H30% 6 W o ¥ R Vol. 30. No. 6
2008 4E 11 A (594—604) ACTA SEISMOLOGICA SINICA Nov. » 2008

SRR, REEHR. 2008, ) Vi - 15 R 4 A6 BB ADL b AR ANV U 2 1 B B ARAE R, 30(6) 2 594-604.
Cai Yong'en, Zhao Zhidong. 2008. Modeling the dynamic process of tsunami earthquake by liquid-solid coupling model.
Acta Seismologica Sinica , 30(6): 594-604.

FAR-EREEREEME
MERA e

HAB BRI

CREAERT 100871 JL 5T R R P 1L 2D

WE  HRMET R R AR )R B — - B A L R TR R A A
WA MR (4 32 3l o VRIS Bl 2x R R R SRS IR R TR R A BB AL L O SR R OK B
1l 7 . R S| A A ¥ AR TR A S U D B B 3 S A AR BRI AR AR A ABIRE A Z 1 A A
HART . AN SR T3 B U - R 5 A BT s AL T R R IR A A AR R R A A
L5 e AL R R[], ZEQZ AR, W72 B0 B R B IR R Y T TEAR SO, T B TR
FLEL AR S BIRIER L7 3 9K 05 30 )2 ) 9 SR A 5 1 2 1 8l B R AR IR 4 3 )
SRR WU REOR . TR T BR T AT LUE B R R A T i A . 8 W] L S B A R A AN T
PR, TE 600 ke T HEE 1, B2 e e S 3 48 b . 7E G AL TG RO F 2
PRVE AT 3K 0,55 m. S AH [] 52 o BE W G 1T e e O I R 1) 2 A5 TR 98 0l T80 £ U A T T
AT LA B AT B 3 AT I A A% 4 R E K IR 3 km BT R TRTZ 175. 8 m/s. BRI
B S T AR . PR IRIE D 2 me P KATIR 32 kem. Bk OCRE A5 HE L O AR
BB/ AE SR AT LABGES 10 mo g B9 ER S RS IR ARG M % 53 m. 52 v BRI 9 T A0 3t A2 1K
J2 E R BRI BN AN 5.9 m/s* A1 16.3 m/st, JEHIERIE I 2.8 . BHULBE kK, W
I IR AR G 49 Vol 7 i 9 W 8 P E B S R i e 10 1. S BE R ] 9 T AR P AL 1 4R
S EN 3.2 m/s, RUGRARIALM 1.4 F5. BRI A R AR /N TR P N e KL% . H
FERL R PR A PRIE. (R ERRE . BIRHRN R R R 23 s k8, RERETE
W7 )2 4 Sl Y T 4.

KA AR WEME R BEE

NERS: 0253-3782(2008)06-0594-11 hESES: P315.371 XEAFRIRAED : A

Modeling the dynamic process of tsunami earthquake
by liquid-solid coupling model

Cai Yong'en® Zhao Zhidong

(Department o f Geophysics, School of Earth and Space Science ,
Peking University , Beijing 100871, China)

« BEME EEKARRFHRS (40521002) % H).
KB 2008-06-17 W B I Fi . 2008-06-30 P Sk F & L Fi.
+ @IF{EE cmail: yongen@pku. edu. cn

http://www.dizhenxb.org.cn



6 39 BEOK RAE - )T L (B R A TR AL 3 522 A 98 W 4 i AR

ul
Nej
ol

Abstract: Tsunami induced by earthquake is an interaction problem between lig-
uid and solid. Shallow-water wave equation is often used to modeling the tsuna-
mi.and the boundary or initial condition of the problem is determined by the dis-
placement or velocity field from the earthquake under seafloor, usually no inter-
action between them is considered in pure liquid model. In this study, potential
flow theory and the finite element method with the interaction between liquid
and solid are employed to model the dynamic processes of the earthquake and
tsunami. For modeling the earthquake, firstly initial stress filed to generate the
earthquake is set up, and then the occurrence of the earthquake is simulated by
suddenly reducing the elastic material parameters inside earthquake fault. It is
different from seismic dislocation theory in which the relative slip on the fault is
specified in advance. The modeling results reveal that P, SP and the surface
wave can be found on the sea surface besides the tsunami wave. The surface
wave arrives at the distance of 600 km from the epicenter earlier than the tsuna-
mi 48 minutes, and its maximum amplitude is 0. 55 m, which is 2 times as large
as that of the fault. Tsunami warning information can be taken from the surface
wave on the sea surface, which is much earlier than that obtained from the seis-
mograph stations on land. The tsunami speed on the open sea with 3 km depth
is 175.8 m/s, which is a little greater than that predicted by long wave theory,

