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Calculation of downslide thrust of slope based on vector analysis method
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Abstract: The stability analysis of slope has been a classic research field in geomechanics and geotechnical engineering. Numerous
research results and analytical methods have been proposed in this regard. To overcome the defects of imbalance thrust force method
adopted in the practical specification, both two-dimensional and three-dimensional formulations of strength margin and overload
margin downslide thrust are developed, based on the principle of the vector sum analytical method of slope stability. Two 2D
numerical examples and a 3D numerical example are investigated. The results of 2D numerical examples indicate that the variation of
obliquity of sliding surface has less significant influence on the direction of vector downslide thrust than on the direction of residual
downslide thrust. The vector downslide thrust curve is smoother than the residual downslide thrust curve, which helps avoid the
problem that the precision of the residual downslide thrust is significantly influenced by the variation of obliquity of the
polyline-shaped sliding surface. The results of vector downslide thrust and residual downslide thrust are the same when the sliding
surface is a single polyline, and the result of 3D numerical example by the proposed method is consistent with the common
understanding of the slope stability. The proposed procedures are used to calculate the downslide thrusts of a landslide in the western
China under three working conditions, including the gravity condition, rainfall condition and seismic load condition. The results show
that the vector downslide thrust result has been better improved compared to the residual downslide thrust. Finally, the potential
improvements in the vector downslide thrust method are discussed.
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Fig.1 Forces acting on the slide bed of a slope
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Fig.2 Forces acting on slip surface of a 3D slope
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Table 1 Material parameters of EX1(a) of ACDAS

RN P B £ HE FYEBE Hkabk
¢/kPa 0/C) 7/(kKN/m) E/MPa u
3.0 19.6 20.0 10 0.25

3.1.2 W

SRR RTAK 10 45 By TS T Ak 10 7 g 55 R B
FEALMRIR T ORI NI D 1
B —2 INAAREAE LR Er )i hizg A
SIER, XFERIRA S SRIAFH AL Ny, i
AT THE S R IA XS 2 R . BT
TR, X0 2B %0 B 15045 SR RS R
DA, XERNE T LR K=1.2, &k
BH 51K 5~100 AN 4 FlOR WEHE S N, BGE
ZEER 10 000 B (1) R ¥ HE ) 1 45 SRR, )
AAF 4 B R W HE AR 2 S A E R R,
e 4 fros. MWERATLUE H, KUEOHIFIRS, AH
L4 RIEHE S, 58 R IHE S IR 5 22 SRR,
KR TR E N AT EARE 40 1077 1,
CASEAR T I #3807 A NIHE I 7 1) fE45 84
h 30 I, A O BN T AE ) AN R ZEK T 0.35%,
PR 4 B W AR ZEAE 1% ~2%20 40, Kb
J&E P ASE ey s WA LRI 43 30 A48, &l 3 Boi
YERRIEG, VR T o i £ TR 2 4 TR R
HHEST

‘ R T R )
20 b 1w RS RAR T IE
J— R B A R R )

AHRTIRZE /%

0 20 40 60 80 100
ZRPELH A

B4 HMRESZFIEEXRR
Fig.4 Relationships between relative error
and number of slice

3.1.3 WL R

FEAG) TS R W E 5, 6 Fir. K
5 M ERE 0B X AR N AT 1, R
K X I Q CHIEAA (%) BCDE 353 ) 3844 R 1
AT, RSN B AT T AT, XKk Q 1
BC i1 530 (TGS /KFEEEh X, 24 BC 1E
TR THT PR S50 it ST 5 (S 75 28 30 3 AN AR R T B 1
MR LR, 4 BC BTSN, B X {4
NI, I TRARDO S BE, AR T M tA S 7K 7 1)
10 K M BC Wi IRIAT B sh R X (e N,
TR T 22, Jeff 0 B/ ; 24 BC ILEE
TR AT I, AR THT VT35 7 1) Ay ST AR ) 3
AR EATT . LSACE I 0 2k 24.1°, &
5 I THIMIA o BEAE X (3N S kN, i Ak
IR ST TT A 0 WM E EAR SR, I
ANFABUS o BN RE S 3K s A R T AT
) 52 SR FE AN HE BRI«

— RN HHEFATT 1 5K 5 T A 0
— Wb«

WA/ )

0 ; 1,0 1I5 20 25
BRI TR 2E 25 X/ m
BIS S FEES)TR SEEARMIAL G 1

Fig.5 Vector sum sliding direction(6) and the angle(a) of
the slip surface in example 1



1100 b +

b 2016 4F

— RS T D)
120 F — mprik A AURIAR R I
100 |
o 80 F
<
R 60}
&
% 40 |
20
0 L L 1 L
0 5 10 15 20 25
BEYE TR 8 X/ m
(a) Rt & TR VA ) 6] B
6o - B ST R HE
— GRS N
140 F
120 F
Z 100}
~
§ 80 |
BT 60
= 40t
20 F

