS
I BB R TE S48, UV T i
TENT IR, ALAS M)A B FROIR A o
3.2 JEARAEN K R HEThE B

PECAIE 2 2R 1T 45 A e 20 1 ) A 3 A s AR 2k
PEF BRI Hrrb s W3R n] LR B R B e e A
AR AR 6 Rk Atid . 0T C4nPisT S Hr) =
JAEREE R T REAEL, ANSCRA T RAIIAETE CRD
BT (RIRD BT, D IGSCER[12]9E4T 1 VR4l
PR, PO IE AT T B RIS S A . TS
T _F R Y g i B 94 DU R F Mohr-Coulomb #HEU), B

f=c—o,tanp—7,=0 7

BN FHRIT e FJRHAKR RN Xy'2, I
o2 I B o 1R AR bR RS AR A AR R
Z AT A X W 20 SR AR RS R N ) K
oy GHEARARER N IR ok R OC R A

O-i'j' = [Ta ]Glj ( 8)
e [T %R, WS (7)) XTBARR A
f=c—o, tanp— riwwﬁ,=0 9

WU BATT e TSI TP Jay AL BRI (R UTD ) B ) £ 4 AR A
NI PNk

(Gz'x'll + Gz'y'l2 »O iy + Gz'y'mZ sO ety + Gz'y'nZ)

(10
R X y z
X I8 m m
y I m n
z I3 ms n

(a) (b)

B2 WEFE LR R R T T RTE
Fig.2 Relation between the local and the global
coordinates on the slip surface

EHE RN BPEPIRAS I, T sl EiE
LI DR £~ DA RST S R ) VA7 S P T U T
N7 )AL P SRl i £ GE N v ]
o BCH 2 QORISR T3 7 I, A6 B
T P DI i) I 7 B3 T e 1 5 20 5 1 B

J R AE WA RIS, SR RIS PR V45 4
BRI AR SRS S v SEA5 SRR R, FOAx
RIERE N BRI IR T, — e 3 %~
5 % HAR, KEBHCE LRPRAE I R R A
AR TRBIEIN, AEBR R 3 H7 SRR R
FERRI A4S, d T Uiy A e 2 5l
M AT BIRRAEAE, DRI, RIMEEAREAS I S AH IR
SNEN, R SRIBH AN v 52 AT AT 9T R AL
PRI A", WORSCR T SRR BhIEI, A
B A ST A

FERTT e W BT N JRIFBAARR T, AtahiE T A
eIV

aet, =— 2 s

P
! 0o,

(1D

Refre del, QIR 4 dA =0, WLLH
A, MR (1) w5

2T,
del, = -2 q)
\/ Tzz'x' + TZQI}/I
(12>
dety =—— 2243
NS
mizl (12)
ds;’x’ _ Tz'x' ( 13)
del, 1.,

Hal (13D w1, BEASPRIRES ST S i
ERPE ARG B (RS ) S DR N 5 ) — 8 WY
5 TSI ERE AL T HRKIPUN, EAFG Rk
FAPETh IR, A BRS04, SRR
BN 7 10 5 LRI W T 80 MR S
PRARE (22218 K hEME. BT S)
T DO T DAy T PN P ey 0 1 S A 0 A 0
[ TN B I ) 7, R 1 #0855 A K 8 1) —
B XL T B 28 LA ST (D) 1) N A ki
MBI AR B FRIRZS I, B
BTN RAE R BT DIN D) 7, T [, S E
3 T 1 A T D T R S T i, Wk 3
IT



10 #

BURAM S — YETBREE T A (K A7 PR TCo B A AR 3105

B3 ERHTHESEE
Fig.3 The surface of sliding direction of 3D slope
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Table 1 Geometrical parameters of the wedge
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Fig.7 The shape of the wedge
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Table 2 Geometrical parameters of the wedge

o f 15 EVE FEN
HBAL
/(°) /(°) /(°) / kPa
ACBIf 70 23 33 20
ABDIH 8 72 22 15
ADECTH 90 69 19 10
6 4 1w

(1) FE¥RPE ) % LR SR 1, SR T =
UETIBREE W IO AT PROTH I PR IR AL . T X
SRR B B T R AE IR 7T, TR T R
IE PR FRARZS N, 2 T P A N AR ST ) D)
[ N 3 75 T B A ) 2 O 1) DR R — 5. ] T I
T8 B N U N D T AR 2 D AT Rk, IE
SBIEAT TRk