V/gh=171.5 m, and its wavelength and amplitude in average are 32 km and 2
m, respectively. After tsunami propagates to continental shelf, its speed and
wavelength is reduced, but its amplitude become greater, especially, it can up
10 m and run 53 m forward in vertical and horizontal directions at sea shore, re-
spectively. 'The maximum accelerations at the epicenter on the sea surface and
on the fault are 16. 5 m/s* and 5. 9 m/s?, respectively, the former is 2. 8 times
the later, therefore, sea water is a good shock absorber. The acceleration at the
sea shore goes down 10 times as large as that at the epicenter. However, the
figure of the velocity running up and down at the epicenter on the sea surface is
different from that of the acceleration at the same place, which is 1. 4 times the
velocity on the fault. The maximum displacement at the fault is less than that at
the epicenter on the sea surface. The difference between them is the amplitude
of the tsunami at the epicenter. The time of the maximum displacement reached

on the fault retards 23 s, is not at the beginning of the fault slipping.

Key words: finite element; fluid-solid interaction; earthquake tsunami; numeri-

cal modeling
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Fig.1 Two dimensional geometrical model of the tsunami earthquake basis
on fluid-solid coupling theory

1. Sea water; [I-1. fault zone; [l-2. absorbing layer of reflected wave; [l -3. seafloor and continent
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Fig. 2 Finite element model and its local meshes of tsunami earthquake
(a) Global region of liquid-solid coupling finite element model (enlarged 2 times in the vertical
direction) ; (b) meshes near the west seashore in dashed line frame; (c) meshes

near the fault(dashed line frame)
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(a) Displacement, velocity and acceleration on the seafloor; (b) displacement,
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Fig. 5 Snapshots of tsunami wave at different time

FH LA BT RR A . GNBAR MR R T 4 i /AR XA DA, HG 30 5 ] A 8 3% i AH [ 7% P L Y
5 AR TR ¢ R A R[] A T T 90 R W e R A0 55 muy B B B Il 3 SR B A THT 98 IR
RAFZ o Hof PR 580 88 2 ¥ W I3 10 A% A b DAL OHG A T T T LA A 31 Lt 5 B L 10 96 Wl i
EHER.

3) JhEJEE AL 52 YR IKT 2 04 fie RN 3 B AT LA B F T I B AY 1. 65 . B R I T AR R N
BEW 2. 8 47, [ L HE K ARG I Ul 2 . VA Ol 6 P ok 38 380 08 R i 2 Sk 10 . S i
ANTR] s TEFTATRR AR TR K LT R Sl R T IR AL B 1. 4 A R IRAL Y B oK B LA RS /)
T v T ) B R B LA RS 2 e A U VR ) 4R U

A4) I R B B RSB AN R R AR AE W Z 0 Sl B T B . TR S — B ). TR EI Y
Bl 252 A K W] S R T M 2l R AR A B B 2 B DAY b AR oA e A R A T ) M 3R 3 R
YA D R 10 B 26 0 o T R AR A T A D8 1) D5

S A ARG AT ADINA f2 )3 4R (A9 45 B).

http://www.dizhenxb.org.cn



604

=
i
15

i1 30 %

2 £ X #

BOK B BAT IR 1997, PR (]G A BROC Ty 12 BB IR IM. dbat: bt R kL - 38-69.

Batchelor G K. 1967. An Introduction to Fluid Dynamics M]. Cambridge: Cambridge University Press: 223-245.

