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Three Dimensional Stability Analysis of Slopes with Rotation
Angles Based on Strength Reduction Method

XUE Tao', GUO Wei', GUAN Weiya', LI Bing’
(1. State Grid Jiangsu Electric Power Co. , Lid. , Nanjing, Jiangsu 210008, China;
2. School of Civil Engineering, Southeast University , Nanjing, Jiangsu 210096, China)

Abstract: In this paper, the finite element software is used to establish three-dimensional soil slope models. The strength

reduction method is used to analyze the relationship between the slope safety factor and the slope rotation angles. The in-

fluence of the slope rotation angles on the slope safety factors and the relationship between slope heights, slope angles and

slope lengths are investigated. The results show that the slope safety factor gradually decrease with the increase of the ro-

tation angles; the slope rotation angles have little effects on the relationship between slope safety factors and slope heights

and slope angles, but the slope rotation angles have an obvious effect on the relationship between the slope safety factors

and the slope lengths. When the slope angle is large, the slope rotation angles have little effects on the relationship be-

tween the safety factors and slope lengths. When the slope angles are small, the slope rotation angles have an obvious in-

fluence on the relationship between the safety factors and slope lengths.
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[T B3, G e o g 7 v ) T R
ok 2 [ i AR A 699% o AE 1L X SEHIE 52 2 X,
HI T MBS 22 , 5 5 A T B L 355 133 25 K
o L, RTUPAEMERI BTS2 2 T EH N
S ER

KT IR E PRI R B AT 70 o B HE T A
BAERAUPIE . PG HE S T7 187, 32 B2 B 0T i 538
ST 353 Ar A A BR AP 1887 vk e AT A 05 1 938
s VR I A 2 X — Jr T T 2R . B

(ERETT 1, K 2 HOmE e -4 32 BRI 5 3T
VAR A2 TRE S B PP I N, 2k s D f AR ar
2 LOL A Sop (o 9 P B Ul P 4y 10 39k Sk R B e 1
FHREARGE , AT 532 F R o BE ATk — 2 4 i
PR T ShA R T S R R ELA TR R
R B AT IBA ST T o FEBTT R AR R i 5 B
JEVF 22 5% W 3 B RS E R 0 R 2, Ryma 260100 F1)
PLAXIS 2D 5% T JUA[ AR R R L 7K A A ff 2
XK 32 A I3 A M s ) AR TR A5 R

%5 B #A : 2018-09-21 f&%% H #1:2018-10-16
BT H :BXRARR2EI AT H (51578145)

EBE i W(1978—), 55 TLH RN, LRI, EZNF i ) TR 50T LAE. E-mail: 104684158 @ qq. com
BEMEE R KO981—), B ZRIEH N BIEFE, FENF L1255 + TR BEF SEETAE . E-mail: Ibershui @ seu. edu. cn.



LI

B, G TR BT A AR T HERRE PR A 155

A FRBEK LT R RS o DG T L AARA A
e, Lim 20 S0y — M 4 5 10 9k AT AR A
Mohr-Coulomb #E . 75 B 0L 1) o 1 4 7 18,
BT FH T —E T, Wang S 2V BEHL 7
FHEHE AT, 52 T A AN 2 1Y 2 AR
SRS 0 Xu S5 S YC d AOAS S T  E
TR, AR T4 7 AR A v i 2 B A AR E PR
FI

HI T HUE R, B SR 5t b Al e A i
2018 4F 5 J] 29 H ,BUVLAIA A AE T —k i3
AL BT f AL i e i (L 1) o S M
FEAEXS T RS e MM S e A e — s AL, (15
ABEFE . BRI T e A 19 30 B 58 BOR 52
Do FHRUER S B SE T K s 22 58 S A IX I
S Sk G5 H AR T R T A 0. E LSS 1ok
RN I N SN R S RUE 35 iV G
Yo PR ORI A T A e R R, Uk 14
— ISJER RARSE T R R B M T TR e 1k
KT FEIEE A AR 3RS E M RZ )

| AREEBEBAE

AR SR XA & T e L S AR e PRI
FIAS A i3 ABAQUS K {4 37 = 4 B T AR LR
TFF 305 2 %o 0 W R s M B S i, LA R 31t 2 A 3ok i
ek v S A LA G S R IR
1 BT R
1.1 HEEUAFR

K ABAQUS {4 3. = AR b A T i i fa e
PR AR AR AN E 2 s did RS A
+ BEE AR, FIREE 0 =2.0 g/em?, B
PEMLE E =25 MPa, JARA L v =0.35, 8% 1 ¢ =20
kPa, WEEHE A @ = 25°, 4R Mohr — Coulomb Ji
IRV D) iy AL 55090 P AR 2 SRORSE AR A 1T 14 7% [l o7
FE RV I T 113 1) B VD Il (i o AR SR SR T
WEHEAT A BT 5, R — AT R A
FoIHRAK (D) IR R R T ¢ MINEEIEf o

AU, W S 0 B 5 2 B W A, LRk
Az SR, IR AT R A, BV 3 4 R AL
cp = c/F,

) (0
©p = tan (tango/Fs)

ABAQUS FHll 75 7E SN BE #8411 A 2R T I 5
B R TR BT B AR AR, WA
AR 1,45 0.25 B EER 2188 %] 4.

