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Physical Model Experiments of Landslide-Induced Surge in Three Gorges Reservoir
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Abstract; The impoundments of Three Gorge Reservoir have obviously intensified the reservoir bank landslide deformation since
2003. Landslide deformation can cause not only damages, but also evokes great surge once high-speed landslide sliding into res-
ervoir, which is a potential hazard far worse than landslide itself. Owing to the reservoir impoundment, Qianjiangping landslide
in Three Gorges Reservoir Area (TGRA) occurred on July 13, 2003. The highest height of landslide-induced surge reached 39
meters which resulted in wave spreading more than 30 kilometers far away along the channel, causing casualties and property
losses. In order to study the characteristics and propagation law of landslide-induced surge, based on the major scientific project
in TGRA, this paper presenta comprehensive researches on landslide surge hazard in TGRA through large laboratory physical
model experiments. Through the statistical analysis of geological data about the potential landslides in TGRA, adopting the or-
thogonal experimental design method, we formulated the experiment scheme which included landslide scale, speed entering into
the water, sliding plane obliquity, water depth, and slope angle. Besides, we took the channel of Baishuihe landslide in TGRA
as prototype, established the river physical model in map scale 1 ¢ 200, and thus developed landslide surge three-dimensional
physical model experiment by adopting the experimental control system and measurement system. According to the careful
physical model experiments, we obtained reliable experimental data of landslide surge. Based on the morphological changes of
landslide surge, we confirmed the concept of head wave. Then based on the classical landslide surge formulas proposed by Noda
and Pan Jiazheng, by analyzing the measured data, we deduced the landslide surge calculation formulas in TGRA. At last, tak-

ing Baishuihe landslide being in deformation as an example, these formulas were used to forecast the maximum head wave
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height and the decay law of landslide surge along the channel.

Key words: Three Gorges Reservoir Area; landslide; surge; physical model experiment; maximum height of head wave; geo-

logical hazard; engineering geology.
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Fig. 2 Sliding control equipment

B3 BB TR SR = AR Y R AR B
Fig. 3 Background boards of landslide head wave and

opposite climbing wave

1.2 REEH RS

T I A KGR BE A SRy A TR IR ) R T A
TR T B M o 0 A L R ) 4
b A R 4 5 I (TR 20 3 B R R T M A
T 1A B A s oV R T A AN (] 1 4k e
{EL. VB AT RTE R R 5°~75°, e KRR 250 kg.
AT I AR AKGHEBE R 0. 2~2.5 m/s.
1.3 RBEVNES

CI) TR TR At 2 A OO0 5 7 YR v 1 < >R P v
TR AR e A K7 A T TR A R A o AR ZE TR
TEIE YR T B R T SR AE Sl B SR )
¥ A3 HEFA 5 mm 269 3l 07 ) AR S T
SR FH R 25 3 A0 SRS [ A7 58 9 IR v 8 BT ()
ARl AR (L 3). (2) X R TC 3 7R g B A U - 76 T
PetAXTH R E T 2 m S AR T S Ak (B 3, @it
BHGHLIC T TR TC 3 3 A 5 S 1) XA 0 B
5 mm. (3D FRAERE TR & B A d 00 . VR Vo] 3 TR T 2 A
6 VR A 3 S SRR AR L i
A Ak, R 2E R £ 0. 2 mm CRERL(ED . I 25 Ul

By F i A 3R A T T Labview 844
AT IR IR DT A48 TN

2RISR

%% Kamphuis and Bowering (1971) , 1% &% &
(1980) , & Fft 2y F1 7 244k (1983) , Fg 2 (1985) .
Panizzo et al. (2005) il Ataie-Ashtiani and Nik-
Khah(2008) (% T4, AT 38 U AR B 1L 98 B
w R A KHEE o WA KA SRR B b
TSI o 5 3 A K T T A9 18 58 B2 & AR R T
R T VIR e A RS L S5 5 1) 5 i R 3R 328 BBOK
FE RIS B AR R AT IC I YR /=5 B 5 e R 2R

Ko M 5 i BF o B W B S e 3
AR BE A R T B A X JEE B LR X T R (i 55 1
O SR T R IR T LAS O R Y
ToEHIEA

Huo _ p vy p ol @, Ly (1)

h Jeh b b h

(DA Hoo A K E TR B g R T ik
FE. B TR R el G A AR DL = e R X R I BRI
A K TRT T 3 B T Ui YT 3 O SR S AR, By DA 3 A
JK BT T B4 TR T B R RT E S g I . AR (1)
AT GET AT =0 X = 40 b 5 A B v W
AR Ml I T 3R K IR TR AT S e
A7 v 122 W p R RE L 9 R R B LR M
FE AR FEARAL T 00T KR R 33 £ - [ 25 1 5
JI 55 R M BRI S ARl 25 DR 3R KNI A R R 6 B
T HIKEL(FR D). In] 18 48 W 1D 98 B S TG 2 2N S 4K
1) 3 A U DL 3k 2.

