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Abstract

Abstract

Firstly, in order to make sure the progressive damage process and forming mechanism of
bank and rainy landslides, a flow-stress-damage coupling model is developed, it contains solid
model, unsteady pore seepage model and unsteady fracture flow model.

(1) Solid model adopts continuum-based distinct element method, and could simulate the
process from continuum to discontinuum. In the program, each block element is divided into a
series of tetrahedron elements, and its stiffness matrix is also formed by them. The dynamic
relaxation technique is used to solve the force and displacement of block element.

(2) The control equations of unsteady pore seepage model contain transport law, balance
laws and constitutive laws. The fluid transport is described by Darcy’s law. Constitutive laws
contain the saturation equation, the relationship among saturation, pore pressure and relate
permeability.

(3) In unsteady fracture flow model, fracture network is divided into many single fractures.
Flow in each single fracture is calculated in its own local coordinate system, and the flow results
are exchanged with the other single fractures through common edges. For the calculation of flow
in single fracture, control equations are simplified Navier-Stokes equations which based on some
assumptions, and numerical approaches are finite difference method and volume of fluid method.
In this numerical model, there is no need to generate grids in aperture direction, and the
three-dimensional flow problem is transformed into a two-dimensional one, thus multi-scale
problem of mesh generation is avoided and computational efficiency of unsteady flow is
improved greatly. For the calculation of flow in common edge, control equations could be
obtained by mathematical derivation and the pressure nodes in common edge could participate in
integral calculation, so it could not only ensure the accuracy of numerical model, but also avoid
the influence of isolated fractures.

Secondly, a geology-monitoring-calculation analysis method is developed, which combines
the flow-stress-damage coupling model, the landslide monitoring data and geological
information, a link between the existing external responsiveness and internal failure mechanism
is established. Relying on numerical analysis, the existing monitoring and prospecting results,
numerical model is modified, and the changes of landslide are determined continuously. The
global and future state of the landslide is derived according to local and present state. On this
basis, stability prediction of the landslide is carried out under the given external conditions.

Finally, through the geological prospecting, landslide monitoring and numerical analysis of
typical landslides, forecasting of the landslide is carried out systematically based on

geology-monitoring-calculation analysis method.
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Abstract

KEY WORDS : reservoir, rainfall, landslide monitoring, forecasting,

flow-stress-damage coupling model, geology-monitoring-calculation analysis method,
Navier-Stokes equations
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HHE T, THEEHK, WFTKA_ETHERN 4n/d, HRHHER EFAKT 1
K, P 0.50 m/de BRI, BEARAKAL . FROKALRT SR AL ) 8 N 160m, 195m Al 200m; 1E
W kiR | bk R BRI E N 0.50 m/d, 1.00 m/d A 3.00 m/d; IEH R BEIE K
R PR A = T FRER E N 0.50 m/d, 1.00 m/d A1 4.00 m/d.

83



4 PRI R

195 | FEKA/m ~ -
185 A o
155 7 I,N-W_,.F——-—/_ \____ﬁhJ /_\,\_x , / - \/\/\ \_ J/
125 - /

110

Bl 4-43  JETLKALARALE
452 A[E “HFH” HETHIEER TN TR

H AT 3BT o] A, PEZKBKTE AN R s W or PRI S 1) R EER 3R, BRI AEZR & 0 T
W BURKALAT B KALSS 308 160m A1 195m, EHUIE S Lk 0.50 m/d FIIEH T BF#E 2R
0.50 m/d.

AN [R] B N B AP N D B RO T R BRI R, TR R KK T I B 3k E A [ T 5 A
25mm/d, FPERT IR N Ths TEA K BABY Bge HUARAE P4 MY 55 5 D 8mmy/d, %5 F% R 384 3he
XA T H S B LR . EE 4-44. B 4-45 F1R 4-7 WLUES, ERTHE 16 4
FE B BERYS b, Y AIHERS B 22 AN BARE, 25RO AR BARRIR

U TREAE P 7KK TE A B e B 388 I W 8 A 40mm/d, K P 7SS4 10hs ZE ARG /K AR B
P H ARG P R 58 D 8mmy/d, B BERY BT R 3he R THLH B I LRIE G, M EK .
HE 4-46. K& 4-47 F1

® 48 LIE N, EXMTHRAET, A EHER I 18 MEAMIN, FrREok
RBA o
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1
0.9
i
& 0.8
=
0.7
T e —
1 23456 789 101112131415161718192021 22 JAR
Kl 4-44 1T 22 AN N S B S0 TR AR AL ]
R AT IEFEEKEKVE LR B AR IR T S PR O TR AR
RN TE TR T TE TR T TE T L
517 KKK 5518 KTk 519 KKK
FEAPE R : 25mm/d 0.905 S B W SR 25mmy/d 0.913 HEA P T S 25mm/d 0.923
g Py : 7h HhfEmI P 7h HBEM IR 7h
517 PR 5 18 IKFE/K 55 19 PR
FEARPE I GRAE: 25mm/d 0.908 A [ W S 25mmy/d 0.917 LS [ W SR 25mmy/d 0.929
thfEm P 7h TRERT IR 7h RN IR . 7h
Fili 7K 34 Fili 7K 3 Tl 7K
PRAEBE TSR . 8mm/d 0.908 PRABBEFT5R . 8mm/d 0.917 ARAEFERT SR 8mm/d 0.929
FLFERI PN . 3h FLFERI PN 3h FEPEM I 3h
3 20 PikK 321 IRBkK 5 22 IRBKK
SEARPER AL : 25mm/d 0.938 FEA B W 58 Z - 25mm/d 0.957 BEA R S 25mm/d 0.983
TR 7h TR OIS 7h HHEERT IS 7h
520 KFEIK 5 21 IKFEIK 5522 IKFEIK
FEAPEM AL : 25mm/d 0.946 FL A N 95 - 25mm/d 0.968 FEA P W 5 - 25mm/d 1.00
TR I 7h HERY IR 7h R IS 7h
FiliZK 3 Fili 7K 3
ARAE RT3 8mm/d 0.946 ARAE RT3 8mm/d 0.968
HL BRI DI . 3h FIRERI IS 3h
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B 4-45 55 22 URFF K+ AR [ N o B+ v Bk 9 D I 7 00 T 20 BRI A8 PN AR OAIR

R 48 IEH KRR LA B N 26 1F TR S PR S R

TH THTRERE T eI
5517 YakK 5518 KiBkK
FIHEPREMRAE: 40mm/d 0.916 FHRPERRE: 40mm/d 0.964
KFERY JfF: 10h KPEM I : 10h
517 kPEK 5 18 IRKFEIK
FIBPERIEAE: 40mm/d 0.929 PR RE: 40mm/d 1.000
KPR PifF: 10h KEER I : 10h
7K
AABPER SR E . 8mm/d 0.929

KRN . 3h
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0.9

J|

R

& 0.8

0.7

0‘6 v B B
1 23456789 1011121314151617 18192021 22 J

Bl 4-46 2P P I 5 K B T P ISR 0 1 S BT S N SR U IR

4-47 5 18 URFE K+ A R 9 L K P R DD IR 1 DL 2 BRI A BB AS

4.6 g

(1) HHHBBT AT T 45 P PRI SO R S AR B, B KPR 22 s T3 INBCRIE(E 4-2
W ) RIS R, AR~ Wk Rn B B SR TR 5 S
WA AT, ERERTEE TIRFORES, HIEFEMARRE 7 R R, TERR Lo N A TR
RIBRAR . XTHEER 3-1, WP PRV SCY BRI 1 o8 R FE AR I B b A R e IR .

