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Study of progressive failure processes and stabilities of different types of landslides

TAN Fu-lin, HU Xin-li, ZHANG Yu-ming, HE Chun-can, ZHANG Han
(Faculty of Engineering, China University of Geosciences, Wuhan, Hubei 430074, China)

Abstract: Deformation types of landslides generally include retrogressive landslide, load-caused landslide and complex landslide,
which present regressive progressive failure mode, advancing progressive failure mode and composite progressive failure mode,
respectively based on the development form of sliding zone. Based on the strain-softening behavior of sliding zone, the nature of
progressive failure of landslide is weakening process of mechanical parameters of sliding zone which is revealed from the
mechanical point. The movement and mechanical characteristics of three types of landslides in the process of progressive failure are
determined preliminarily; and evolution process of different types of landslides are revealed. The distinguish criterion of sliding
block of critical state is proposed based on the unbalanced thrust method and progressive evolution process. The calculation model
and calculation formula of stability of progressive failure of landslides are established and the parameter value method of sliding
zone is proposed, and the process to achieve stability calculation of the progressive failure is described. The method shows a
complementary relationship in solving the stability problem of strain-softening landslides. Moreover, the progressive failure and
stability variation for three typical examples of landslides are analyzed. The results show that the law of reducing speed of
retrogressive landslide and complex landslide is from large to small to large; and the law of reducing speed of load-caused landslide
is from small to large. In addition, the different part of landslide plays a different role on stability in the progressive failure process of
three types of landslides; and the deformation regularity of different types of landslides is verified. The research results can predict
the development of stability for different types of landslides preliminarily and provide guidance for landslide control.

Keywords: retrogressive landslide; load-caused landslide; complex landslide; progressive failure; stability

Wk HIW: 2016-04-26

FETH: EEARRIEIES (No. 41272305); B E SERMIFR IR “973” TH (No. 2011CB710604),

This work was supported by the National Natural Science Foundation of China (41272305) and the National Basic Research Program of China (973 Program)
(2011CB710604).

B AFE A i&-ﬁ‘a% 55, 1990 4R, AT, BN FILIIRRE M T IR R OE S L AR . E-mail: tanfulin868889@163.com
WIRAER: B, &, 1968 FA4, Wi, ¥, WLARI, FEMNTiE + TR EE B S 58 e W0 55 7 m ik 7T T/E . E-mail:

huxinli@cug.edu.cn



598 b +

b 2016 4F

1 51 5

T W UK AT, W AR 2
— R WL TR R, G o RS A 2 — A5
SR BRIA) R AR (R REARTRR, Ty — N R BB AR i
T GO B R I R, e O TR
Feoe BAEEWER. Wi aEmsbsi i F &t
b S A B ATT TR R A R A R
B kA IR,

PR (I A€ P 23 W 7 VA A Janbu V5 )
1k Bishop 2 BLIE ARV | AR R 04 Bif 925 . Sarma
VRN PR T 58 P 4 980 A 8 AR AR BRARS 2
b, BMBOE T AR IS B SO, BARXAE IR
W SRR LS . R 22 E eI AT TN
WL, RINTALTE RIS — AL R, 4T3
TIALG A SHTTU B Y. F BaRRas
AR iR [BEiR 87 SUN S BB, E ek i b2 I
SFEEPIHE T - g iR X 2 4 R B, X B A
SO AR T P IIETE AR, A T R
ks S . RS IE T g 2
BN EALIM A e VPN ik, WF9 T3
LB RE PR RE . 5 N e O
T ST AR T AR oy B B SR BN T — A
(RIS B TT - B8 oy A i, W T AR AN [l A
BN T IR e, JEER LR FT I IS
SEMERBOT TR, vt i
T Tl T P AR SR A AR AR B K Ok e R R AU Y,
A SRk 30 35 g 1 P A IR I R ) 43 B

PAFAJF 50K 22 50 28 Ay 3 AR a0 3 A Y 3 AT
BRI AT, bR B T R R S s A S 2
K #Z A S BRI e, Wide ek A FH B
NTIFHE, 5IE i E 528 a5 | e,
BT S B & B m AR FH A, S0 5 i
TERIHERS g 2l B e w2 N R R
SECHTRTJE 1 PR AR T 0 A A e P
I, HER AR S AR TR, i
TN R TR U 2L, AR M
JIER  INIDTER = &2 14 Tk b= B O K7