R T kA e g SR i R 1Y SE IR IR B £
IF BAE RS PR 2 B0 5 2 A AR 1 20 3R AT 4% BjE
RIS ik EH L (7O IERR, HE T 1 ¢
200 bl ROpy it g6 7 22 B 2 AR e R = R OROH: P
¥IfH.

3 R Lh R

3.1 BRFETESEAERNENX
AR AR AR AR I 220 A K T 25 WL 4, 3
Hra R 20 /K TS PR IR B9 A i R 20
3ABTBL A 1 B BOS I AR A K B BL 1SR I
S AR R b AR HAE AT O RE R i 2n A



1070

HERB i [E B2 4l

537 %

Fz1 HEZREKE
Table 1 Levels of each factor
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Table 3 Relative propagation distance from this bank to op-

posite bank in river channel cross section direction

K h(m) AHXTEE B 2 (h)

0.5 2.92 3. 84 4.5
0. 55 2.69 3. 44 4.02
0.6 2.53 3.25 3.8
0.7 2.31 2.93 3.4
0.8 2.15 2. 69 3.1
0.9 2.03 2.51 2.88

1 2.19 2.62 2.95
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Table 4 Relative propagation distance of propagation wave

along the channel

JKB (m) AR RS (h)

0.5 4 8 12 18 24

0. 55 3. 64 7.27 10. 91 16. 36 21.82

0.6 3.33 6. 67 10 15 20

0.7 2. 86 5.71 8.57 12. 86 17. 14

0.8 2.5 5 7.5 11. 25 15

0.9 2.22 4. 44 6. 67 10 13. 33
1 2 4 6 9 12
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Fig. 4 Morphological changes of landslide-induced surge
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Fig. 5 Schematic of monitoring arrangement in Baishuihe

landslide
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Table 5 Calculation results of landslide stability

T4 145 m+Z& 175 m 162~145 m—+ W
Fs 0. 89 0. 98 0. 85
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Table 6 Calculation results of landslide speed and magni-

tude entering into the water
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145 m+ 221 230.73 475. 95 37.08 7.88
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Table 7 Calculation results of landslide head wave and op-

posite climbing wave height

RA BREREE M) X R TER & (m)
145 m+ %[ 15. 4 34.5
175 m 3.6 6.4
162~145 m—+ % 17.2 38.4
:I: N
5 zn l/l:\,

(L) %o =08k 22 X L 20 F T BBl 446 114 Vs A i
H TSR GETT BT, B R T I R TR R
IR T SN TG A K TR X e 3 A A R )
R He R IE s g i 1T ki it Tl o &, (2
WP IRET 58 , LA =092 221X {4 /K To] b 33 Yol A DR
HAL T 12 200 Fb R A ArE 4 B A, R R 50 45
il R G0 I R G R Tk P X TR R —
Y P ARG, (3) 3 i M il ST IR B S AR 1
B TV R TR 1 S R AT R £ 0T



1074 HERB i [E B2 4l

537 %

20 [
16z
—A— 145 mHEW
—&- 175 m
e) 12
S —©— 162~145 m+Z: [N
g

123456 78 9101112131415]617181920
6 13 (km)