(2) HRLEEIA RIS H: W3 KoKV T KRG I A AT P YAoK - 7K RE AN
AR NN RE, AR 7K NS 22 R SR A7 B R s 7K At 2 o) g 3 (0 A i M
BRI, [FBS BT 7K B A OR AR, 7E7K I IR 6 T 7K R &) Bl AR Ak 1 A
TSR Z BR KB o B TR LK R Rk, AR T30 SR 3 1) & 2R R E4300 AH B 51 @,
T B R, RUE S ERE Y iR S WA 2 8 R S IR B b A R e R4S

(3) F e D P DA H 4-10 BoniEs Il T B =B AUR R B, A 2008
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12 312010 4F 1 H, WEHGHEAN TIEARTEH B, OB TR IE LS 24.7mm/H, 1 H.
F X IR AT R AR — AN KT SFEET R 3-5, B FEEE S mR S E N R R
B B AR RS o

(4) RAONTEERFN: iR R B EEEKEKIE R, WA B 5 1N R R
THE (B 4-26), X TCIEM RS AR R oK I, Ui A R K K TE R R T
RIZ, BRI L mEe K, (HE N, B2 SECEPRE RV BN R, W
FRE Y E BB IE B RO, B/ B (/KA RER RIE I, 10 43 M A TR IR TR AS
i B Gt

(5) AT REMN: FIRE S HEK AR 56.3%, B H PR H & HKEA
Q, MIHIK TAEHK R UAELH KT 0437Q M5cfF. Fitk, FIREY 252 SRRMIZM
IR K HEK TR, 2 ANRAIT . R U ST &K THE, X a0
PRI R .

(6) ZAFTRI TR 45 TR W . AN 5] P4 TN 2 A B4 RO DI o T R LR &R, 78 PR KK T By
BORBUE A PR SR EE N 25mm/d, TR I The FE RS K IR Bk B AT 4 RO 5
smm/d, FZFERPIIN 3he XFh THLAA S I LR & . HE 4-44 FIR 4-7 nTLLE
t, TEFTH 16 A BARIEAS B, Ui HERS B 28 22 AN JE AR, SFERE 3R AR BARTIR .

(7) S5AF TR TR 45 SR BH : 7E P 7Kk T& B Bode B a8 4 WY 98 258 40mmy/d, P& R 7
B4 10h; 7EAR K BT BLE B0 E B TN 3 S8 Smmy/d, FERERY IR 9 3he SXFh o H B
JUREN, BEIRER. mE 4-46. B 4-47 i

® 48 W LIEH, XM THRAET, AnEHER I 18 NI, FrrEok %

PRBEIR . XTEETIE 4-45 R1E 4-47, J5E AR A B AOBBIARE B B K i, Ul W) jxt
ERARGES GO CX (SAE
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5 RKFBIN RIS

5.1 "RIKHAHTEI B E AR FHIE

EOK IS AL T E R LLAR 300km K= P, KITAFRE (& 5-1). BHF NI,
WIRATZ EFEL) 100m, G2 mFEd) 319.5m, X EZE4) 221.5m, “FHIN A K EZ) 434m,
M58 358m, [HIARZ) 11.82x10*m?, 1EAAFIEIEL) 34.5m, SMAKFIZ) 407.79X 10 m’.

g g IR
= e N L
S / %
L > P ). 2
“ L/ Lo st
(/> § V4
i L]

hS ShanxilProvinge 7
A 1y

= Vi
Changjiang River
- [V i -

f {
by - e

h

) 28 Liangshui jing lands|ide

4 v 55 /
= A . Hubei Province
1 4 i B s

J

WarRS 5%\ Guizhou Province
-k S i;’\/

Bl 5-1 BOKHIg I HIEAL B (HLfF) 1: 1500000)

KT DA X 3558 ) s ) oot e e 3 RLVRT S o b 35, 7E 2008 AEIF 3O AR I, M AR
WFHESE “U” B, R 2 PiE R, medbk, BB isbe, drstte
Wo%, HIRMEE 30°~35°,

TR P ER I — (B 5-2), &A1 737009 342940 351°, K73 A108 250m A1 220m,
IR 40°~60°, #INIKZ N “V”7 B, RTHHKENEIE I, NERER, L
AWK, KEBHZEZFERNE,

T AR E M 2 T KRR e, S S R EEONKIIAE, BT iE X
WATLHUE B A, WIARRECR, KRG A NILEEE ] Reicth, HRURRER S, #HE
LS P I AN TR w1 A, AT R AR s oA A .
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river flow direction

K 52 e

ZIE S H AT E S GO KILHUE . WX ) — & HLHHEZ) 600m). & (L)
600m). /3RS 1500m” FEE AT A 11 /7 55 N(CIREET) . 183 R 1A A
CHE AR FIFEE b e 58 % . i R AL A (B 5-3). HRFE B2 309 1] Xof gt 70y b 2 2 (0 O 000 &5 B
BN, SRR SAARFRRRENE RIS, W B TIREM B, ReRE&AR
FasE o

K 53 GREBIAE D

EE FEXN R EEONKIIAHUE, Tz A RIIATEE 7, ERRECR, %
o JE v A N BT B, T RGRIRE s,  H B UM T8 R AR M Sl 22 4, &
PR 2 e Al
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5.2 BT MR 1S B MRk R TR AT

5.2.1 iR

WX NRZNENRIZEE S, EHEHEEE LM NES MR, Nea. bE,
SR~ XL . AR R A B ER R R, A S RIS R oA B — B AR, T
Hi¥E R 3400 £45~48°, MG TN 340°251°. IXARMRKRE, TFEKEMWHTTEEZLM.
FoIR 29502900, TR ZEfHK 2~6m, [AIEE 1~2m, sk, REANTE. EFE, 5kITF
FEN 0~Tcm, ZFBREHRE, 45462, NEEMES M, PR 28° 2870, FHIEIZE(HK 0.3~
2m, [AEE 0.2~3m, sk, FFEUE. FSaiE, KITFREN 0~5cm, BRI, 456
— M, REYELE R .

Bifl A 5-4 Fia, ZK1-ZK6 T 2008 4F 11 H 8 HZ 2008 4 11 H 25 H5E MK,
HAM A FL(XZK1-XZK22)F 2009 4E 4 H 11 HE 2009 4 5 A 18 H5Em, A T IRBI/KH
DU AR S50, S 8 MEhFL A0 T /KTH LR (XZK14-XZK21) . &ifR 1 B 7E T4
G R It B R R, RIS BRI E NI SNBSS 2 . EERIERE T, e
MW EWARE G KA, MLTFETZEZEE . AR EARKIS, K
2 R BRHE K -

Kl 5-4 thFR S ORM@ 7 HIACER B 5 (173.37m) Al K (143.3 1m) /K AL, A5 5@ F @43 3
RFE 2009 £ 4 H 11 HFI 5 H 4 HEHIKAZ.

WRHE TR BRI 22 DL K B e iR 0 2, B X 2 EZON S0 R A T Q™). &
DU Z BRI AN S AR RS H(Qu ) B DU R RS R AT . BB RS 1 (Qa ) bk
HERUAR(Qa™) tHt AR - (Q " YAk T R SR AL 5 WA HZ(Da).

WIRAZF=IRA 340° £45~51°, AT EEMERIR, XNEBELER 2 HEH
BRI, IR 295°290°H1 28°.287°. WHIEIKES SHBHIEAEAR -, FEER, +
AT IR ET AL Z% . IRPE A ARG 851l HIEEE, HUKIRESIE sh A T2 Y &R
WHOERE S TAREE S A, BT W D RE (S EE 3~5cm, HAk L2 EE
1~3cm), HHEHTHEAHGTE . Jed o B, SilhEURIZ R ZE, (HARTE A FL1E
Fo th 2 A5 AN PP RS RHE, SR AT i A BN A VeEPon SHCE T .
IKBER R Eeifliais, Wa. Jeadiva Novmgind L, &b o EARTL g wME, b
TS, WAONKEEE, R M . IR L EERE, RRKEEN
ZX6 i, JEFER 44.1m, WIS MJESEGE, MR EREBAAKR, TEHEE, fg. G
SRS e, PRI S BEBMR N o SR, AR SO HER IR E R AL B
RN E N