B2 FiihigEs

1.2 BT REE

AT SR FH AR S e G I AR, 13 B 1 AR o
FEYE G A SR AR S A Ay R
60°.90°, 120°F1 150°, 3% & 73 5120 5 m 1 15 m, YA
435k 30°.45°F1 60°, 1 3% K BE 43 5128 10 m 20 m,
50 m 1 100 mo KX PO R ST A, AT 4 %
2x3x4=96F T,

2 giRk5abr

2.1 WHEANZ4HEEEENZmS T
Sy AT T 00T 3 0 A SR A B 2 T T LA
B, WAL B A PR, — R ARG AL, — IR A
b XU S m A 30K B 100 m
1) TOCA BT UL . Kz R T %2 R
B HEAROCR st 2, niE 3 o, mT Uk
PR 5 5 2 £ A K, 30035 1) 4 R BBOB VA1, At
32r

30t
28+
X26F

24+

2'260 9I0 ll20 1I50 1I80
B /()

3 RIATHRREANSEERXRR



156 KA S 25 T RE2ER

F11 5

HRYEIFIE % R 5 TOLF 3 B IR0 5%, 23
KA 60°48 1L 2 15000, 3k M IR B bl 3 ab 1%
WA BB A AL, 2 A AL 38 ) RS B M AR
WL B R 7S R A I S WS L B G 78, 3
SEb e BRI A B B RN TR A X
RO AL R M I S U T IR L f ik oAb,
eyl DA AE 2 1803 % £, iSRS i, i
W Re e MU AT, AR 3% 20 A6 AT AT 1 B F #RAS 24
RS NIE . (RS LR RS O R, ik
I EMR S EES s F. R, R e S
P RN S A R, BB B 5% FA 3 R
T B R Ak RS T 2
2.2 WEANREZPSEEXENTM

AL R £ 250, RS M X ke
M BUS MR AR 25 5 . BGH Ay 450, 03K B
100 m 1 — R AN B BRUORIEAT HL R, B HE 1Y
& LOU N %2 REUEZ N E 4 iR, A 4
A LAE Y, B B A 3SR, = 5 m AT 15 m
P2 4 A 5 AR S 1 R T/ N e A, (H2
AL TR, 3% 3 W 3 FA oo S SRS Ik S
PN AL

351

—=— B £160°
—o— i i £5190°
—A— PR 11120°
3.0g —— B #: #1150°
ﬁ
Y25
H
™
2.0
1.5 L !
30 45 60
/(%)
(a) H=5mHL=10m
35
—=— Y i £1160°
—o— i 5 4190°
—A— i A1120°
3.0g —— B f1150°
E
ﬁ 2.5%
™
20
1.5 L !
30 45 60

W)
(¢) H=5mHL=50m

2.3 WHANRERBESEAXRNZMNE
AR R £ 25, sl R M 5 A
IO Z R 2 AR Ak, 43 i DR A s o R K B
i R I % AR 2 RECS A O R il
28I 5 i . K 5(a) B S(b) AT RLE A
[FIEE AT, LM E 2 RS MNLRILTK
AR 33U B B A A 0 I AR e M S R C R I
RN, B 5(c) J& 5(d) B, AR AT, +
P& RGP R R —E 25, XER A
Bl 5(c) JE S(d) s e, 10 A 2 O T
SR ALFER /)N OB 25 MR fR e A B Ak, S 55
B e kA, 3t E ik 2B 2R fk

2.8F —m— W HSm
—o— Y15 m
—a- Al

24— .

2.0
&
Nl
1.6
12 L/Rto/\
i \\
0.8 L 1 1 A
60 90 120 150 180

B $01C°)
B4 WESHEARE THRRERYTMML

30 a3 B 160
—o— W ¥4 /590°
—A— B 4 411120°
3.0§ —— B £11150°
=
8o st
£
20F
]'530 4|5 6IO

e A1°)
(b) H=5mHL=20m

30 45 60
Y/
(d) H=5mH.L=100 m

B5 AREEATHORBEMSKANXRNE



LI

B, G TR BT A AR T HERRE PR A 157

2.4 WHANRERHESBFEKEXRHZM
AR RIS f 55 e Re e v 5 i
1R R AT A A8, 3 R E I 2 NI A o i,
OISR M 5 T e BB K B O R
2k, 0 6 s HE 6 T, 243 55K I, ANTR]

3.5¢
30F n/
L}
&
W
N25¢ v v
H
# —m—Y 5% 41160°
—o—Jjl 4% £1190°
20F —A— 3 £11120°
—v- 5% 1150°
15 . . . , ,
0 20 40 60 80 100