K8 IR U e AL R e B T 45 2R

Fig. 8 Calculation results of propagation wave height

along the river channel under different conditions

LM BN 43875 12, L Noda 3 A H 11 28

TR AZ O R, 42 1T =W X1 BT IR 1

SN2 AR RO TR R N TR AT FRAG 4

TR =043 () DL =W e X IEAEASTE () KT T 3

TR T 8 S VR T 445 SR 3R Y 1 KT 9 48 U X

FE 162~145 m+-B i T00 T e fs Iy o e K VR ey

17,2 m X PR IEHEIR y 38, 4 m, T YR FE IR Bk 24

3 km JE PR, F3A 3 km I Tl IR AL R IR =

JE 29 W 3 K AR R 30 %%,

A AR P AE RN iz s DA —
AEBAIKE 77 A IR IR T 25728 A R B R AR, 2B
b = X ZHOR R RTZATE EKAL T R AR s Eh

Ja RO AK e HET7E TS AR rh 3R T 2
S 30 32 AT T S 0% e B P AT AR TE B ML B %

XEEH R XA T T HE— 2P0

References

Ataie-Ashtiani, B. ,Nik-Khah, A. , 2008. Impulsive waves caused
by subaerial landslides. Environmental Fluid Mechanics , 8
(3): 263—280. doi: 10. 1007/s10652—008—9074—7

Fritz, H. M. , Hager, W. H. , Minor, H. E. , 2004. Near field
characteristics of landslide generated impulse waves.
Journal of Waterway , Port, Coast, and Ocean Engi-
neering ,130(6); 287—302.

Huang,Z. W. ,Dong, X. L. ,1983. Experimental study of wa-
ter waves generated by landslide in the reservoir. The
collected works of the institute of water resources and
hydropower research (Vol. 13: hydraulics). Water Re-
sources and Hydropower Press, Beijing, 157 — 170 (in
Chinese).

Kamphuis, J. W. , Bowering, R. J. , 1971. Impulse waves gen-
erated by landslides. ASCE, Proceedings of the 12th
Coastal Engineering Conference,1: 575—588.

Noda, E.
nal of the Waterways , Harbors and Coastal Engineer-
ing Division,96(4) . 835—855.

Pan,]J. Z., 1980. Sliding stability of construction and land-

,1970. Water waves generated by landslides. Jour-

slide analysis. Water Conservancy Press, Beijing (in
Chinese).

Pang,C. J. , 1985. Experiment research of two dimensional
slope and landslide induced water waves. Journal of
Hydraulic Engineering ,11: 54—59 (in Chinese).

Panizzo, A. , DeGirolamo, P. , Petaccia, A. , 2005. Forecasting
impulse waves generated by subaerial landslides. Jour-
nal of Geophysical Research, 110, C12025. doi: 10
1029/2004JC002778

Wang,Y. L. ,Chen,F. Y. .Qi,H. L. ,et al. , 1994, The effect
of rockfall and landslide on channel and the study on the
characteristics of surge generated by landslide. The Chi-
nese Journal of Geological Hazard and Control ,5(3) ;
95—100 (in Chinese with English abstract).

Yin,K. L. . Du, J. , Wang, Y. . 2008. Analysis on surge trig-
gered by dayantang landslide in Shuibuya reservoir of
Qingjiang River. Rock and Soil Mechanics, 29 (12) .
3266—3270 (in Chinese with English abstract).

Yuan, Y. Z. ,Chen, Q. S. ,1990. Experimental study of slide-
waves in reservoirs and numerical calculation. Journal
of Hohai University (Natural Sciences),18(5): 46—
53 (in Chinese with English abstract).

Zweifel, A. , Hager, W. H. , Minor, H. E. , 2006. Plane im-
pulse waves in reservoirs. Journal of Waterway , Port,
Coast sand Ocean Engineering ,132(5) ;358 —368. doi:
10. 1061/(ASCE)0733—950X(2006)132:5(358)

Bt Fp X5 2% STk

BEFP R, LMK, 1983, 7K FE I3 5 T 0k U R 9 YR 1 3K B B 5T
IKFK R 2 BF 5% e Bl 22 BIF 5 00 SCAE S 13 42 OK
2) . J05 KA g AL, 157 —170.

R, 1980, EEFY BT I8 R AN 3204, bt KR
JiRAt.

P B 42, 1985, —AE R I IR 1915 0T 5. AR 224, 11,
54—59.

B BRRZ  FEAERR, S5, 1994, F5 AR H7 1 X6 A 18 52 1) B
TSR IR ERAE R 5T, o M 5T 0 S B TR F R 5(3)
95—100.

Bk Sy L R L TR L 2008, 5 VT K A 5 2 DX R HE S VS 5 TR
HT. 1%, 29(12) £ 3266—3270.

TR W A 1990, T3 TR VR 0O BUE T B g A AR Tl
TR A SRR R , 18(5) : 46 —53.



