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Ground Motion Simulator: GMS

Shin Aoi*, Toshihiko Hayakawa** and Hiroyuki Fujiwara*

ABSTRACT

We introduce a 3D finite difference (FD) simulation tool, GMS (Ground Motion Simulator). GMS con-
sists of a parameter generation tool, a 3D FD code, and a visualization tool. 3D simulation requires huge
numbers of parameters such as velocity structures model, source models, stations locations and configura-
tions for calculation. The parameter generation tool, ‘FDMake’, provides a GUI (Graphical User Inter-
face) that aids to configure the complex parameter. The FD solver for GMS adopts the discontinuous grids,
which is a kind of multigrid method. The use of discontinuous grids adapted to a velocity structure model
results in a significant reduction of computational requirements (memory and computational time), typical-
ly by one fifth to one tenth, without a marked loss of accuracy. The visualization tools generate animations
of wavefield of ground motion, and paste-ups of waveforms. GMS system is freely available through the in-

ternet (http:/www.j-map.bosai.go.jp/GMS/).

Key words: GMS (Ground Motion Simulator), simulation of wave propagation, finite difference method
(FDM), discontinuous grid, strong motion, parallel computing, PC cluster
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ST, A E0O#ETHE (outgoing wave) 7217 & EKE
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TEXDHZ LT D, &dEHZ Clayton and Engquist
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TNVTr—A LODSEBEONH L% EREF) LR
L, HMOEEZEBERG) XML S EIC L )EBRIL
BE*ZERTHIDOTH S, Graves (1996) 124D
REINLFER, BFRFS (4,7, k) PuFndiE
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1/2,7, k) \ZEED x BV ERE SN FEPEET
720, TNENOEICHERE D 2 FAIHEZ M 5 2
EWZED Iy TN T 3 — A EBTEL, —F, Myl
MLTiE, BEME>Ly FMIICEETF TN (4]
—1/2,k) BXUV (4,7+1/2, k) TREED x KA DE
BENEFELELZ WD, EENICH Y TVT +—
AEEHRTHZLIIHERLZV, FZT, (,j—1/2,k)
DRIz (172,71, k) & (G+1/2,j—1, k), (4, ]
+1/2, k) oftb iz (—1/2,7+1, k) & (i+1/2, 5+
1,k CESTov N7 —A%EE, FHHEEL
Thy TNVT+—=A2FEBLTWwE, My BLU M, i
M, LR HIET, 2OMOETIE M,y & RS ik
TEIETAHZEPFEES,

ING2DDFER, E—AYINFUVLANEI TS
V73 —ATHAHT &hn (FlziF, Akiand Richards,
2002), BEMIZEEMTHL I LERT I LI HE
B5o LHL%AS, SSF CTEHBERO T #EBHIC
BB+ oRHEBEREL R OBB LAV 5 DI L, VSF
TTN)EICHAT oM EmA s L2k, WiE
HABREOZERI TN T WS, VSF Tid, B
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HBLEENAIEPDP VBT DI EZ2BIEDS, bT
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M~
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~
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P A
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E5 Graves (1996) 12k W REINLWBEAEFEOE
RblcBWT, E—A Y NFUVIVM RO M, %
EHT B0 EBRTFEINZ B XET],

Bl hbhE, BEFELT) LTORENMISSF O
FRENTWVSE, F72, SSFTIR12o0HBIESLD
LEMBRILS Y P 1IBFTH S04 L, VSF T
IBTFUETH L, FMEREBETFEZHVIEE, BTV
AP EBRICEN L AESfT O S EBICEBR L HRET
5 PRV, EEEKRIAY AN & 72 SSF
OFEDBERTH 5B, GMS i2 B> Tix SSF & VSF #5358
RTELD, DLEOBEHDISEEIZSSF 2#H WL HH
fwkEzohs,

2.5 3EEMEE (QE)

FEEMRFEDOR D F I L CEBHEOMELSE B
578, GMS Tid Graves (1996) THW LN T AR
B CHB IR EOMRLEAT S FELHEAL
TWwh, QENFESHE (F21F, Akiand Richards, 2002)
W&, WERH Q DEE T BB DR E KIS
RS B RIS, IRIE Ao DIRIZMEL T,

A(t)=Ayexp [lfot] (19)
o
b, BTEOMNGEEERS fHLITEVERET S &,
A7y 7THR At TEFFIThNL 2T, SKIZ
Y B ERE

(20)

A(x,y,2z)=exp [M}

Qs(x, y,2)

ZEITH LT, Qln,y,z) PEMBNIIRYE R ERIC
Y5 IEBEFEDORRCFMTE S,

D L) BREDROFMAEEER T BT 402
—TAVTVEHTHLLET T2, LELINDIXE
UREEREI DR L, WO R AT S
B ERFHTEZWEGIIIBEICHENF W L, %
EOBBIZEVIRLCHWLON TV S, E5IZ, Eok
DAHTIEFRCHFERERE (FEM) 2 &3 A EDRH
FEHBECHTETHD LI Ay bbb H B, Lo
LA, PHEOBEQ & SIRDOBRE Q FWHILIZE
BT ENWRR AT E, BIZQMEDEEEEFE

Q=QJ/f (21)

PRESNTLE) EVIHIHESYTSH 5, FHEBEOME
BHEL, L ORERLFEFTRIZRY, £/, FE
IR B I2fEv, %I, L) EBEZREDRF
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2.6 BFRERELUREE

AN &) BT 2 B o F S H R dx, 4,
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BEAVCON TV BHEET (BT afREs—E) 12
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L BEMEDGE, KT BRI E BTSSR E RO
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LEHERETRASEERETHES N LK TAHERT
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Nz, REREICEASE TRTFARRERAETLZ LI
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1 [1 1, 17!
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DFATEEDSATREIC 2 B, WHE L, 10%REOLK
EEOTNEDOEHWAS,

AT LIRS NREIZ, &5 \VIERIK S Bl
I/Nizzsk, T uEREz I/NIZTAHLEND 5,
ZOHE, BTAE (0T YVEAT AR T NE,
EHARMIIEICHEMNL, BFERICNT 2 EMITERICE
TIEVGTDPA,

FLETNVICL ZEHET 256, ERIGICIIETSHE
BAVNE L i B IE LRMEEELE B D L) K
Lonasdd Lk, L L, BFABBENS T
5 EREGEM R T-OICRRAT y 7HRL /NS L
L2 % 0T, ALERBEORELITH 0L
G DIALAT Yy TEIVEERY, BEERE LD
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DT LAEFTH S LIIRO v, WRE T 28T EK
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BLTHINS T RBRL BT A2 2 L34 RTH
5705, BLELLICHP VT ERCSZ L30T LSS
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