BB AE AR, WAEKMEEZE, WKL, T KSR IR E %,
RIAETERE, WA A E RERR., SREAMEE, M FHREZEKIT, R KA

91



5 ORI TN AR 7T

FAZE o FERALIRAL ETH, YL KAL T3 R KA IR A 3 R K. # R 7K Ttk
AR E A S, B DO R K S R RO B AL R KRN 2 5 2K

I 3 %
4 2
_ , | XZKI8 | XZK19
A XZK17, \d £55
" % | XzRis - XK S
w XZK207 X o\ 4
w1 W A =\ ]
\\;*‘ AL Xtk ;szlz ‘-_'_XIKIJI A
AN o - e
. N o s | A VS
N @ IR — s —
N = Xz g
XZKT % X7KS, Pk e
Ln\ ~ Yy . » / LF1 '.
i 3,k i q',‘? .
1 \:ﬂ. ZK3 .' ) ] ..
XZKJ'.'. &) S L XZK5 | L XZK6 Vo
o2 XIK4L T Y - - Z
g ' ~'¥6|’I.IZK2 t 'LI'J
% R —
. ) Zn oKL 0 X
2 YIKT @ o
=S5 =5 : LF1 © .+ S
(S X'L K2 2 = [—] Water line
) — i . []Section line
,ﬂ". 5 ° 3] Slip direction
iy — a1 = -
%ﬁw She LF l‘ > _- [w| Borcholes
. A__ e 2 0 3
5-4  ghAL SR EE I AT
* 51 WHEREE %
AR
s EFE (m) EHFLIRIE (m) TR B (m)
X (m) Y (m)
ZK1 36606553.12 3425714.09 263.61 42.5 19.00
7ZK2 36606558.65 3425739.89 242.20 43.0 27.30
ZK3 36606552.77 3425777.86 200.34 53.0 30.20
ZK4 36606548.27 3425809.19 200.51 59.2 39.90
ZK5 36606542.45 3425855.35 190.80 56.8 43.00
ZK6 36606533.69 3425906.71 173.69 56.8 44.10
XZK1 36606523.44 3425696.68 265.33 40.14 24.95
XZK2 36606600.29 3425706.18 262.30 40.10 27.60
XZK3 36606447.36 3425764.14 222.22 47.80 33.20
XZK4 36606514.41 3425749.01 232.70 52.11 28.80
XZK5 36606594.35 3425761.53 231.00 56.10 38.20
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XZK6 36606668.92 3425761.43 220.02 34.80 22.10
XZK7 36606435.40 3425819.92 197.67 45.92 33.00
XZK8 36606500.66 3425813.75 200.82 55.40 33.50
XZK9 36606588.84 3425813.85 198.49 40.30 26.80
XZK10 36606659.30 3425825.68 198.22 42.36 27.76
XZK11 36606487.53 3425880.01 173.82 48.60 35.20
XZK12 36606581.20 3425889.06 176.00 53.50 41.16
XZK13 36606650.48 3425884.90 173.50 53.90 39.10
XZK14 36606415.18 3425914.94 136.60 35.20 20.60
XZK15 36606527.13 3425946.13 151.50 63.50 38.90
XZK16 36606639.71 3425955.83 148.30 54.60 26.50
XZK17 36606469.65 3425967.41 123.40 30.60 16.90
XZK18 36606521.09 3425985.90 131.60 38.10 27.70
XZK19 36606570.52 3425984.89 124.30 25.70 9.50
XZK20 36606477.05 3425930.44 150.80 43.80 36.40
XZK21 36606573.84 3425952.16 147.00 53.70 33.40
XZK22 36606475.47 3425690.43 264.81 40.75 26.93
333) Elevation (m) 1—1" Engineering geological profile

3 A The Liangshuijing landslide Scale 1: 500 Legend

! The :[0\\*11 of the landslide X:l\;:l:;”] giﬁxﬁm
250 _Vit.rack (LF1) filled soil boundary
Jos N Alluvial soillSd Attitude

260) E= Sandstone ] V.\famr line

al Slip band _/ Mudstone  [*] Crack

220}

200

180) 50341340511 The highest water line of § year flood (173.37m)

6  Present water line of April 11, 2009 (160.00m)

. ~ Present water line of May 4, 2009 (156.70m)
140) K18 "The lowest water line of 5 year flood (143.31m)
Shear opening

20 u'zn‘ﬁo'usu

100 J25 3 EEAD‘

80) —

P
60 J25 N ;."
|40 3469 | 3504 | 38T 26,10 3761 4071 40.00
K 5-5  1-1 LR

93



5 ORI TN AR 7T

22" FEngineering geological profile
315 Elevation (m)

X The Liangshuijing landslide Scale 1: 500 |
300P — The crown of the Tandslide Legend
280) S ——=Crack (LF1) E74 Gravel soil Borehole
Artificial Geotechnical
260 filled soil boundary
Alluvial soil 5] Attitude
240) = Sandstone =] Water line
23 Mudstone [ ] Crack
220)
. L4°56' 1 345245")
180) Qs The highest water line of 3 year flood (173.37m)
160 456 (345 48°) s ¢ Z | XZK20 Present water line of April 11, 2009 (160.00m)
N : _ Present water line of May 4, 2009 (156.70m)
140 4156345 042 “The lowest water line of 5 year flood (143.31m}
120 JZS
10 s ls056" (3487511 -
s : >
80 st .
50 Jis \\—_,j - ]
43 ———
[ 53.80 66.15 6754 5092 3809

B 5-6 2-2 M HITH

;25 )| Elevation (m) 3—3" Engincering geological profile Leend
‘ The Liangshuijing landslide Seale 1: 500 . 8
300 ‘ The crown of the landslide | EZ Gravel soil Borehole
v Crack (LF1) Artificial Geotechnical
0 filled soil boundary
2%0 Alluvial soil &a] Attitude
: E= Sandstone  [3=] Water line
240 Mudstone Crack
220
N XZK9
200 4639345 45') \J Crack (LF5)
180 B ¥ X 12 The highest water line of 3 year flood (173.37m)
160 AN .J ~. & = p— ™ !Presenl water line of April 11, 2009 (160.00m)
AT z ) K21 Present water line of May 4, 2009 (156.70m)
140 N Slip band ZKlg'ﬂwlnwust water line of 5 year flood (143 31m)
120 W3 AT LS st Shear opening
N N,
100 50301345 42')
80 AT ST LB st
60)
40}
[ 35.68 2070 78.65 61.27 3361
(= 37
Kl 5-7 3-3 LEHb5
330, Elevation (m}) 4—4'" Engineering geological profile
320k, The crown of the landslide The Liangshuijing landslide Scale 1: 500 Legend
|
ool Crack {LF]J B4 Gravel soil Borchole
Artificial  [#] Geotechnical
280 filled soil boundary
260 Alluvial soil =] Attitude
) B Sandstone =] Water line
240) E= Mudstone ] Crack
220)
44°56"(345° 145"
200)
180) The highest water line of 5 year flood (173.37m)
160 Present water line of April 11, 2009 (160.00m)
i *Present water line of May 4, 2009 (156.70mm)
14 ATSE 50 “The lowest water line of 5 year floed (143.31m)
120 JZS Slip band Shear opening
104
LG (34545
80
60
4
[ 88.10 S7.07 97.93

5-8  4-4 TR I
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5-—3" Engineering geological profile

The Liangshuijing landslide Scale 1: 500
28 i Legend
. E7 Gravel soil Borehole
260 The crown of the landslide [ Artificial Geotechnical
~_ Crack (LF1) filled soil boundary
2
H Alluvial soil[=] Attitude
220 'L'-; : Sandstone -] Water line
, Mudstone Crack
200 g
180 'The highest water line of 5 year flood (173.37m)
. T o h . .
160 HIT T \ s Present water line of April 11, 2009 (160.00m)
- Slip band " Present water line of May 4, 2009 (156.70m)

140 “The lowest water line of 5 year flood (143.31m)

120 4515’ 1345°246") ‘ R ™

: \ _ Shear opening

\
100 Jos Sip band Y
80)
1T16 (345 048 = //'\
0 \ /i
\ @

I § et /
[ 6831 5995 3261

K 5-9 5-5 LREHE

WRAE LI P E IS W HTEA . VISR, Z5a g HIE BUR BN JECE B
JRZE AT GAETTAK R R LR YIEIER T, Arsimas, ForEigts, PRI
Mo B GZ I . T S AR K AT AR R O A B, HRE L NI EERER
K, EFSIAET, Kl DL MR e E = Ko KA A 1R B AT 2, FFAETKK
WIERI N A R i, PR &IE IR S . test, BrEsoemla, R,
FIMh AR T, B X R Bk BE A A X A SRR = DA KB B 05 AR R AR K LA K B
S EER N HER TN TSR R, BT R BVIRTE SGE R h aTEE,  Ja B
AR O R AR R WA A
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Jn e R 4

[

%—Wl\gﬁ:

S B T ) ) LT B

S SRz i e %

. AT
P NEE
JFCA TV T B

BHIE B IR b, 38, )
KT

GEUEE
o BeE M Z Ik, It
R TRE

AU YR T T 4

HERUK) T HEA B2

FE T SRR 1

EHLINREE
YRR EABHER N 2
Wolr% L ITRK. RAGAERT™ A )
PR BRI i 4k
BT, 8. YIFIER,
FA IR T 3

RSN
Prig s o

K 5-10 DK AR AR =

HI IR AT B 300~35°; WIS R BERTSE, B4 LE, J5soE — oy 35~
45°, HIHEBHE Moy 8~15°, FFid 1 i EHEARRD )= . A B RS i
L. MR PO EERE, T M . T G2 R ORI B A, AT R AR
BppetE, B CARIVE R . KSR AT, RKIA B R E, HiL 5
28590 I UL NI — iy R AT W R RIS, T S P AR A AR BN X IR 341,

R K HT 34 BIPIRZAS B 52 O R i FR R B B R R A IR o
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5.2.2 LAREEIR R A RAERIVEF

SUREEX 175m WRIEPEBEK)G, KO EFRgm, HAGRES HILTA RIRR A R R
BT, 2009 4F 3 HJE/AKAL PR 160m BHEFER, WEHASTEINE, FERI GG S E
FEEE LT TUE (MR 5-2), 1Irh ke m bR h 2% . b pr AT V)28 LU L PRt
25k, HEENAALE NS 5-4, A ERRGERHE LR 5-3~F 5-8.