B8 3 S A A =0l 2 IXORT 1 g e X5 g 3
TR T ST, Befild AR I, i T
WeAR TS A2 0, AN SCIE I 73 2800 e AN R 2R 2 g 3k
BT S B R AT FUAS [R1 S R0 35 () ik
BRI Sa E RAR M ERR R
S, A S AN ) 28 28 e e AR i A

R e LA DL, [ I IFSEAN [R] SR B S i A
P, e U T B AR L i SRR
(AR T e Ji S it 0] 2 T A0y i 30 B it 4 3
& o

2 TEBHT SR A

2.1 H AR ARER Ty A

TR BIR I RE 5 o AR 2 PR
FAOE, TSR AR RO AR 2 AR (L e, B
T AT HEROR R o VR OR — R T AR
(¥ AR RIONE - il ANy R S R B N g 58
RiAE 2 [ CFR IR, 5 R A Pt — T
T BEACHA RS0 REAR e Hhufif ik BAT AR B0 e P
AR TR SR Ty S P, A SRR A
WFFUHGE I TR AR AL — P RETT

T S T IR o v B A O 1 0 A
B, AR R ] R T R AT i A
P75 FEOL 22 oA, AT s ) 2 oin 2 D
BRI B ALBY BL SRR TR BE 3 ANB BL
W 1 PR . A S B A R T LU
KL 20 g 2 ) ARV T I S
AR Ty 3 FIRAEN . ARG RN, XA R
M LAk, 2 BAORSZIK BT ik 2 i KB Y] 5i
et 0, BEES EMOESE AT T A E BT UIOR
LR K BT i B o 25 AR SR

A
L
3 ;
0 u, Lllr u=
WG i~ i

Fig.1 constitutive curves of sliding zone
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Fig.2 Force and progressive failure process of
retrogressive landslide
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Fig.3 Force and progressive failure process of
load-caused landslide
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Fig.6 Force analysis sketches of critical sliding block

Tm = Nm
N, =(W,cosa, - Ap,sina, —U, Jtang, +c,1,
T,=W,sina, +Ap, cosa,,
(D
KN Ap, = Py = P s W NES m B FL) 5 AP,
A m G AP IER K S0 J15 Uy NS m
KB ARIRIRILBUK IS TT5 - o, A5 m 2R THI T
s cn AERTL: @, WSS 1, A FRBURIL K
Vi RIS .
2.3.2 R UK
HERS AT PO AT BE AT BRI, FLlm PR %
BRI AL REN, m AL L0 1~ m -1 45
Kb F AR N PR T A AE T B OIR,  BIOGANREE
&R CE, , >0), it m 552 0122 18 L4
RIHESIVE T, WUEE m 2R i FRARZS AL A o b
#EH
T =N,
N,=W,cosa, +E,_ sin(a, , —c,)—
Ap, sina, —U )tang, +c,l,
T =W sina, +E  cos(a,,—a,)+Ap, cosa,

(2

K B, AFEm -1 40 FR N, HAhFS
=S LS
233 HEANEH

SAEXM SRS G WIS, 7E ik
I FE P AEAE ARG SRS S, PRAR G SRS
SHFIRIRRE R s 55— I FUIRAS S P He 5 | X
T B AT, 5 IR SRS A PR
TE I VR S T VAT

3 B MERIA MR R M
SAT HO R P 90 T4 0 AL T I 0

A, RITETHSAL T N T PIRA o AT S PR 2t 18
PR R AR, G0 R i A Ak b W fEL 1 AR



B2

RS AN R AL T 5 R PERE 9 601

BV P 1 rp A N ) o T IR R 2 4, S
SERR AR AR K ZE R, AR e v SR L 2%
JEIL TR N IS A
3.1 FEE MR AR R

T IERE 3 Fh I W SO R ST, N
W AR A R S — I 2 AT 4550, 43 A BT D) RIR
BIY) 2 B, JREM MME T TG b, Bk
BAAYHECN ny 25 m RYONIRFURAS SRS, Wil 7
Pie T HER AN, B S&EHh n, 5k
NG TR, WK 8 R, TR A&E
W, BORRAEECH n, WY FIFIGRABIY)
IR, 25 m RPN — IR AR S, 5 k4Rl
IR, WK 9 k.

BIYIB
B 7 5| AR & o

Fig.7 Slice diagram of progressive failure of
retrogressive landslide
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Fig.8 Slice diagram of progressive failure of
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