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ANALYSIS METHOD FOR LANDSLIDE STABILITY

LI Shihai, LIU Tianping, LIU Xiaoyu
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Landslide stability is analyzed systematically based on progressive and dynamic failure of geological
media. It is very complex to study the landslide according to specific phenomena and model tests. According to the
damage degree of the mountains, the failure can be divided into several types, including intrinsic failure, partial
re-failure, run-through failure, discrete failure and motive failure. The transition of the failure type is the process of
the gradual failure of the mountains. The limitations of the limit equilibrium method, the finite element method
and the discrete element method in analyzing the slope stability are analyzed comprehensively. The characteristics
of the continuum-based discrete element method are introduced in detail. Landslide surface cracks should be
considered as a basic parameter for analyzing landslide stability. The importance of study on motive failure is then
described. It is specially emphasized that the engineering problems cannot be solved only leaning on the numerical
simulation, and as a result, the effective approach to estimate the condition of mountains and to analyze the
landslide stability should combine calculation models and monitoring results together.

Key words: slope engineering; failure type; landslide stability; limit equilibrium method(LEM); finite element
method; discrete element method(DEM); surface cracks; monitoring results
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WIRP L e R SRR KBt
SR AR Z A R RAE SE PR TR W] i R B0
TrIER B R .

4.1.2 WP EHEAR ZEA B A J) E AL S 4

A RE S i R P AT E RV R R
BRI VA R HE AR BRI ) AR R BEAT IR A 1 35]
o

WP EER TN EARK: (1) A&
TR, AR RRIER: ) RH&S
7, KRR SRR LR/ R G (3)
o P A8 TR FUSE 8 R A T i 4 R
RANZERBRTERAEABHMME: @) £4
ES ot Ge Tl bRy @Al P 1 oV NN A T



*3314.

ERESTREER

2009 4¢

ARSI B A A, ERE 4 MERRAH T
2y, MRLT B BATHRINIR P . TR AR
YEERHERNBRIER, FHEFEEEMAR
RV P S HLAR B 2 Rl N FEBR R

(1) WIPEEER 22 R BRI AS KK,
R TR P AR R Zd, 5401
WAERICH —NMEERZETHE AR, #
£, 2MAEEREZ B ERRAKNSGREN AL,
I3 B EL A i R DR o T B AR S R O v B R VR R AR
BE,

NIt ARG MR ESSBN BN E
Hiordn, e FEFE LS SN ERX . H
2, WAZ2REE e XAERMNEE LR, N
BAHERIAE LYl 2 A E R S5
EIATERFERE . MRERTHITERERR
T AR, TR AN IR CL_E RS P
RUE 1 PR A SR, XA T B R ) B oA 5
WK, 4 2 MEEBRNERREASERAKK
Zle HREMN TR RITFRR 477 iEMH A
BuE, FHBATYIEHER, Ik S eIt
AN 2 WU P A e 7 - AR R R B S

(2) MR- PHEH RIS B KA BTSN Wit
Pk 5N S ERERE R B R E R
EiiEwEs, FEAWEEU RS, BEd—RS
PINITESRSREA ), WREEESKINE, Mag—
MFPMKTIES) “fil” FREMEN, MARE
7 IR 3% 3 2 1 T () PR AR SR SR & AL B 1 R AR
Ffy, Bk, L. £ROBRERZL, &
REASRAERED, XIS SR 5 Ehr R
MARKIIZERE.

(3) PR VELFHRESE. WRERE
THR R VIR, HEEAMEENmE A1)
BRTE, % KA Mohr-Coulomb #ERI|, F H¥%h
£ c SINFIBRAIKIHE . REHENFEHE ¢
FIE(E, X FEERSHEM o ETEITEYRRE
IR X

BB R IR R E TR BOAE, X
¢ RAMEN c H: WRIBEFLER ¢ EHNZ
HARKRE ¢ . TERPENLE: P aE 4
FUEESRERMM, MRS ENGHER. ttERA
NI ME R R EEE LEERRNRA, BA%
BEREHESINERMRE. HEEHRRHEZE
IR S EMAGZ HMESHREN, ZHRELK

LIRS F R A B P A T S RO T A
KIS, BLE, oM 1~2 MEELIE
B TR EIE 5 B K A (3 R B 1
B ot RO Z 5], KRS Rk 8
SHIEIA R KR, B, BAWEE LW
WSRO — T, I B S 5 i B RS
HERRES X, ATLAARTR Y

N, N-N,
PICE DI
i=] i=1

= +
N(S,+S)  N(S,+5,)