DA S SR AR T DL, VI AR SR o sk, WD BT D)3k, Ze4ETE
40~410mm, FH#E 20~660mm, J&5 S RAE TR JE S MR, P B 1) 244 i )
NS TR 13RI RS b IR TR NI AT R, SR AT W e
WM BIIE s T e AT R 4% T EONIB AT R E RS, w0 ss i A 1)
e (SENIAn

B TEE FKRA KL, Haed s E 5 W %5, KBS0 1 B I 2
4%, DR SR B BRIRAS T € 9 /3 AR AR B B ) R B R4S

F 52 WYL TS LF1 FHIER

i 5 "R FLERFIE

I ST ERA s, AAMI, REET 40~
80mm, NI 20~60mm, A WLIREZ) 210mm, #E
M%) 157°, N RAEE, FTE BT IR ke
)T 5 B0 15 22 N PR BT D01 F T B AR 40 85 2 34 1)
PRI EE ORI, %R AEIEM LR E

I

2 ST AR A, AN, 5% 45~
67mm, FHEFEE 126~155mm, EHZ) 166°, Jyiit
Hh R RLEE, B T R A B S SR A S A
TE R UIE FH TR R, AR B S 0] ) B I 25 SRR BN, %
RBEER KR

J2
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I3

B ST ML S, 225858 210~380mm, T
PR 650mm, A LIREEZ 410mm, E[R1Z] 170°, A
Wit R R A%, R B (T OR AT BT R B0
T AR R B IR 3K AR FH T B, AR 80 25 350 1] ) s 0l %

J4

J4 ST ML S, 225858 260~410mm, T
PR 550mm, A LIREEZ) 480mm, E[A1Z 147°,
Wit R R A%, R B (T OR AT BT R B0
FEATME PR AR FI T F, R 880 72 341 I 1 sl 6 2R

J5

I5 BT i, 4545 171~235mm, T
P 350mm, W WIREZ) 210mm, ERL 174°, K
Wi R A%, R B I R AR BT S B0R
TR R B VIV TR B, AR 4 46t 2 00 ) s 0 5 SR

J6

J6 ST AE A S, 4% TE 246~329mm, N
P1EE 430mm, FIREL 170mm, ERZ 156°,
i R, 3B B T SO A F T S B A S
e IR A B FE TR B, A 46t 2 00 ) s 0 5 SR
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J7

J7 BT ML G HS, 225%9 171~235mm,
P 420mm, RLGETRN -LAARBAARY, Z44% CuhiRdsk
PIIRA B A 70, REEE MY 184°, it RA
4%, FELR TIOR3 T 3 BUR AR S 2 0 PR BT
VIVEFITE B, AR 2 0] () M 25 TR I, 13485 7E

I8

I8 ML T ML S5, 2445 163~331mm, F
P 620mm, FJULIREL) 70mm, EMYL) 153°, A
Wi FAEE, B B T ORI BT S B0 A S
JE AT PR AR TR A, R 860 2 341 I 1 s 6 2R

19

19 BTG & A M, FEETE 634~873mm, Nk
J% 458mm, T ULIREZ) 858mm, E ML) 86°, NHThE
MR RGE, R T R AT BT S BUR RS 5 &
TERIRBLAE F T, AR S S0 ) f) M I 25 SRR B, %

J10

J10 SALTF RS A, 24425 913~1213mm, F#
I 88mm, A WLREZ) 673mm, FEMZ19°, TEN
LR, RPARTLAEETRITY) 20mm, T B TIE
AR BN T B0 A 5 5 S8 IR TR BLAE R G AR )
AR MR 25 S, IR E AR S R
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J11

T BT IEghEs, #He%5%E 123~1157mm, £
B, B 128, i ERASE, FEREMT
TR BT T B AR S S 2RI R SR A F T R, AR
P A5 R (0 M A SR R IR, LR SR

J12

JI2 i FIa G Es, R M des, wrie
Rt B E RIS A T, R A
T, L 1.5~2.0m, AERZ) 65°, SRR
48, T E R T SCR RIS Sl S E0E R 5 R &I IR K
PRI, AR A1) A B 45 SR B, 123484

J13

JI13 RALTJE &8, RSN AE, JiielE
4, FERS AT BRI AT L, HAEWRA T+
I, Y 13~17m, ERY 57°, AFEEHER
4%, FEOR T SO AT BT S BUR R 5 R G0 IRk
FLAE T R, AR S 2 A ] 1) M 5 SRR I, 1SR AE

J14

J4 GhrFiagrb, REEMNIes . mnyiE
et FER N E R AR A, R A+
R, THL 1.6~1.8m, EMYL 55, AR
4%, LEGE I TR AR S S BUE A 5 5 SR IR 5K
FLAE TR, AR A S 2 0 1R) ) S 2 SR R B %2R A
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J15

JIS S TIRGAM, 2B ATeE, By
., 2457 TITZ) 320mm, £ 0.98m, &M £ 38°,
S e 4 R 5%, B T T R AR Bl S O
55 5 G0 PRI FE TR 1, AL 85 750 39 ) iyt 45 SR K

J16

J16 MALT RN, REEKITZ 270~340mm,
AL, RG] IR 420mm, GERZ) 72°, 4
Wi R R A%, R B T ORI BT R B0
J5 S0 R LR FITR A, R 880 72 341 I 1 s 6 2R

17

N7 SALT AN EE, R4%% 195~232mm,
T 9l0mm, FsE LRI, EMY 175,
DR R G, R T IR MO Bl T S B A
S50 PR B AN R A T R, AR 4k 88 2 U TR )
SERRI, B R .

18

JI8 B TA ML S, B2 %5488, R8%EE
% 2~3m, 4% 195~322mm, FHEE 150~
320mm, WARME, WM, EmL 172° , FfkE
Hh P 4%, T T R T ORI B T B A S A
TE R BT UI RSB AE FER i, AR 35 2 30 1e) e s 5 SR %
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J19 SR F A ML SRR, 4458 255~452mm,
T 313~483mm, ERM S, WARMAME, ERL
164° , Jygrtpih s, FEE M TR

19
SEOEAR S A M R BT YR 3K R R, R 40 S 7 1
[) g W 45 R B, PR E RS R R .
X 53 LF2 REEEHER
G's & ZAUEREAE

PBENT TR A, RAEEMKIEL 16m, &
[ 165°, Z448%5 )% 10~35mm, JCWIE Nk, s
MhGE, FERE T AN S B UIE R, R
P A AR M A SRR, R SRR

R T IR A, RAEEMKEY 16m,
] 165° , Z44ETENE 20~55mm, THIETF#, BHE
RUURIE A 180cm (XTI, NFréfiikigs, 1%
S HH TR B ST U AR R A, AR B 7 35 1] )
MARRIN, SR EHSERE.

PBERT TR A, RAEEMKIEL 16m, &
M 165° 24489505 5~15mm, THIE T#, At
R, FIRH TN S BIYIE TR, AR
BhAT IR B IS ORI, SRR SRR
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#£ 5-4 LF4 RREEE

FUERFIE

ZUBENLT IR, XZK11 JE, & 45~60°,
K EEL) 140m, L4595 110~280mm, 7 &
29 250mm, o HO S, A5 SO, W] 0B BEZ 440mm,
HH I RS, ARG JE NV AHERT T B BT U]
Fe5%, AR S A R (25 SR IR, 1SR e AR AL
RIE.