BRI TGUKT2E 2 X/ m
(b) BN B R IR0

6 REMHENSHRTRENERML EH D
Fig.6 Vector downslide thrust and
residual downslide thrust in example 1

Bl 6(a) At Bl £ R s i M) SRR N
T IR0 LRS00, B 6(b) b B it & S = T
TEHES SR 4 PR HES i ixt LeiE vl . SOk g
RS A 1 m, HE) I A ] DU A N(KNL MN).
IR 76, o fids 46 ZRURIER 33 fidh 4 BB o RN T
TEHE) HAT S AN R IHE A R i BRI
THBL. ERE W TR AT B L b 7, T
T IRA AL BE, MW R Ty, Rl
WmshrER, R T EBL, K NI A W
T FEBRIE TR (P 7, ¥ T 5 7K1 1) e f %
AN, TSR, Hpum KT R, R
THE RN SIER, REAPUE B, K& N IF
RIBETRN . RE PR A R SRR N
I ESREA—F, —HPu B MBI E
FEAAAN, T U W T AR AR R . )
Ah, AERRSE TR B X ERE/ (X <10 m) i,
B NEBER SN T M ERAKR, KE T
R4 N 2 LT 56 A R, 24 X AR BRI,
AR T AT S D) R 7 I E SRR, K
I HE B K TR RIS . BT AR S

BRI N K TR N 24, R
Hlaz 2 FZAECEMS N TRIRAE L 22 R, e
AR [R] 224 REON R R T 20 K TR N
Wy, BEERSREH K=1 ¥n3 k=13, KET
TEHE SR A IS 2SR B, AN Bk
ORI ZE AR N VE N . SRR N
HEDJ 2R BB, 1931 T SR T IEHE ) 2
IOECE
3.2 HB 2—HHERFREMAHKE 35k

Griffiths 2P RFFERE (AT 155 2 2 ANHEZK
R oA TR RO A — R,
M FAHK A RS e b X BT T PR R
ST, 20 S AR R R I HE AT T .
3.2.1 WAL 4

JUAATAE RS K AR R RS b 7 B 4KE9 92 )2
FEE RS @, =0, HAWEE - RHKPTET 5
& Cor Wi 2 R FR

C,=025yH an

RIGI)JAAHEKPUBY R Cpo MR PAMAS . 3
AR TR 59— o AT, AEHB I I
GrIKF, i T R R S 450984
Griffiths 2517 1999 4E[IBFFL4E BEW, 4 Cyp
1Cy=0.6 I}, KG9 IE 245 1 AR R IS [ K2 )
(10 3k 0 A B AR 2 b S R AN B2 s 4 Co /Cur>
0.6 IS, TSR IR 220 I, 224 REL
KT EARZRIGR)ZFZ M 2 Cp /Cu<0.6
I, A I R A B B2 AR 5 2 sl . 50
WP TS R, Y G /C1=0.4~0.5 I,
HLR AN A RBCG PRl 22 4 R BN T 0.96~
1.24 2 8], 3% & 1 TR I3 T B 7 250 iR 175 00
BRI, X T Cp/Ci=0.40. 0.45. 0.50 =FhiE
LN PR O R HES, i S A T A
SO oA o BRI H =10 m, MRS 5L
W 2,

A 4

. 1.2H2H |<_>
U

B 7 HHERESRERARKE A SRR
Fig.7 Calculating model in Example 2

2H

0.6
[
¥




PR T ORI R R 5 1ol

54
£2 MEB%K
Table 2 Material parameters in Example 2

il 4= MR A Wy SPREEEE At
Cu2/Cui ¢/kPa /(") /(kN/m’)  E/MPa u

0.40 22.00

0.45 24.75 0 22 100 0.35

0.50 27.50

XTI I, AR L AR TR A TH
1 FE R AR SR T R 3 SRS SR BRE) 2 /%)
TE S SR, WO A SEO TS5 3
S, I ARIERI 45 33 A4, il 7 BoR. RS
FE5 55 1 A7 1H .
3.2.2 WHELRE S

TR 25 R 8~10 s B4 b A BEHE A1
H 0, A Cp /Co MXEER IR, Ul 16T
(5 IANAR - B [ — 7 B Ak (P AR R i 3A Ty
MIARES Cp /Co 22T AR L. K] 8 RN MNIE T2
W TS — R ELW T BC AR Q 0 (T
BCDE X380 34K N3 5 7K1 05 £ 0 11
BACIEOL, ARG, B R T T A o 19
BACIEOL, A RELL NI 3AT Ta) B 1 D) ) 0 i
T B 7K 7 M FAFE A IE . X <30 m I, VA
—R B, WA, 05 a M5 X =30 m i, 7
[ AR B IR B, o A 30°EH AR 0°,
X=41 m W, IR FLBR AR, o M 0°
HEA 45, 30 m<X<41 m 1 41 m<X<50 m H/,
a TRFEFAE, 0 ZAZFK. WP CUEH, 4
R AERI T 0 AR AR I 3R N a3y
M, 0 FIRLWEE/NT o MARZRE, BhffRE
T HE 5 ) 52 T O R 2 BN T R N HE
7 ) 52 T AR (R 5

