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Estimation of Strong Ground Motion during Huge Earthquake

Kiyokazu Tanaka  Arihide Nobata

Abstract

After the Great East Japan earthquake in 2011, the importance of seismic disaster mitigation and seismic
countermeasures has been recognized. In particular, because this earthquake was a huge earthquake of
magnitude 9.0, seismic countermeasures for huge earthquakes in the near future along the Nankai Trough have
gained attention. In this study, we perfomed a general survey on the seismic ground motion characteristics of
the 2011 Great East Japan earthquake and simulated its seismic ground motions around Tohoku and near
Tokyo to verify the applicability of strong ground motion estimation methods. Adopting the estimated strong
ground motions to both seismic-resistant structural design and damage potential estimation, such as for BCP
(Business Continuity Plan), will enable effective preparation for expected great earthquakes.

# =

WHARREBRORAELIRE, HEPKOHEBESR~OFERRIEE > T0D, R, HAAREKEZ O L
20114F AL 5 A EE T HIEE AMID B RHE TH 722 & T, ITWVEROMBER AN S SN TS/ b T
TRV OBERMBEA~OMERIRSAER SN TWD, RRCTIE, F9 R AL K EEEHIEIC I 1 2 RS O
##1%& TONWTEML, KIiZ, BERMEA SR E U HEBEIEHn BT OMEE S LT, 20114 3L H G S il
BICE D HAL~F I COMBE L I = b— a VTR 27T, METRHMIFEE 2O THKRELZ, 1%

R FHCBCPEE D EANTE A~ A L, B A2 13015 Z LI

1. [XC®IC

20114E3 A 1L AR L~ 7 =F = — R9.0(LL FM9
&Y D) O HAL LT AR IR L, JRELFHIZ b7 o C
RERWEEZLEO L, BERMEBEORA L GE & HI L
LT L, T DHFNE RN ERMEICK L
T, BNIEHAT L EREENEROLNTEY, &
WSRO MFER NS SN TWDHFIE T 7V oR
KHBE~OMEMSRENER SN TS, BN T 710N
OHEICEL T, 4RIOMEZZ, NER %S
DI AET) LMY T X DR AT B A REMERLE
AT L — R DN T HIREEI A AR T 5 TR
PEEEHL By, #EEELITY LT, ZNH0/EE
%ﬁ%bkﬁ%ﬁﬂ%ﬁ%ﬁ&&ofwé BT
R IEIZ & o THREEY DL AT, %E%E%%Eﬁé
Abtﬁk%a®ﬁ S FRNIMEOBE & e > T 5,
—J7, 1995 DM REILARE, I & L TE M
EEV TR TR, FO%EA U7 PR E RO
RMERICEA SN TEZ, LrLRRS, EXHETS
BORGEABELEDE SN TV D DX, M8 7 ATiX
20034F BT HIRR, MOV T R TIEA Bl D HIEE D 24125
P, LT L HERMEICKH L ToOH AN oI iR

LT, X0 REARERMEA~ O 2 3 AlH

ERPATAN

TETWD EWIRETITARW, /o T, MIZ T ZADH
ALH G RO HIE OTRER) & X = L — 3 V2TV,
%@ﬁm@%ﬁi%mﬁbfﬁ<:&ﬁégfkéo:
DHIFRIZOWTIE, BIRESEHRINC K 5 BRSO
VI ab—va ORI K DFHIIT o
SNTVDN, FEM~EEM £ C&H i+ 5B H
ENHMBEENTRTIE, S, FFHEREBEE AR
ZESPIEIZ X0 [RIRFIS AT L 72 B35 £ 72\,
ARFSCTIE,  HARH G AR R O TR B O RF i &
BGRGE OEHEICEN T L EbIZ, YIalb—a
UIRNTEAT o T fERIZOW TS T %,

2. 20NERILHMAKRFF PtEDHERD
LEZE

Fig. 1 I[CERENMETRT, A EIOME TIZAVEFET
SRVEN BRI S TV 5, EBIESAR I E O F 7
DI RN THRA LT MR & RIS R AR IR 5 5046 %
RLTWDR, JRABIEEIZMES T 5 K 9 ICB AL
WZRBWTHEMES & 72 DA R 5D,