ZE AL TR EE, XZK11 J50, [l 45~60°,
AP L) 140m, FEETEE 90~230mm, FH&EE
2 210mm, A A0S, A5 S0, T RLERBEZ) 300mm,
R G, AR S T AR T B Y D)
2455, AR AR 0 I ES BRI, AR AR L
RIE

ZEET TR R, XZK11 J5, A 45~60°,
SEARICEEZ) 140m, RE%%E 60~170mm, FH#&EE
29 110mm, ZEaflE, A EMHE, K35 Cptmi L
WL, AT R RAE, AR S AR
R BT Y1284, R4S YA R i M I 5 SRR, %

ZUE ATV S, XZK11 J5, i 45~60°,
AR EEZY 140m, ZEETESE 70~110mm, RBIZHT
TAREBRK, LHETH, NFehRug, AR
B e O AAHE Y T i BT D) R4, A Eh 2 S R
WG RN, ZRGEER KR

103




5 ORISR TN PR 7T

#£ 5-5 LF5 RREEE

FUERFIE

RGN T ET R, AE 17 85°, I FZZ) 35m,
YLV LY 150mm, JCHIR T, AT IRFEZ) 40mm,
DUHTIE R AESE, B th T AT G AR R AL
YERTT 2SR SRR BT VIR 4%, AR 4w S 25 0 1R) £ d
MEAERKI, SRR

RGN T TR, AE 7] 85°, K FEZ) 35m,
YLV EY) 250mm, JCHIR T, AT LIREZ) 50mm,
DUHTIE R AESE, B th T AT G AR R AL
YERT 2 SR SRR BT U124 4%, AR 4 S 25 90 1R) 1 d
MEAERKI, SRR

ZLLEAL T ISR A AE ) 85°, IR EEZ) 35m,
HEETEZY) 350mm, JCHIR T, OhfiiEin e,
2B T ST SR AR K AL A TR 2R 51 TR R
SR BT D)L, AR 2 R I 5 RO 1%
U BRI

% 5-6 LF6 R4EREE

i

REERHIE

=8|

ZLEEAT T A, RAEIEIPKEL) S0m, &
4] 75°, Z44ET00F 22~45mm, 2] 55mm, L6
JaiE, AT, ZBEATRIREY 60mm, e
RALE, FEIEH T RN GHIVEREE WA B
SKALVE TR, AR Eh 7 30 v 1 M 8 SRR, 1%
PR ER B

104




5 ORISR TN PR 7T

PBERT TR AT, R IEMK EY) Som, &
M%) 75°, S48%% % 22~45mm, FHEEZ) 160mm,
ABUE MR, TR, RBRTALREE 85mm, T
i A%, T B T RS ARE . YA
F S TR ALAE PR, AR 0 A 40 ) £ M 0 5 R i R
GRBETEAR AR R

M3

RN T ISR, AT EL 50m, &
%] 75°, Z8%5 5% 31~55mm, THE T, BiRE
WIREEA 167cm (XTI2), Agiffihkidss, FEE
BT R4E TSR RBE . 1 AIF NI Tk bR TR R,
AR I 2 A ) T 25 SRR, B AR SR R

*£ 57 LF7 2L

it ] REERHIE

SUEENT T I R TR, XZKS A, A [ 45~60°,
AEANKEL) 40m, REETEE 40~150mm, FH&EE
30~50mm, A WIRIE 40~60mm, NFTEEhFZILE,
TR T AT S R AR PR ALAE YR AR 51 R AR
kb By IS4, AR I A R O I A SR R, 1%
LML R

ZULEAT T h AT RS, XZK8 A, ] 45~60°,
EMKEY) 40m, FE45% % 60~180mm, &L
50mm, ] WIFIEL) 40mm, JFTEEH Rk, THEA
PR 7 3BT A A R KA A R 22 51 B R sk
BUY)ZESE, MRAEEh A A MRS SRR, 1% aETE
YRR,
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B8N T IO BT, XZK8 M, 7 45~60°,
AN L) 40m, Z4ETEE 80~170mm, NIEEEL
90mm, W] WIREZ] 190mm, NFEEMRRLE, FH
J2 FH TV A G AT KA A R 2 51 B 7k
YD) REE, AR A p A SRR, 1%k
TESBER

B8N T IO BT, XZKS8 H M, 7 45~60°,
AR LY 40m, 55501 150~210mm, R EE
2] 120mm, B ULAREZ) 110mm, N RS,
B B T AT G AR TE K A AR R 2 51 T R
fakhr BT D14, HAE AR i HE N 45 SRR B, &
HEEAEIR KR

*£ 5-8 LF9 R4gHEL

it ] REERHIE

iy

L RLGE LT B A I A, R B Y
45m, EMZ 171°, REETE 311~367mm, N
140~310mm, Ayl RAEE, FEEh TR,
N A8 B A TR I B 115855, AR Bl 72 90 ) 7t
MEERRIN, ZRABTERERE.

R 2

%LV B P AT W A, A K B 4
45m, EMY) 173°, F5%TE 380~422mm, FHEE
140~310mm, ZKAME, 70K, HFTEEhRR
B, R T RGE S A B F Y U B D) R
g, ARIEEHE AR A RIS ORI, ZREEIE4R K
J&.
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L RLGE LTI I P A O A, S AR B Y
45m, EMZ) 173°, 4455 270~361mm, P&
170~290mm, LM E, LMK, JoBrifihi i
B, FHLR T ARG MR ENAE R R R BT U2
H, MR IH A IR MR 45 SR, IR AR R
Jig.

R 3

5.3 ETIENE R8VRKH B HAHR ST

5.3.1 ®&EFEDT

Section line Slip direction
DBKI-1 Surface crack [ A]Deep displacement
monitoring monitoring

[&]GPS [@]Surface displacement
monitoring monitoring

[®] Rainfall (@] Water level
monitoring monitoring

K511 A3 &80 K

N T RETIIN VR ) A B It e B IR TR S WG e T, TR e T S A A s
0 R 45 SRR F R T B A 5 R R s IS a3 KT 35 B S AL I R G e d
RAIRg, RAIF, HigdaE, GPS WM, B CHLEEM, MR- KA, A
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K 5-11 fis.
5.3.2 IR BB NEIM

T IR EBALFL T 22 B A M UL FL N LR R i, 5 b T AR 7 RS A SR B AR (8] 5-12
(@))o HIFIEFEBNNS, AN B, MR ARIREC AL FE(E B IE DL — 8 IR AL 6 2 I
R (B 5-12 (b))o I A 2 B R BUE 25 M 2 2 [ AEAS o B0 325 AT RE AR 408 175 10, 1T SIZ A
PR, BHERE R BEIA 2] 0.2mm.

Displacement sensor Steel wire /L ﬁ L
Heavy weight »
Slip mass —Galvanized pipe
Slip surface
- MFﬂSllﬂng
pomt
(a) TEHIF BT (b) WG

K 5-12 RIS MR B

SBK1-3 Displacement monitoring together with water level
‘l:l water level —— top point —#- central point bottom point
1.0 17 185
0.5 A A AN AN A 180
el 4175
g %0 170
E o5 | E
| 165 -
o >
g -1.0 r 160 2
g 5
< =
< 15 155 2
A 150 =
-2.0
145
-2.5 ---T-----* 140
_3 0 L L L L L L L L L L L L L L L L L L L L L L L L L 135
o0 10 Wv < <+ < <+ M N MM AN AN NN AN AN N o o e - o o
| — N | — N | — | — | — | — | — | — [aN] ™ o~ [aN]
[Ie) ] | © | | g | | [} | | [o2} | | (=1 | | — N | |
| IR Te) | © © | ~ o= | [celiee) | Do - O O H —~ = —~ O N O —~ —~
(=23 | | (=23 | | [ox} | | [ox} | | (2] | | | — = | — | — = = | |
S OO O OO O OO o O OO o OO O O | | [=2] | | (=2 | | | o o
o O o O (=) o O O O O O OO O O O O O [*2] D — —
Date oS O (=) oS O O