40 — BRI ATT SR DT 1 f 0
30 | — Wi o
20

~ ot

B o}

B 20

| |
A W
(=)

|
wn
(=]

0 10 20 30 40 50
PRI TOR-EE ] X/m

B8 BB ERE AKX (A 2)
Fig.8 Vector sum sliding direction(8) and angle(a) of slip
surface in example 2

Kl 9 IR Cp/Cy=0.40. 0.45. 0.50 P&

I R A A R O iR W HE ) RN R R e A
g, WLLEH, ZREOLR, SREE A SUR R N
R T B DUl B IE: X <30 m i,
WIREE, T RTPu S, KE T E
B 30 m<X <41 m i, JEHA—K LB Bt
WHRT W, KE PR X>41 m
INf, WD — AR B, Wi o, R
IES R LN =Ry MR8 SUTANS R TIN DAES
B, RS MR N LR R —A
Blrh, 22 REOBOK, AH N5 ff 25 RS = R
B, ] 9(a)~ (o) T I S 5044
[F] — AN 22 REU) MR, SARE YT
PN VAHAT o SV FoR B, SREEf & Bk & Nl
i) 25 R 5 o Bt A TR AR R W) 45 RAEAL, (H
WA — LR Z Ak

EE9 Y, X<30 m I, Wi —RIEE, %A
Ak, R AT R T M HE ) N 5 i e 7R
Tl N 2 e A0 ] 30 m<X<<46 m I, 6
5o ZE0K (il 8 Fior), smEEfE & B AR N
THHESIAEPIAL A1 o A=A 5 SR Z098 ), T
SR JEE A % U TR T W HE D AR A LU O, BiE T
CRUREERIPS QL BRI 82 T P
THHES T /NS5, TR R I
A1 A7 P AR A e R AR G I fige o5 s FEHERA P,
NN R (= Y R 25 A LT OB I P ()]
VEVT SRS FE 55 W T4 ) st Ak T £ R AR A2 DI AH
O, W T AR B AR AR T 100 AN g AE
T RHET L DI TR AT TEHE 7 ()52 00 5 1
KF, K P A LR A N TR
B

Kl 10 %78 C/Cui=0.40. 0.45. 0.50 =FfH
R A A T O W HE ) R R R T A g h
g, oriTa T LA SR B i A B R B N TR
i, LG UL B, AEHIERY], K& N
He A RGP, KRB RN A R 67 B Ab A
WRF R FigHEoeh, K& NEHES 7 M2
AL FEMAEL ], TG T F AR N T A AR
—EARE.
3.3 HE 3—=4aEH

SYESEAREANE 11@)FT 7 o R s A
Frg354: A0 0 0)« B(50 0 0)« C(50 0 5). D(40 0 5).
E(20 0 15). F(0 0 15). G(0 50 15). H(20 50 15). 1(40
50 5). J(50 50 5). K(50 50 0). ¥k —EKIm, EX
A BRAIEAR 250 R (39.5 25 33.77). 28.77 m, EKIf



1102

b 2016 4F

i gRmas g o, K -— &85 R FE)
YR HPPAT X Y B ST ) B A, R A
YRR Z N, 0 11(b) s, 3 FLSP i ) B X

1000 1 - . 1 000
— KEHTIE
800 | — ATl Sk 800
Z Z
-~ -~
< 600 F < 600 F
3 3
400 | 400
|V |V
200 + 200
0 ! 0

BRI TSP HE 25 X/ m

| — APk

025 m, L 7 430 N4, THEASBEE IR

T, BGE e BRIANPAi ) R U [ AR B 45 AR AT
(KIPA Z o

BRI TSP HE 25 X/ m

[ — K& 1000 r — %%6{‘1‘&&\

go0 | — AT HEEL L

z

=< 600 |

8

= 400 |

|V
200 +

; 0
30 40 50 0 10 20 30 40 50

BRI TSP RE 2 X/ m

(@) Cuo/Cy1 =0.40 RESRFERE AL FRHEJIAILL () Cua/Cu =0.45 IFHREE AT T UMM EL () Cua/Cur =0.50 I 46 710 R HEHE T e
B9 BEMERRE M) SREMERBRTEENNL (EH 3

Fig.9 Strength margin vector downslide thrust and strength margin residual downslide thrust in Example 3
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Fig.14 Overload margin vector downslide
thrust of sticks (unit: N)
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