4K /m
(a) H=5mH.a=30°

35¢

WA N LR RS R 1R R BN Y
WA BN AN A T 2 R A R Y
KA

AR AN [R) 140 39 4 B 114 120 3 e IR 62 A% 2= Pl ] R
(DA 7) , AT B3R B I, R A m]

351
-3 £1160°
—o—4 % £190°
3.0 —A—H 5% £11120°
-3 % 1150°
2162'5 i . o
B By 8 8
20F
15 . . . . ,
0 20 40 60 80 100
LK /m
(b) H=5m Ha=45"°
- £1160°

—o— b % 190"
—a—H 4 £71120°
- 1150°

60 80 100

LK E/m

(¢) H=5mHa=60°

Bo6 ARKEATREZANSHRKEXRME

(a) WK JE10m

N

(b) 3 K20 m

(¢) UH K JES0m

(d) LK E100m

B 7 ARBERKENDIFEIF S A E



158 KA S 25 T RE2ER

F11 5

AEH BAESh b, BRER BN, K B HA 10 m
120 m I, BEOR B AR eSS e f AL S B
50 m 1 100 m o , IR 7 7 ) P e ¥ o X
PR Ry A BRI, 10 S 2 SRS e 8RR L A
FE LIAIRTH SR £ 22 53 B2 IEC IR I ff 22 5 1
SN N 25 DRI 3 5% A A i R 1 5k T 3 (R A
180 A% A1) , IR B 2t BAE N b o T3
KEEBIRI , 1D S AR R ARG, I LD B 2%
PRI D 32, BT AR B2 ) B g A 7
PG AL

3 45 i

AR FHAT BRICE AT ABAQUS #HE 7 = 4 ph A
B DA YA R MR oA R T
96 ZH 135 T, R PR B ST o1 0 W % R
B AE TR R

(1) Bt W 5 #0016 A, 300 30 1 A ik 3 i A
2o YR NI A S i e REOR IR
WA 58/ 0N T 00 54 88 5 M e R, LA R By« X 31
KBNS, e IR A B UA AR B Ak 5 24
TSR BE R, 303 3 ke A7 8t 30 2 A 15 K
2 B R B ) A A A R R R B

(2) Yest Mt m M SR L RBE R
FIRE M /IN (BN 33 4 88 55 10 2 42 RBUOE R 1)
SUMAAS I, ELYBE AR S fa o T RS
YA B OGRS AL /DN s I AR/ N Wit
FART T4 4 R BTG AR IS R MR AR

S 3k :

(1] B 2"k =4 R P (J] . A A 1S TR
1%,2007,26(8) : 1529-1537.

(2] ZRKBEE BRI . =23 ™A% 15 o™ 5 A B F- i 12 A
BERTRNAL]. A A %5 TR, 2007,26(8)
1513-1528.

[3]

[4]

(8]

[9]

[10]

[12]

[13]

[14]

[15]

WRETES T SO . 6T 3 BE ATl 1) 0 40t L s
PEMHTLI] . KA S AT T R4, 2018, 16(1) :207-210.
BRI, 5K R, 2 A e T R fEL Dy A i XAl e
Bt AR ASHLRIE T ] K] 5 R TR # 4, 2017,
15(2) :205-209.
KT, JA I P, 22K MG . A5 BR e B 47 sk e R A
P& FHPEDFFE (D] KA 5 3T TR 2441, 2018, 16
(5):125-129.
B OLLER T B BRCABRICER BT IOk R R
FELY] KA SR T AR, 2007,5(1) : 79-82.
BRI DS, BT, AV BRI, 45 BT Sl 25 0B AR iR B2 7
LR ENE T[] A e S TR R, 2014,
33(2):243-256
PREEDS, SRk, i O, S5 . dn i e IR 1 sl 25 5
PrmiEwrsE ()] 4 1 1% ,2013,34(4) : 1140-1146.
HoovkR g A 85 RO S A R
Pk m LR ] 8 1 1% ,2015,36(5) :1275-1281.
RymaAfiri, Smail Gabi. Finite element slope stability analy-
sis of Souk Tleta dam by shear strength reduction technique
[J]. Current Landscape Ecology Reports, 2018,3(1):1-
10.
Lim K, Li A J, Schmid A, et al. Slope-stability assess-
ments using finite-element limit-analysis methods[J]. Inter-
national journal of geomechanics, 2017,17(2) :6016017.
Wang Xiang Rong, Wang Hui, Liang Robert Y. A method
for slope stability analysis considering subsurface stratigraph-
ic uncertainty[] 1. Landslides, 2018,15(5) :925-936.
Xu J S, Yang X L. Three-dimensional stability analysis of
slope in unsaturated soils considering strength nonlinearity
under water drawdown [ J]. Engineering Geology, 2018,
237:102-115.
FERUER , 5BRA , BOHIOAR , 2 R e R S X I
k25 5 LR = A RS AT [J]) . KB 1, 2007,
28(4):270-273.
FOUL EUKE B R R R AR AL R
T MM Bt B It (0] BUACA™ L, 2015(8) « 176-
177.