K 5-13 VRIS FL SBKI-3 7 A%-Inta]-7K A7 ih 2%
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SBK2-2 Displacement monitoring together with water level
[ water level —— top point —#- central point —+— bottom point
3.0 185
e O T g S S 180
2.5
175
T 2.0 170~
g g
£ 15 165 3
o >
g 160 2
S Lo 8
K= . 155§
23 =
a 0.5 150
145
0.0
140
_0. 5 L L L L L L L L L L L L L L L 135
0w v W f F S F < N M N AN NN N AN AN o~ o = o = = - o O
| — | — | — N | — N | — o | — | — N | — N m —~ N
e} | | © | | o~ | | e} | | [o2} | | (=} | | — | | N | | | | |
| [[olTe) | © © | e~ b= | o | S o H O O = ~ —~ ~ &N O O ~ —~
[ox} | | [ox} | | [ox} | | [ox} | | f=2] | | | — = | — = | — = | |
S O o O OO OO O OO O O O (=R Iyl [=2] | | [=2] | | [=2] | | | o O
o O o O o O o O o O S o D S o0 OO O o o & —~ o~
(= ) o o (= — -1
Date
Bl 5-14  REAIAETL SBK2-2 Ak [a]-7K A7 Hh 25
SBK3-2 Displacement monitoring together with water level
[ water level —— top point —#— central point —+— bottom point‘
3.5 7 185
1 180
3.0
W> 175
EZS T s 170~
g 2.0 r 165 =
o >
=] 160 2
S 15 5
= 155 =
z =
A 10 150
145
0.5
140
O' 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 135
Il Lo [ie) < <+ < <t el <t o ™ gl [N N N [N ] [aN] N o~ = = = = o~ o [=)
| — N | — (o | — [N | — [N | — N | — o™ | — o~ | — [N} o — N
Lo | | © | | o~ | | [ee] | | [o2} | | (=1 | | — | | N | | | | |
| Lo el | © © | - - | [ee] e} | (o2 e — o f=] — — — — N N N — —
[=2] | | [=2] | ] [ox} | | [=2] | | [=2] | | | — — | — — | — — — | |
S OO SO O DO DD DD O SO>S D | | (o2 | | (=23 | | | o O
(=) (=R ] (=T o O S O O O OO O o o O O o o o~ o~
Date (=} =] (=} f=] [=] o o

K 5-15 UEEAF2FL SBK3-2 A7 #2-It 8] -7k A7 il 26

5-13~ 5-15 4 2009 4 4 H % 2010 55 1 HIREBALFE S50 (R AIK A7 5% & B o 1E WX
et ZBp N, & R BRI . fEMMFL SBK1-3, HREAURIALAS N, T T
MM, AF] 3.5mm, XEMEE SBKI1-3 AL H, JHHEHLE 11m~20m k. K 5-4 F
Bl ZK5 #7~ 7 SBKI-3 A 451, 456 ZKS BifLAIR B A IR £ dE, SBK1-3 i &
S VT3 THT G SRR RS T AND A Ak, K20 1lm R - TIX—Wg A ik, AdlmE
(2-2")SBK2-2 M/ #1Hi(3-3")SBK3-2 W 70 A4 T~ 22m A 25m 4k, X L6450 [R5 i &
SR G .

[F LR AL FEAH L, IRFBAIFEIR /N

109



5 K IFI TN T

5.3.3 HhRIAE LN

ARG B GBI BORAMBUCHEE SR (E 5-16). M B g0 22 28 5 5 53
M. W) — B SN S, S5 — D EEHE. FN, W22 5 - MERHIE,
HRS —MAAB L RREEHE, B s, MLs s —FR%s), RUE IR AR
Fon, MM RSN TS S . GPRS/GSM Bl H U2 # Hf5 5 A R d T
57, KA AE AL e il o, 8 EARMIE A SR AT AF 0 A R s i Se e, i I
Ji ANBENESRAFAL AL S I 8] 5¢ &R T 26

Angular displacement

sensor
Measuring point
< Heavy
hammer
|—| Fixed point

(a)
Fixed point

Measuring point

Steel pipe

Slope surface

(b)
5-16 RN FE A% S SR P K]

RYEFWETT ), ZERRFAEAE S, Gk $E | =268 R IT R AL I, HLit 26
AN (B 5-11) 0 ARIES S BERIAR, BRI N 9 AN HREiE(DBKI-11,
DBK1-10, DBK1-9), H171#F(DBK1-8, DBK1-7, DBK1-6), 415 #3(DBK1-5, DBK 1-4, DBK -3,
DBK1-2); 4 A #(DBK2-8, DBK2-7, DBK2-6), 45 1 #(DBK2-5, DBK2-4), £ /5 #B5(DBK2-3,
DBK2-2); £ fif#(DBK3-7, DBK3-6), £ #1#(DBK3-5, DBK3-4), /£ J5 ##(DBK3-3, DBK3-2).
BB LR IKAL, IR G R M2 ] 5-17~F&] 5-18 Fiwe

110



5 ORI TN AR 7T

[FIT, 2009 45 H % 2010 4 1 X BB RIUANTE B, 40 9iB/KH, 145m {iK
IKAEIA, BRAKIAFD 170m m=7KALH . BT B 3l Tl b A 10 s s T a1 #%
I 2008 4 12 H 10 H #2009 4 1 H 14 PN TIMEAREFIH, & 2 NPIaEm . £ 5-9
9 ASFALAE TN IR U B (R b R A A i 2

Surface displacement versus water level
[ water level ~——1-front part —#- [-middle part —+— 1-rear part 2-front part —*—2-middle part —— 2-rear part
——3-front part —— 3-middle part —— 3-rear part
400 235
350 225
_ ” ¥ 215
300 ==
é + 205 ®
g 250 T 195 =
Q o
E 200 185 3
Q
2 165 =
100
. 155
50 145
0 " 135
o~ o~ o~ o~ © © © © © © [Ie] [Ie] Lo <t < < <t <t < [ae] ™ ™ ™ [ar] ™ [aN] N N
[N} | — [aN] | — N | — N | — o | — [aN] | i N | — o~ | — N | — N
| e} | | © | | o~ | | o] | | [e2} | | (=] | | — | | N | | — | |
< | Lo Lo | © © | [ ~ | [ee} [ee) | [o2] [op} — (=] (=) — — — — N [aN] | — —
| [ox) | | (o} | | [ox) | | (o} | | [ox) | | | — — | — — | — — (=} | |
[*2] o (o2} [*2] o [=2] (2} o (o2} fox} o (2] (o2} o [o2} [=2] (2] | | [*2] | | (2} | | — (=} (=}
(=} (=) (=} (=} (=] (=] (=) (=} (=] (=) (=} (=} [ox) [o2) (=) [ox} [ox} (=] [o2) [o2] — —
Date (=] (=) (=} (=} (=) (=}
5-17 MRS - 8] - K AL T 25
Surface displacement versus rainfall
[rainfall —e— |-front part —#— [-middle part —— 1-rear part 2-front part —*—2-middle part —e— 2-rear part
——3-front part —— 3-middle part —— 3-rear part
400 100
350 ) 90
— " s 30
s 300 r - T
g . e b0 2
g 250 ' 60 £
§ 200 50 :2
% 150 40 ;:‘3
1 30
A 100
- 20
50 10
0 J L L L L L I-\ L L L ol L L L L 0
o~ ~ o~ o~ e el O e Nel O [le] [Ie] [le] < <+ N < <+ N (2] [ap] ™ ™ [32] ™ o o™ N
N | — N | — N | — N | — N | — [\ | — N | — N | — [\ | — [aN]
| Lo | | © | | = | | o) | | [o2] | | (=) | | — | | N | | — | |
< | [Ie) [Ie) | © © | o~ [ | e} [©e) | [o2} [o2) — (=} (=] — — — — N N | — —
o I I o I I o [ 1 o I I o 1 I T = =717 ===7=®=x3=2o T 1
(o2} (=} [ox) [o2) (=} [ox} [o2) (=} [ox} [o2) (=) [ox} [ox) (=) [ox} [ox) fo2} | | [=2) | | [ox} | | — (=) (=}
(=] (=] (=] (=} (=] (=} (=] (=} (=] (=} (=] (=) [ox} [ox) f=} (o} (o2} (=} [ox} (=2} — —
Date (=} (=] (=} (=] (=} (=]
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R 59 JUANEALLE AP N R AL AR AL mm/d)

