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ope stability considering zonal anisotropy and seepage effects
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Abstract
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: Soil strength anisotropy and seepage are important factors affecting the stability of slopes. In order to

anisotropy of slope soil strength more practical in stability calculation, a method of graded loading and

zoning of layered slope soil considering strength anisotropy is proposed. Firstly, the initial zoning is established

according to the size distribution of the maximum principal stress direction angle of the slope soil and the
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intersection area of layered soil, and then, combined with the finite element calculation results, the formula for
determining the anisotropy strength parameter of each layered soil is derived and the strength parameter of each
zoning is calculated instantly. Secondly, in the process of applying load step by step, the initial partition is
further adjusted according to the calculated soil strength parameters, the partition and the corresponding
strength parameters of the coupling calculation are determined through three-level control of initial partition,
subdivision and fine partition. On this basis, a flow-solid coupling model considering three working conditions:
zoned anisotropy, unzoned anisotropy and unzoned isotropy of the soil body is established, and the change laws
and characteristics of the stress field, displacement field and seepage field of the slope body are analyzed, and
the stability of the slope is calculated using the strength reduction method. The results show that the average
stress maximum value of zoned anisotropy is lower than that of unzoned anisotropy, but greater than that of
unzoned isotropy, the seepage and flow velocities are lower than those of the other two cases; the calculated
slope stability coefficient of zoned anisotropy is 1.109, which is 2.8% and 21.3% lower than those of the other
two cases respectively.

Keywords: soil strength; anisotropy; seepage; slope stability; strength reduction

T AT B R 2% 1) S RS AR T R 5 e 0
e s e T PR R R R T O R 1 MR E 4y
P By k2 L ARk E XTI R T —

RV B 4 0 53 W R i
1 REBAERLSBERNRE

RIVWETE o Ty e EVEE N T % 8 AR S KRS A
5O E A BRI A S R I E T
PR M RBOT A X Sun U T — Rl TRy
E 5 F% 9878 19 5% 2 13 % 4 o v U 5 i R P 24 5%
AR VA% 3 B 0T N ) 6 JBE ST 80 AR BN O 0 B 2 A
F B Rao S5 HIFFE T AR 4 JBURN A% o) S A 1 - 3 4
£ 70 T A I T AR R R 5 X SR T AR 5
FR RN 45 1) e P 20 015 S e A T R 9 OG22 5 B
Ve W S CIRIE 5 T b A T R A 1) S A X )2 I RS
TE VR B2 W I 25 5 0 B A ek e M T AR E A
W SR IR BT T TS [R] B R A% 1R R D L RO ST A
b R B K A5 R B ) 1 AR A R 5 Zeng SF VB
T BT AB SR, 00 R A B 25 40 XY B
J A TR RN B i 5 AT 5 2 IR T E S SR Y
RS AT B T G BE A R A7 SULA 35 g B 1 ) A A
FRVE 5 T IE RAE S TR SRR b A A A S R
o, ar TR E RS R, A TR B R S
JOE SIS R AE 5 S I VAR R T ) O R R AT R
I o3 T T 21 RS E 5 Nie SEHF 50 T 5 B 47 Ik
5 R IR E U, O 55 0 R 3k AT T R X
BRMG0 IX 2 1 A iR B 5 1) S L TR B A T 3L
e RE M L AH 1203 DX 7 v AL 5 1 3t K RE 7 i 4% 7 17
RAR—BO K BEAT SR P X . H AT, 84 3OS
VE e A DX 2% i S P B AL AT N 0 3 A E A Y
SO o R LA Y TR O, 25 08 e Ay DX 4% 1)
S P I K B9 A B A D S ST TR A B Y O R

1.1 REBREEGER

it 8RS A 0 R A R AR SR A IR oT ik K ik
AR B WO A RAS H AR B IT, I3 3 5K i h 38 7Y 2R
e A BR T HL e I 7 0y A BR Ty AR H AT A5 2
JCAR BT 5L R ALK R ), SR 5 4568 i AN
N 3 3 HR CEAE RTALBE 4 W 3 88 S 0 A R TR
YD T R A R B T R e R ) b AL A] 3R

i—ﬂ‘j[lalfl.%]

oH oH
’ [é(cf,p) }—Fa{k(a,p)}zo, (x,y)e0

a o dy dy
H(x,y>:H1<I,y), (I,y)€F1
oH
/Q(G,P)THZZQ(IJ) (z.y)er,
oH

H(x,y):y,/e<a,p> :0,<I,y>eps

an,
(1)

K ENBBRE oM p NN MSE;H WE

PR g MRt s MR T B4R 7 I 5 R i

T 207 1n]

IV ) 5 5% Wi 3 ik S A1 Dl

Lo+{f}+Xx=0,(z,y)€Q

e=Bo7, (x,y)EQ

6=De=DB3,(z,y)€EQ (2)

no={7},(x.y)€S,

{up={a},(z,y)€ Sy




%4

KA &, 5 F RS R &G F e iB iR 69 AL T AR 43

Sot oL W BB T A s W T30 R S 0
%ﬁm%%ﬁ%ﬁ%r{% O)ﬂ{ﬁw@m%

n,
B 7K Sk A0 A R s XM T 0 A g 2R B 5w L RS
Y 5 B R 0 3 3B A B 5 D A P AR [ 5 S, S BT
S e A B S, FRE A, oA K

%/\?ﬁH(xy)EI’J B Su N il B {ut A
Sy L R &
W\U‘i;ﬁfﬁéﬁﬁﬁnﬁ‘ HY SJytite]
H}+{f}=
b} D{ej=D {N (3)
M{s}=X+F

KK B B R BN SR 5 { f )R8 Tk k4
A5 8RB 5 {H | R T R B MR 5 A O B 4 5 X
BT BN s F 535 1
1.2 BERE

B AT O 0 7 AN R R AR IS UL T L R
L0 3R BE 2 0 B R 0 R PN R A R AT AT U, 7 5
7 B R S B, 3 R TR T R R
58 303 15 ) RSP R A I A U R D Ay i 0
P 2 42 R, T o o7

d=¢/F,

(4)
¢'=arctan (tan ¢/F,)

2 IES=

HIF 5 149 120 358 057 T e v 45l BH i R 2 B BE I, A
EFliil%%E&Eﬁ?ﬁ%i%x@ﬁ%%éﬁ%%ﬁ&lﬁ

TSR M R 3 O T R R AR A R R
T7k£fﬁﬂ|3&ﬂjﬁﬂljl{7/ﬁ“ﬂa{méﬂﬁi T H X Ak
PN i | AT S 2 RN A R 589. 4 mm. 13 3 A8 W T
K1 s CHAE T 208, T SCE RO KL ;8
Rb;0OnEkEam L OhEB ORI L) %
TRYBLS SRR TR

122
R
1575 2
® oo
19
A
5 y
® 3
@ & g
Dk
36.75

1 A3 BT E (B m)

Fig.1 Cross-sectional view of the slope (Unit: m)
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Table 1 The physical and mechanical parameters
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Table 3 Load application values for graded loads
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