(2) MR IR TsREE HTid, A 5 4
ES (@ SESTEUSES AwiRr SRV v ]
gt i, THERCRA R T i, LISl L
T8 20 7 5 BT 7 P A D 120 30k SR BRAR 25 (K4
fii, BETT A RO AT gk oo DL E SGIA I R AR
IR, AT B 2 4 R AU & SCHEUT Bt
PRV 0 22 4 R B E S8

(3) = YET IR E 73 M7 (KIAT BT HIE P A A A

IR BOE AR 07 1, AT AR SR A
SN 24 R HG HARER BT I SR AR
A IS TSI N 18] N 73 850 A1 DURTIL 3K A2 TR
i, IR S b it 7 2% Hds .

2 % 3 M

[1] LAM L, FREDLUND D G A general limit equilibrium
model for three dimensional slope stability analysis[J].
Canadian Geotechnical Journal, 1993, 30: 905—919.

[2] DUNCAN J M. State of the art: Limit equilibrium and
finite element analysis of slopes[J]. Journal of
Geotechnical Engineering, 1996, 22(7): 577—596.

(31 WRALAE, DR, VRN T35S E = 4E oA R B
BIE). A TR, 2003, 23(5): 525—529.
CHEN Zu-yu, MI Hong-liang, WANG Xiao-gang. A
three-dimensional limit equilibrium method for slope
stability analysis[J]. Chinese Journal of Geotechnical
Engineering, 2003, 23(5): 525—529.

4] RKH, THW, R, 55 e A= gea iz
FRECTE] A TERAAR, 2007, 29(8): 1236—1239.
ZHU Da-yong, DING Xiu-li, DU Jun-hui, et al.
Computation of 3D safety factor of asymmetric and
rotational slopes[J]. Chinese Journal of Geotechnical
Engineering, 2007, 29(8): 1236—1239.

(5] KA. ZHTIBAI 7 el RV 2 ATA D). A

D125 TR, 2007, 26(8): 1625—1631.
ZHANG Qi-hua. Block-dividing limit equilibrium
analysis method with multiple sliding-planes[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007,
26(8): 1625—1631.

(6] BRIE, XSERE. AREE 10— s ATk A HT ). &
+ 2 5 TRE2ER, 2006, 25(12): 2546—2551
CHEN Fei, DENG Jian-hui. Three-dimension stability
analysis of rock slope with strength reduction method[J].
Chinese Journal of Rock Mechanics and Engineering,
2006, 25(12): 2546—2551.

[71 GRIFFITHS D V, LANE P A. Slope stability analysis by
finite elements[J]. Geotechnique, 1999, 49(3): 59—70.

[8] BXMGR, WA, sKET7. BB A A7 B e vk o s

—— I A7 BT 9 R 47 k2 P I 38 R AR A T (0]
01, 2005, 26(2): 332—336.
ZHAO Shang-yi, ZHENG Ying-ren, ZHANG Yu-fang.
Study on slope failure criterion in strength reduction finite
element method[J]. Rock and Soil Mechanics, 2005,
26(2): 332—336.



3108 b + 0 2 2009 4F
[91 Z85%H, :RWZE, &I, SRR Rk il k& 38.

[10]

(11]

[12]

RFPIRPEDCAE 2 ILR 0], B 9k TRESAR, 2003,
23(3): 1—7.

LUAN Mao-tian, WU Ya-jun, NIAN Ting-kai. A criterion
for evaluating slope stability based on development of
plastic zone by shear strength reduction FEM[J]. Journal
of Seismology, 2003, 23(3): 1—7.

M te, ZO%H, B, AF ST R R ITTr
YRR IR R B[], A %A, 2005, 26(8):
1345—1348.

LIU Jin-long, LUAN Mao-tian, ZHAO Shao-fei, et al.
Discussion on criteria for evaluating stability of slope in
elastoplastic FEM based on shear strength reduction
technique[J]. Rock and Soil Mechanics, 2005, 26(8):
1345—1348.

PR, R, YA, & UPPTTE B e R
AT ROTIEARAMRE D). A4 7 5 Rk, 2003,
22(3): 446—450.