3 e b dEr AR A AR AR K KR
8 8 0 8 8 i B 8 i
WILEHY B 2008.12.10-2009.01.14 481
B /KA 2009.04-27-2009.06.07 216 136 215 343 283 1.92 1.73 144 137
R /K A7 3 2009.06.07-2009.09.14 0.71 0.62 0.93 1.24 0.89 0.72 1.45 0.96 1.00
kK3 2009.09.14-2009.10.22 053  0.85 1.08 033 046 037 0 0 0
KA 2009.10.22-2010.01.28 0.95 1.09 116 083 1.11 142 087 107 1.25

A LA EIEIRR, A LT 4598

(1) 7E 1-1V3TE, AL RE A AR TTASF], BOAERS A A T R A 5 i, (2
PRI BN o IR AT AR S TS, RPBES Wi (& 5-5). & arith= 450
RS HCHR , 1175 1T AT PASE AR DA 2 5| S JBORIHERS A B 45 5 14

(2) 2-27F0 33751 TH] 1) 288 s 2 2 IR S A BRI, GRS IZ AT, IR [ i
B HER A Bl

(3) BEERITAKALMIFEAR, S AL A /NS . KA FFE S 145m, IF
PRIFKALIZE RS, RTREFTGRE . FERTE 175m 7K AL B I KA 76 12 4 2R Tk 3
AR R o IXRMT, PRI B, REAR XS I AT S o A IRR I 520 o
5.3.4 hRAREEm N

S e M O 5 R R St R RS S AR R o CES SRR SR T 1 MR AR A T,
5-11 Firzse BT il migg o WAL /el FHAL54(LCO1, LCO2, LC10), AiAF 248 (LCO3,

LC04, LCO8, LC09), J&ZkZi5%(LCOS5, LC06, LCO7), F#fzisgs@cll). B 5-19, B 5-20
FIZR 5-10 A7 NAEAS [RF BAAS [R5 07 4 88 A B 11 LA

Crack displacement versus water level
‘ [0 Water level —— Left boundary crack —#- Right boundary crack —%— The main scarp crack —— Central crack
250 & 215
200 205
e 1 195
E 150 E
= {185 £
5 g
£ 100 2 175 5
S o
< a3 3
e 50 n 165 §
A = 5
a _-ﬂ 155
: LLLLLLLLLL papar o
oo WL L L L T T e e e COE T L DL
(o2 foxd foxd fox] fox] (o2 (o2 (o2 foxd fox) fox] [o2] [o2] (o2 (o2 foxd fox] fox) (o2 (o2 o oo o o o © o o
oooooooooooooooooooooooooooo
LT LI LI ZIILLLEEEITLZITTTI T EL L
oo < < < =] =1 =i = =] =] = = = 1 1 % o o o ] =} =} o o o © < @
TFTFIIrCrrrrvrrIiITITITPTOQPSITSESTEer TR frcy
— — — — o (=1 (=3 (= f=3 [ [=2] 2] (=2 o] 0 oe] [2e] ] e T L e S < © ©
— N o — o ™ — N o — o™ — N — N — N — o™ — N
Date

Kl 5-19 MR E%- I A]- FE KA it 2k
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Crack displacement versus rainfall
[ Rainfall —e— Left boundary crack —#- Right boundary crack —%— The main scarp crack —#— Central crack
250 2 60
200 4 50
E _
g 150 4 40 E
£ w00 430 %
3 o0 | /,_J 1o 2
=)
0 e 10
5o Ll .|L|||‘ Lo e |.‘|.. N ‘ e |‘ 0
— [aN] o — [aN] o — [aN] o — [aN] Da{; [aN] — [aN] — [aN] — [aN] — [aN]
K 5-20 HuZ4E-A R -FE R 2
£ 5-10  PUASERALLE HASI HH ) bR 4 R (47 mm/d)
i fil 58k VSRR 3ok JE 43 4% e s
WIEEHY EX 2008.12.10-2009.01.14 1.78 1.28 2.45 0.16
B 7K ] 2009.04-27-2009.06.07 0.69 2.51 2.16 0.28
%7K A7 8 2009.06.07-2009.09.14 0.12 0.51 0.69 -0.40
k7K #H 2009.09.14-2009.10.22 0.13 0.29 0.45 0.24
KA 2009.10.22-2010.01.28 0.38 0.41 0.70 1.01

MR LAt BRI Hr, Al AR £ i

(1) SRALFERML, 1P AR RGN — B TSI ARGS, I HBARR R R
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(2) o T AR 2 7Tk v TS A R T AR M 33 P S R TRV 3R o 7K B X T U /K 3 45 T AN
Ko PEIKBRBEN T KIS iR oK. BEmsa/K 2, AT Gk S R PRI K . —
FEIEOLTS, BUE P EZE N 0.5~1.0m/d 2 & &1 .

(3) TEH—FEIL . 1IEH EB#EZR 0.50m/d FIEH FRSER 0.67m/d;  JE KK B
W HU A B Y 58 N 40mm/d, H RN DI A Ths k7K S B B0 (B B4 N 5958 FE A 9mm/d,
FLPERT IR 3he SR /K AR S 21 AN R R AR BRI IR

(4) TE55 RS AR kR 1.00m/d Fl A R R 1.00m/d; 7KK & B B B
FERPEW RN 40mm/d, HRERN RN Ths Al 7K B BEE U AR P R 58 8 9mm/d, 5E
BN DB A4 3ho THZKIFIEIAESE 13 AN A R A2 B AR TR .

(5) TEE =PI : & kR 4.00m/d FlE T FEEZE 3.00m/d; 7KK &R BLi B
FIBBE I 5RE N 60mm/d, K FER IS A 10h; Al 7K HARY B B % I 98 52 > 9mm/d, %5
BTN B A 3ho TZKIFIEIRAESE 5 A8 AR AR BEARRIR
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6 FRKRE

L SER T MR E R REENBETTE G AR
(1) AXEART—H#ET NS FREMNIFRSHERBERDE, ATLUELHEARENRE
B, NREFEE LARRIIEE.

AL R B R 28 0 il 2 A AR, RS SRR 8 B s T R T =4 NS
JiRETRALTT R ’?WJCJ:E’JT%JE&/HE?E/’%LIﬂ%ﬁ’%f%ﬁgéﬁﬂtﬁé‘mIEJ%E, et 1 Rk
oy 2 REE R, 3 TR . A BRZE B A A AR R R R FH A A5 28 AT DAL
IKIAEZE A EI’JEIH%%‘/”AVALL&

S BT, KRBT AL ERE R AT AL TR SRR AT R AR, R
SRR T SRS S BB AAH B, BRREORIERMER Y Emi ik, SRR AW A
I AR R

W T2 EE AR R R AR R M B IR N 2 R, SRR AT o5, Rt
ReHAT NG B, Ltk 7 AN B R (ISR K?)Fﬁ?ﬁﬂéﬂ%ﬂﬁ
(2) M TREAREFLRSREERM, ATLURINGBBRRAMFLERISRE, nEK
A& 5 SRR A AR FLERE DRV LL .

HUETFE IRy A RRASE. R ARE. P RERAN R, HAPRar& S
BV E R s AR 7R A VAR T AR L R BE A ) Z T ) 5 AR (PR FF I £R) A+
XPEENE RIS EVE NS 1 10 EEAR) A A B2 2 TRT R OR 2%

FLBRB TR A BOCIR BT B A A, BB iR 5E TR I SR U7 R s R IA 3,
XA FRIB EFERCT 51 W AR A B S ) 0 B3B3, skon I R 1 I 1] 3 Al
FHPRRIRE R, et xR B N 2k 3
(3) FRESRBEREFETEENRBHTRENG S, AL IE RIS R- R -85
e, RIS EKDBSIER THERINTIE.

e ﬁ?7J<$76E]3Jﬁﬁéﬂﬁﬁiﬂ'Zl-‘;&ﬁTEI’J{%%JifIﬁﬁL/I\ﬂ/ESZEI'J M AR B SR EE R
W, Jb 1 P BT AR, RIS AT DL G AN 8 SR R (AL 2R R A7 T 5 B W
SIPE IR . FLITE VRS AR F 79 A5 BB T A% o I AT ARAIR S IR 0l 07 7%

2. FERR T BT BR- M- BUE 53 47 5 A BB R TN TR IR A
() HBBORHBIREC RS FUNIEIRAE A XBOR F R, FFUNEE R E KRR
A B AIORZS I FIET, ZBERNBRERES REFILERZENKR.