N, N=N,
zsn'f;i Z S jifjt
— i=1 + i=1
N(S, +5)  N(S,+S,)

o

~|

Refts ¢, ¢, M S, [, BN | B 4
HREE D REERES: S, , S, 2B NE—&E
YURZE OB BT N, N, 5500 4K
FIEBES. Bk, R R A e
T2 ARG ML S, /S, (REKIL L5
R AR ITERREL), SR A e T 9 X b
MRS, 7RI T, BitsILE s
WA RS E X EAREET, HAA
Bt c (EATASE 2 NEGINET, T BT RRB
KT AR o (5o BRI BN AT — AN, i
SRR IR 2 R M AR, H52

BRI S LT HER
DI W/
=T ®

B/ Y T e O TR 5 5 A R O T
WAL, HHE SRR L TR BIRK,
RS S TRARHBAZR. MR,
CRITERE MR TREN, MRITRRE
BRI, H4E R0 D AR AR I R
KRRESEESY, ARG ITERINSY,

@) (T RERKMITH. ERBTHIENT
gip, RERAE—ATHEY LORESY, &
LA Ee AR, Rk, MR
ety T SR R B4 RO 1 I — AL F R
B¥c, fERRRNEERY, REHRN). £
TR, XNHE BRI, B LR
KERE SRR ¢, [ o (EXEAEE RSN, 1
HEEMBMNE, A TR RS A, X



28 M2

Fiibig, &, WA E ST Ik

*3315.

IR ¢ Eh 0. #Rifl, TR LK, fFH
B HEE SN THE 22 R, JFBAmME
EEREA N | NE, XEL EEEFHAR. F
Fb, WFREGEAREEZEREEKRT 1
B, ERABHEHBESHER T, £, M
BAKE DAY, XERTZEREWAT
HATHIRE S, T SaTRsRESER A T(DHW
WE, HARERREREAEE K, mikaT i, B®
S REF R E AL RELRE P SER R
ETREENSHOMTI AR SR, WL
FFERNE ERCE — MBI E BG4 T U, W
BRR G W HESEEW B Z 5, 70 LLANE Y R B
HRZ R, WM AT RAKHES S 8E T
WHANTEES, LW HNEEEATL, AT
FEM EEZAZ, FER PR 7R B AR

FrisRES I KD, e B S b6
HHRTENTERE.

Rz, WBRP L e RR M A 2 %07
HEABRTIEERKER, e TFEEEAR
WEHLFERAR. SRR BRE S K
M E L SHAFARNE LR PBTELEYTS
FOANEA ‘PR HHFERRE. MErEES
BRI, Haf R TSN EEIEE.
8K, HoAth o M7 1 5 B S H0% B AR BB T vk
AL 1) R
42 HRT*E
4.2.1 HAMRTTEESTTHEIR A

A BRTCEE T LLor AR S S 0 8 2 2K
HAErk FREES TN A X ERESHTE, X
EROE R NGBS ST EA L b7 =R 5. W NV (P
A& JEL %) FI58 A #E (Mohr-Coulomb #ER
D-P HENIZR)H 208y, — My R R E %
HHAIEIIN J1%, KGR REER I kit E
WS DI A BRI J735 4 Ao HOBER S R 3R T, &
Z R R — T AR RIS h ik, Bl
75 SRR IE ISR 2 the LA 2R
XTI AR A R YT, 7E R E R R
ST E KW T TR S F RN Z 750 Sz A
AR, ERRTEPSIN—RIIMEE, A
LA AN ESE R FE, ERAH RcfERITHkER
U B A RE T ]

T 25 RN A B AR T TR R R 54 9
AR . A RICIKB MR SR

FREBEHE, LRWEIR STE L ERR T B
M, WA LAEEA B E R . mRYIEEFPRES
B EMEBESINT CRVIh S WE Z & HET
W, FifE RSB R A B R o] LA
TRANEESE . AN AR A I A TR R A (AR SR
B EEE), WMo, BERSGRRELEMNYILE
REBE I, WRENSGHS A S RENESHEE
BRENN, BEMTEERAEATEN. AX
B Sk, HAE BT TR TR
BHERNSTRERE.

Fr A BRITTHE A RE AT H IR i SRR
SEFHFEEF IR . A PR ITIR R — 2 A
RIEHEFTRER, FERMEDF R BOE LS
LR — A B e TER 2 N EREMAR,
B ERa K. ERRENINRE - ET
WMETIEE, 0T REHAREMN, Mhxk
T B KB
4.2.2 DATHE &SR R B AR E A AR UE

THEE5 R R B R 3 2% R R 3 a0 v 5 A 5
BRI E WS TR R Z KB RIRE ). 5%
P R 45 M T EL 45 M THI B A0 P B o i 40 PR B B R 4
B, BAERRAXHEMER: AFRETNERE
HIMERAF A R N, FHECERE
XA E T ERA AN R T L, I+
BRI EHEACBWITHER .