LI Tong-chun, LU Zhi-ling, YAO Wei-ming, et al. Finite
element iteration method for stability safety factor of
slopes against sliding[J]. Chinese Journal of Rock
Mechanics and Engineering, 2003, 22(3): 446 —450.
GREBW], BRI, AL, A5 A7 ESY SR T AR
IAMEATIROC AT [I]. R4, 1999, 27(3): 34—

R 3085

[7]

(]

[10]

[11]

[12]

STEWART D P, JEWELL R J, RANDOLPH M F. Design
of piled bridge abutments on soft clay for loading from
lateral soil movements[J]. Geotechnique, 1994, 44(2):
277—296.

A IR b S A AR L TR
I 2# A28 S D] BUM: TR BRI &,
2001.

PSR, (ARIE, TR, R AR ) B2 4 B T
PEPEIRZIHT[]. EIRELTH, 1998, (5): 3—5.

ZHONG Dai-hui, FU Chuan-guo, DING Da-jun.
Interaction analysis of multi-layered soil with laterally-
loaded pile under different pile top restriction[J].
Building Structure, 1998, (5): 3—5.

SRAEAE. BRI 52 BRI D]. & TR 2R, 1998,
20(1): 84—86.

ZHANG Yao-nian. General solution for laterally loaded
piles[J]. Chinese Journal of Geotechnical Engineering,
1998, 20(1): 84—86.

e N RILRIEZE 5. TB10002.5—2005 kit
FERSLRE B v EVELS]. bt v EBRIE kAL, 2005.
ITO T, MATSUI T, et al. Methods to estimate lateral force

acting on stabilizing piles[J]. Soils and Foundations,

[13]

[14]

[13]

[16]

[17]

[13]

[14]

[13]

[16]

YAO Wei-ming, LI Tong-chun, REN Xu-hua, et al
Elastoplastic finite element analysis for rock mass with
weak surfaces[J]. Journal of Hohai University, 1999,
27(3): 34—38.

FAZ, SOCW. BT Bt dEstRE
fiztt, 1982.

WRALAE, VEANNI, R, & HURARGE i) =45y
Hr[3]. KA, 2001, (8): 1—6.

CHEN Zu-yu, WANG Xiao-gang, WANG Yu-jie, et al.
The 3-D stability analysis for arch dam abutment[J].
Journal of Hydraulic Engineering, 2001, (8): 1—6.
BN, Br%k. A RTTm ke L3 A oh
MINHI[T). A7 D2 5 T RE AR, 2004, 23(19): 3381 —
3388.

ZHENG Ying-ren, ZHAO Shang-yi. Application of
strength reduction FEM in soil and rock slope[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004,
23(19): 3381 —3388.

ZHANG Xing. Three-dimensional stability analysis of
concave slopes in plan view[J]. Journal of Geotechnical
Engineering, ASCE, 1988, 114(6): 658—671.

HOEK E, BRAY J W. Rock slope engineering[M].
London: The Institute of Mining and Metallurgy, 1977.

1975, 15(4): 43—59.

ITO T, MATSUI T, et al. Extended design method for
multi-row stabilizing piles against landslide[J]. Seils and
Foundations, 1982, 22(1): 1—13.

VRERIL. BERSCH B AIHTH BE AR R T[], A+
TR, 1998, 20(1): 84—86.

SHEN Zhu-jiang. Pile’s anti-slide resistance and limit
design of anti-slide pile[J]. Chinese Journal of
Geotechnical Engineering, 1998, 20(1): 84 —86.

Witr, VAL, 65 3R B HEAR S DRI & Mk B s
] 5 3 I8 R AR, A%, 2008, 29(3): 833
—837.

YANG Qi, LENG Wu-ming. The universal calculation
formula of the additional vertical stress under the bridge
abutment due to the embankment and the conical slope[J].
Rock and Soil Mechanics, 2008, 29(3): 833 —837.
KPR, B BT AR s AT A 52 S (R A0 FE vk 0],
KIEE 2R R, 1999, 17(1): 88—92.

LIU Qing-tan. Transfer matrix method of calculation on
stability of compressed bar with cone shaped variable
section[J]. Journal of Changsha Railway University,
1999, 17(1): 88—92.