Biot M A. 1952. The interaction of Rayleigh and Stoneley waves in the ocean bottom[]J]. Bull Seism Soc Amer, 42(1):
81-93.

Grilli S T, Vogelmann S, Watts P. 2002. Development of a 3D numerical wave tank for modeling tsunami generation by
underwater landslides[ J]. Engineering Analysis with Boundary Elements, 26(4); 301-313.

Hibbert S, Peregrine D H. 1979. Surf and runup on a beach: A uniform bore[J]. J Fluid Mech, 95(2); 323-345.

Hirsch C. 1988. Numerical Computation of Internal and External Flows[ M]. Chichester: John Wiley: 426—507.

Lamb H. 1945. Hydrodynamics{ M]. 6th ed. New York: Dover Publications: 7—43.

Langford P S, Roger I N, Roy A W. 2006. Experimental modeling of tsunami generated by underwater landslides[ ]].
Science of Tsunami Hazards, 24(4) . 267-287.

Leclerc M, Bellemare ] F, Dumas G, Dhatt G. 1990. A finite element model of estuarian and river flows with moving
boundaries[ ] ]. Adv Water Resources, 13(4): 158-168.

LeVeque R J. 2002. Finite Volume Methods for Hyperbolic Problems[ M]. Cambridge; Cambridge University Press:
132-156.

LeVeque R J. 2007. Finite Dif ference Methods for Ordinary and Partial Dif ferential Equations: Steady-State and
Time-Dependent Problems[ M]. Philadelphia; Society for Industrial and Applied Mathrmatics: 25-38.

Liu P L F, Synolakis C E, Yeh H H. 1991. Report on international workshop on long-wave run-up[J]. Jouwrnalof Fluid
Mechanics, 229 675-688.

Liu P L F, Wu T R, Raichlen F, Synolakis C E+ Borrero J C. 2005. Runup and rundown generated by three-dimensional
sliding masses[ J]. Journal of Fluid Mechanics, 536: 107—144.

Ludwig A, Enderle G, Katz F, 1982. Progress in fluid-structure analysis with FLUX for the HDR-RPV-I blowdown-ex-
periments[ J].. Flux Nucl Eng ., 70 331-338.

Masamura K, Fujima K. 1995. Three-dimensional analysis of long wave runup on a conical island by using the MAC
method[ G]J// Harry Y, Liu P, Synolakis C, eds. Long Wave Runup Models. Hackensack: World Scientific Publish-
ing Company, Incorporated: 321-331.

Myers E P, Baptista A M. 1995. Finite element modeling of the July 12, 1993 Hokkaido Nansei-Oki tsunami[ J]. Pure
Appl Geophys . 144(3); 769-801.

Okada Y. 1985. Surface deformation due to shear and tensile faults in a half-space[ J]. Bull Seism Soc Amer, 75(4) ;
1135-1154.

Pekeris C L. 1948. Theory of Propagation of Explosive Sound in Shallow Water [ M]. New York: Geol Soc Amer
Mem, 27 1-117.

Shuto N. 2000. Numerical simulation for tsunami disaster prevention[J]. Journal of the Japan Society for Simulation
Technology, 19(1) . 46—49.

Stoneley R. 1946. The effect of the ocean on Rayleigh waves[J]. Mon Not Roy Astron Soc, Geophys, 1(Suppl):
349-356.

Stuart R, Shipley L, Ghose A, Hiremath M. 1995. Dynamic analysis of high-level waste storage tanks[J]. Comprcrers
& Srrucrures, 56(2/3) : 415-424.

Sussman T, Sundqvist J. 2003. Fluid-structure interaction analysis with a subsonic potential-based fluid formulation[ J].
Com puters and Structures, 81(8/11): 949-962.

Synolakis C E. 1995. Tsunami prediction[J]. Science, 270(5233);: 15—16.

Titov V V, Synolakis C E. 1998. Numenrical modeling of tidal wave runup[J]. J Waterw Port Coast Ocean Eng .,
124(4): 157-171.

http://www.dizhenxb.org.cn