I, B RSB 5 PR R AN U B 2 7 A Y K
. HEEBAMIER, QESHETE R TR,
LA R TR LA K IEIFaRiE s & . SR,
—HHI TREHES), SEEENZhRes
AP, XA 2 TR E DA _E BB A X S0 TR
A, TEMIERE b S EAL HE B R REMBIRIR,
WMk EHES . EFELL. SEHES MR Lk
HIRFR X AR . BRI 5 O X R AT RE % Lk th AT
REr~ A KNIZE)EE. XEdBAREERICAE
BUCERERBER M. #SERTGRRREEE
IR E, MAEBLUE R %0 E, B TEA
5 SR IX T oy B by R o
4.2.3 XT3 A IFIA IR

MPER LU, SREHTIRA R b0 R R i
RSB Z KRR, sTUEEEER
—Fp AR, BV RRREE T KIS S A
fr e LR mx A RS HAR, HEEE
MEX. HEl, NAAMRTREETRENEER K



*3316-

BA NS TRER

2009 4E

RH LR, UMEERSEMT SHRRPEE
PLE, K B T SRR I 5 S T AR Y
“ESET BEEZ RRNRR—RERE. Xy
MREIBR SRR EEMFER RS, B, e
WA “HSL” SR . EWRTEMHE, RES
WMZERERT 1 MRS, HERENRERTE 2
MHEBRERN NS WA HERE HLRFE, B
4, ST EHEELHESRN T E TR LA
gRrSe Y kL e 2] 5
4.2.4 BRI B RORBOR T & A% B P i i
BN

RERBLENEL, AEERFHRAENEZS)
PEROR T B9 X 3, SERR AR shm . R RICHH&,
FE BEH B B R B R AR RN, HAAREIL
WA ERTT, IF Bt EAE, RIERM “AtRn”
PR, W THHEA DA B R, HE IR
Rille (R, BN AR A X R AR PRk P 1 3l
1, FERA R ITIE S NIRRT R U
A5 M 2 MR AE AT WS, AR
BB R N RN Ay - AR SR R 4k . 48
PERSAR PR T Y IR T A SR PR SR B RN
AN, TTCAAESR, e hAS B A HR A T A B S B
KB I A RRMRS), SR, BAEENE
Z& BN SRS H A s Rl 2 R IR W T B 2R
&, EXWMIERA RIGEKHILCRBCAE DR TS
BERMERZ —. ETHRTHRRPHE 2 M7k
12 B4 % KB TR ST XS B Ak 2 B R HUTR A
BABARTHE B IPRA, 102 MR AE SR
4518 REPERR RS T BSL T

B2, ESENHERITERETEEN T FH
MV IE, AT O BR R BRI R th mT L
WG MK I, HE, FSHRnk
S AT AR (R A R R, o R DUR L
P A BRI I W AR v . B DR P B B — A B
RRIA TR E SR, TSR R REsh5E.
548 B 14 vk L 7 1 B R A SR A A
Pk, WOLETHEL % 4 R EUA U SE B3R B2 B U8
AR 7 10 Lo
4.3 WMITE

BHUTH R B T AREEEAK H k. g
EHOTER R R, SITERIRAE R T EEAN BT Y
K ZITVER E BRI L7 (AL B RS AR A
FR M, Be 2 R B A B BORER B

SitgTH . thRENEHRKT e 4 T A TR R
£ KRR, SITETERRAEE ABUA R A Rl v
B BT R AR R SR IT . B RIE SR R
e R, B RFZIT SRR KRR Y
LS, EBRAR KRIEEREZ,

(1) BB HIRIEERES KRBT 45 1 ) 20 A

VARSI R L, TR — o7 i A0 i
FAF BB, X MRAER EE, B
MR, RRPE. FRITE. EBUTiEERL
A FKKF . EERORFHETXTFH—HRES
FoAk PRV 8 20 E B — MR T s B BROTER AT
LUESARMMEAHXR, X TR-HEES
B, KBEARFKNTGIE, BEAFRRE
ERPERBIRE; Sl DOEBEARR KL,
HHARKNSEE, BREANGRHEERER EE
St AV B L0 R RNTE . IR ZE B AR
ROR L TR S0 32 18 AR BRP#iTi, SRR T
DO fal e v A BIME— RIS R . (B2, IERH
TREBOTET UG HARKSER I, EEE
PUREUE V)& SERRRI S8, R AR5
BT AL T B Gk, HARH A2 ] A
R BE LLALR -