WFFEIE S BRI B AL B R S W v DU, 36 e A 52 3 B o) B0 37 500 R B8 A 00 25

R LRI A N RS TR I R, R RV S T O T TR B
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(2) &R “HBR-IN-BER S k. BEXER RN REFRESSHEES SN MEE
S, AUAEHRRINER, EEREESHNEBERNBREER.

BT o AN SR s, T DS LA A R S A RS 2 MR, IRIESL
B30T, AWERESE AR AR L, ZED S B R EE AR . RIE T AR, R b
5 TN TR E 1 6

R o - B AT B AE DY e 1) T TS R B BOIRAS PR
2) T WIE B RE YA IDIRSIEA 3) E T BCY AT ST BUER U 4T 4)
BT HUERRL R T I 26 A T T, RUAR I 45 58 I A0 L 46 A T i i Ae e M g T - 2%
SR T ) B B FEAS R 25 R AR O I BAR IR, TG HEH AR T 2K
AWK FE, KAEH AR R E .

3. FERR T BELEYE TN TR SRR
(1) FIRAMER-IEN-BAR ST, SFITEERHITOHR

CRE IR, SFPRIE I Y ATIRAS B A R A B AR RS o EK K TE
FRE RS R, WA e msok, HAER/N. WS ECH R n)
RABEENNE, WIS RZBESE RO AL, BB /K E T se il KIg 3, 1
4V AR TE I TR AS I BE Rttt

AT RFY, FEEHEHASCERNN 56.3%, BBEFIHE B S MHKEN Q,
THEZK TARHE K FE e R 2 KT 0.437Q IsRAF . BRI, S PRE I 24 55 2 SR Nz 4T
FOKMHPK TR, X AREEE . FER BT SMHEK TR, X 0H Rz i PR
Bk

ZAETI TR 45 R, AN [F) B N R R R DB SRR T R B RIR, TR KR VE M B
WeBUEA PR SR 25mmy/d, HBERT PII  Thy CEAN 7K R B HUAAE B4 9 9
8mm/d, FIFER I 3he XF TALHIH 2 IR L i e . ZERTIE 16 AR 2EA
MR B 22 AN, SFRRESOR A BARREIN . 1E BE KRR M B LA I8 P Y B
[E29 40mm/d, KFERTPII 10h; FEAR KSR Bk BOOE B RY 58 % 8 8mmyd, J57 P4 R P IR
N 3he XFFLHLHILR I LEEN, HESER. EXF LHAE T, SE R 2
18 NV HART, P PRI 3R AR TR IR, 150 5 O N S5 H0 i ke e 1 1
(2) FIRAMR-IEN-BHR TR 757E, MRKFBIRHEITHHR

FH TR BT AR IR R b SIS BT R B AL A BT 3 0. H RZeie B i b 2038
IR E, B HN N EIIR), B AT E TG 2B RIRES N R A
B B R R AR EARAS B ] B T B e A A A2 1 R B AL

56 W9 R 7K ok v 1 2 5 T s K M ) R BRI 3R o PR KR T X T K i S i A K
JEE KR 0 Tk I R MR K o g /K PR B, R ] Rl S SURI PRI K AL — 1
BN, HUERRIEER N 0.5~1.0m/d 2 HIEH .

FESE—FEIL R B _EikEZ 0.50m/d FIIEH N FBSE R 0.67m/d; JZE/K kT I Bk B
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BRI SRE A 40mm/d, FFERN I Thy FlzK BB Bk O P MY 58 2 8 9mm/d, 8
BERN PN 4 3ho TZKIFIBIAESE 21 AN B R AR AR THOA

FEEE IO . h EIKOEAR 1.00m/d AP T REE AR 1.00m/d;  FE7K K V& B Bode B A
PN R 40mm/d, HHFERT I A Ths Al KB Bl BUOVE B W 3R B2 9mm/d, 45 % R
JIfS 2 3he TOKHIFIEAELRE 13 AN B R A B AR R .

FES =MEOLR : m BioE 3 4.00m/d A T BEIE A 3.00m/d; 7KKk Bir Bode B 18
BN 9 29 60mm/d, KBERN I 10h; Ak 7K BAKT Bk BUAOE B R 58 FE 2N 9mmy/d, 625 RN
JfS 2 3he TKHIFILAELE 5 A8 WA AL BEARBEIR

4. BIFT =
(1) FERERRIENRETESE: BR-MI-HIMEEEREE

A AT IE A i B #t £ (continuum-medium distinct element method, CDEM)f) 3
fili b, BN BRI G AR, e AR T AR . FLBRIB IR A A R A AN
RPN JJRE G AR 3 Ay o SRR SRI 1 22 37 2 /K T Y AP0 2 W A FH T 9 AR i R £
B BT AL S AR T B TT, SRS ITVETHE, BRS¢
IR R, o] AR MG S B HEE S i R R . FLBB IR AU v S s il ooy 7 AR
i (BRI PEITEMAM TR HhmErfh 2 hia e gig: AR Eas
THIFIFETTRE . WEAERI R ) 2 ARG 2R AHRHEE R FIE AN 2 (B KOG R FERBRIT N
TR G, AR R BRI 21 i N 2 AN RRRR, KRR AIE B & R AL bR
R TFHATRAE, FEITALRGEH RTINS RS .. X THRARARME, Hi=
il 7 PR HE T — 2 R I L Navier-Stokes 77 F2, ZUH 777K AT BR 2 /15 A AR R AR
TEIXMEERA T, TEFRE R RETT AR 7 WA, = 4B Il R A B T — 4EiB I )
AR, TR G 1 AR R 23 () 2 ROEE )R, KRR & 1 RSB m bt R . Sk #0ed
T, NIRRT DL T TR TR R AR, 15 AL R 715 e S 5 218
THE, XEERERE IR B AR I M, BT DLBE S ST 24 BT SR A o 415 JE X
PE ORISR R, AT DB ZRE BRI AR ) 7K Sk 23 A1 A0 EE 7KK V& BT 51 2 PR K Sk B3R R 9 AL
BRIS I AR T T 564, AN SEELFLIR S i BRI R &

(2) TR % MR- -BAE 5 3%

BTSN AN S s, AT LU ST AN T B S NSRS 2 R R, ARFEEL
B8, ABTERERESA AR, E DS R R HEE AR . HIE AR R, & B 3
5 TR PR 4 H 1 o
(3) FUMTARIEIL : AFTIUNB I R E BRI B 3% (L A X B IR AR S B FI i, Btk skSCER
TR R T TR

Vg FROMU T 355 e 25 R B9 BB e A DR 0o o S R IR A PR T, 3 ST B P S 3RS o S T
JRAE B AR R, B0 S R B B R e DR AL R S W A T, 35 A4 52 3 Lk I 37 4
A BE AN G R, 7 T FE B R N RS Z TR IE &R o ZE G EEA b SIS A T 93
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i, BIARIESS 2 A A AR T I AR e ME R T o 2% PR TR TR (1) B H AN & 45 R AR
IR FEWEAE, RS M AR R N2 KA R E, R AR
=,
5. RE
(1) EHbFREMRAE: NESEKREILFLR, KNEARYIRMREFIX)
HATESRFE SR K. FERT K. SBOATTH .. DLt Soasl, #EoRJLE g oA,
IR A F, AR — e g5, SEOFRH T HUaE AL,
(2) EREELSE: BRTRZ4EREN, FTHTERBUEARATEIFRES, NAKHER=
HEREHL ;
(3) M AE: WNIEEE, MERRBNRERD. TABETFRENFE
LR TR RAR PR s I ¥ 2%, — MIF I (L) ke — &4 B 3 R 4% Wl v] LA (%
FEAE Ji5 08 BT ) A R g R S 1 T HR R S
(4) FEMSMBERALIESE: MRAERMER, HFESMIDNKEN RN S ITIEE,
BRI ERR M F R TR Z AR M E
AT WL DR, Moy AR 2, T8 EATH, 20 EEA H .
AR SE M B, 170 AN 25 RE P AR R XM e i, ARG AT REJCIE T Seda e PR A A
PPl . FTUARCR FHAE MR . 77245 BRI B0 BT sl A A i 2R, e S i e
PESE AT B 2E VR R R T
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