W FERWRME, RARSHERRH T
(7, BB T T LA I B A B R R T BT R
KA PP R R, A5 B T BEALEAR A AT DA
R —HEMIERTBRER. [ T XHLA R
B, WA NSNS, SHEN
SRR A R SR BEHRN AT LAGy AT ASRHIRTE M
NRERAE R ST REE A . RATE R U
AT E S H T B RNE AR S R
R &R LIS E, AERFFTR B ARSI
STFHREES, MRS L. AofmpiE
A A —REE R BR R A, RXAOH
Bk 5 R R AE K TR Z AT R R e K
By, XASHRBAERRESCE T 404, T
TR MR EE 1) R IE A B BT AP

(2) BEUGEN Z TREN AR T HIUE
PERTFHEAR 2 M H KR

st FHURTRE, LTRSS KRRt
£ 2~-3 MRS, EEMEIRS W B RTERIMR
LR BEBUTHIE SR BB T E I A7
KFEMT, BB ENTTEYRERE . #
R ERARE. © REIHMTHESR, BUtm



FagdE W2

g, 5. SRERGEES T T

* 3317

PAKIERE S iR R, B TN A
RREE: @ BERTHEEOUHE S, R
N BB R ARG, #RR
XAEHIT @ KEERTE REHHETENF
PR R UG R TR EEL R, HRE
ERTERI S AN, TR R R KR
HBRULRERTHRE: @ REREHERE
AR, BEUTTEP AR HIEEERARY, it
B RS, BRI ERE R B B i A A 3R
F R nT CURHE s D T AR, R
Z B0 it B B 284 p A L o L PR 1 st o B
A, AT DAK R 4R R B AT AR S s R i R ) 2K
,

(3) BHUGES TR SH M. RSPk
X5

BHOTEM S e XA “H R 8, SRR E
e e R I 77 AL R, TR PR R
EE B AR RN IPRE, BRI
B, ATLUE I Mohr-Coulomb #E W) B 3240 B 518
FIEYUIBEI: bR n] LU E e R vk m N SR
e AR, — BRI S0 0, RS
Ja AN PRE, WUERERAHERERD
I 7. BEITEMERNAMXREGEASE L
W, FERIRBIR B B, EEER
WIHERIR . FEAIE:. © HENERE, Btk
BT BkIZ = A RN 1 @ PrFaicE,
PIS1 N O TIASZYERF AR BB MRk IA T . oA
B R Y FEABOA IR S SR B R T 1 <O, Atk
AT LA S A D BUE B RUH BN R B, BT AT L
THEBINE RPN ) “RB” JEHN .

B HOTC T B A TR i B 1 4 A TR R
. HEEEOTETEEE LT &M, KRG, o0
DA B 25 K A BUORSR T, AREIR R 4 T &
BT AR MR, SBURHR R H B R
WE G NGV E, RIARBRIE. a4,
XA e E NS WA R R, HHEBXK
MNARE. SGHEREIRNEFN, NMEs
M AR ILE e, e, TR Lk —
AR 3 AEEWE, MR E R E R
BEE L RENLI 75 Sl ) i X e 2 1 R Bk
FRE KN EH, XA BH B4
RIdP e, BABENL SIS A S S8, BaTas
B R AR R, AT LU B — =

R, BE, EFE# DK,

5 BTFESEMRHFEBNOFETE
(CDEM)

KA R bR T RS T E) M E
oA NI g5 AR O 8 B S A T AR 2
TER KRGS . AR GZREERBREAR,
7£ DDA ¥, ¥ BHUTET RBASC TR TR,
Pt R A RTABERY, K B TORIRE ANERAK )3
HERSLKAR; FLAC MRS IEHERE
ST IEK AR . X EAR R PR FIBORN ) E A 2
MR, —MEERNEGOLE, BdESEHELY
MR, HHIESHEIEIN: 5—-FRIERN
BEAEA T TUREL, IR IR, SR R
WA, B BRRIE AR .

HEBE I FERTIEER—EHERER A
— MR TR, AR HE R R R
WK AR v AR B TS BT B #UT
#(continuum-based distinct element method, CDEM),
FE N4 CDEM $F 5.

WA S B EUTE—FE, CDEM 2 RAE)
BIAMEAR, BTG EHAEA R B ASR . #F
RIAEEFHERTE. WEITENEFLH., 8
WIWTREREFELUT 4 N7 H:

(1) B TRE SR, SR HRH
JUHI R B BT A A S S — . 3T
AR ICHI R A TR E RIS, BT
Z ST E Fil . T RBUTHI A MR SRR B
HAHXK, BTFARYAR M ARG E AR AR
. BARGER 0] LR R RIAR . i
SERRY TS AN [R]— 1 SN S S NIRRT A 44 B
JUR WIS R0, BUH TR SaE s ER;
LU AT R R EEMRN, BT A
KA AT RAERES 5hEUE, WEAREK
RRE RGBSR R ZM, T s IR Hx
PAREZ AW A HIE I 2L BT sk AR 4t
I, eI () SR A B R AR R R
T R B B

H EHERTEE Y CDEM BERERS H# A M B
A X aE R AR A B TS
A T 380 2 SO OB B OGBS T T
FEIX TR AR AR RS ] ARSI AR o B 2 AR



* 3318

HAN¥S TREW

2009 4F

P, AR WS T E.

(D) SINGWRKIMS, 555K NIRRT 3
BRI X

BRI SR A TR e, w5 T8
HREMEZN . TN LORBRHE, —i
RAF, PPHERBKERAX, WHENTHXRL:

F=-kAX 3)

MKXGYFRTLLEER], NIEFRIERE— N AE
AR BVRRE, ANULEE T FEM MRS LA
S BR-NEREEZHTNEEER, K
MARR A E, BORER N 4, BENL, HIHF
MYER R E RN AX . 5B HE N TFRE
ARR:

AX  AE

F=-A0=-4Fe=-AE—=———AX 4)
Ll Ll
LB E0(3), (4)15 B AR AL ) L BS503R N
EH
_AE
Ki==7 (5)
WA LR 7R
E
Kz - f (6)

A K, A BA AR ERSE BRI .

H(5), (6)RH, MR T AR b 30 S5 R
B, O THEHEEENERER 2 MEANS
Ho

WRAE AT R, A5 e s AR B AR
JURT RSP UR A NI M, B = SOBR
A, A RARNEBER SR, A, R
THHMBIRS, el THEARRBNGSE
WIBERITHE 7 i, K ER S ABEE . 5
JERERGERN (TR Z 3 2K

JBEGEE: ZHTURRN R Gk R R A fE 45
BATT LU ARG e, HR, SHE
JE S PR RS EOUR DN, DCET AT R #3
MR R 7~ LI, G5 H J2 B3k 1R B AT LA A
ENG)E

WaHE: SHENEETUNE, He,
LAER1G AR SRR R

fE Goodman HIHE R, BREELEHIZK
BN T, BTEERPAGENELERE, 4

MRS E RN, 42 ET 2 MR

MEREH N L, BMUHEEN £ R UEHBENE

BARKFERSN T F, B Au, FIRR, #T1E

BIGHBE R EF 2 ANEBFIERNIE N
_£ )
¢ Au,

R(NE: FRWE R —A BRI BRIk
HZH, CRETHEEWERE. ARMEEM K
ARSI SE, 3 B40EM
BT 3 ANEEHBREK, AOTHXRREL:

1 2L T
kE'E ®
oo KET .
1 E-2LK, ®
B2 (6), (ORI ENSGEH)E IR Ry
KE
K= - (10)
E-2IK,

KON LW T — DS K
Jitk, BE, WSS E. Rk
RIS, MEMmKRTR2KEER
XL 45 R T £ P91 B B BRI M e B =501
M2, RN EREE B A PCFHRIER 1000
%, SERRTFERN B PR ROR . O TSR
WA, T “FERE” SRR T

“TREE” MEHEZ: WREHZERZRENZ
HE B S R EAER M(EE 3~4 AR
g), FLEE TR LLRARKII R . IXRE,
=R RS A

AE

K= L 11
o (11)

A E ANHRESEMER, T ANESRT “R)”
HREHEREE, HRTEE AR 1%
Foti. XwHEITEEARERRRRE: SWiEH
ARAG KRR, HARAT LR AT &4
M EX AR R BB T3

SINGHZERIMEZ )G, SHRERRIESA T H
BB S, AN AR IR, RN
T WIBEAE A B B To g vt S R R

SR BUETH P ISR R T ISR R 5 EE
SRR R .. R, MEHRNERIE
FUBRARH 1% (L 8), FELSBAALRRE DT
1%.




o W2

U0, 5. RIEEARE T IA

*3319-

B8 IR WP 1% B A T8 =B m)
Fig.8 Displacement nephogram of fracture under gravity

when the thickness is one percent of block(unit: m)
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Fig.15 Displacement nephogram of slope at 0.5 second when

the strength is very low(unit: m)
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