B SR FEEARAFSE AT CHLIAI L TV A K-NET, KiK-net
BIRLSE T, WEES%OMEEIGE A7 MLV EE



RMKLHATFZEFT . No. 76 M9 T A FKHIEE O MEE T T

T=0.2sec T=5.0sec
10 10*
8
N N
8 1000 8 1000 e
w “ -
£ E _— .o
S S Iy
g 100 2 100
o o
2 &
2 o
< 10 T 10 [
2 K]
2 £~
© ©
° 5 ;
8 TE{ o K-NETKiK-net [ S T © K-NETKiK-net
< Kanno et al. (Mw9.0) < Kanno et al. (Mw9.0)
——Kanno et al. (Mw8.2) \ ——Kanno et al. (Mw8.2)
0.1 L 0.1 i
10 100 1000 10 100 1000

Fault Distance(km) Fault Distance(km)

ACERR 7 A R K E(Maximum Horizontal Component)

K-NETSE8E T=0.2sec T=4.0sec
10* 10
o
N ~
8 1000 & 1000
KiK-net%#& 3 < _
% [0 S % 100
| ) g g
O =Eeis © 10 © o) —
B Eres 5 s
00 Ersis 8 e
=& b 3 i
E %%455 S T o K-NETKik-net P §  1E|_° KNETKik-net
O &E3 < Youngs et al. (Mw9.0) < Youngs et al. (Mw9.0) a8
[ &2 — Youngs et al. (Mw8.2) 1 — Youngs et al. (Mw82) %
O =& 0.1 L 0.1 :
> 10 100 1000 10 100 1000

Fault Distance(km) Fault Distance(km)

KRR 55 864712 (Geometric Mean of Horizontal 2 Components)

Fig. 2 201 14EHALH T RS iR O sk B b2l (h=5%) 7
FRBERECR AEE GLED - BLRI, 2R TIGE, S THRMEELo)
Attenuation of Acceleration Response(h=5%) of Seismic Ground Motion

1 20114 AR 7 R
BOBERE

Seismic Intensity of the 2011 Off the

Pacific Coast of Tohoku Earthquake

Fig.

900, MAX = D.ZT0E404 gal
g-; o.
o0 L . . ' ' ' ' '
800 TCGHI 65 3 MAX - -0.78TE-03 gal -,
5
gae. 3
3
-a00.L -3
¥ + + + + + + + + , 2
0 a0 &0 50 120 150 1A 210 24c 270 A0 g
TIME [ 20c.) 3
300, 200 K-NETAH  WAX = 0396E+03 gal ao0g, 2004_MAJI I MAX = DI14E+O4 ml B
gao. ——%—————-— g1o b Yk
—300. f f ' —-800. B B B
300, 1995_JREERE MAX = 0BISEHDI gal 900, Z007_<-NETHIM  MAX = -D.68BE+03 gl

during the 2011 Off the Pacific Coast of Tohoku Earthquake

gae. AM gae 1o /\ /\
-0 H H H 800 H H H ¢5 L bt el
0. 0. X 90, 120 0. 30, __ 80 90. 120 005 012 ‘00 10.00
TIMC { s0c.) MC ( sec. ) Penoc[ssc)
NS 53 sk B 35 P2 TEHELH FEJEE A~ B L (h=5%)

Accelerograms of NS Component 2-D Pseudo Velocity Response Spectra with
h=5% damping
Fig. 3 BEAEDSREERLER & 201 4R AL T K SFPAE MR O Rk o b

Comparison Seismic Records of Past Earthquakes and the 2011 Off the Pacific Coast of Tohoku Earthquake



RMKLHATFZEFT . No. 76 M9 T A FKHIEE O MEE T T

BHL, TORHA0.2 &5 & 721348 O FBER= R %
Fig. 2 (7R, R, M82 T A DIHFEMHE A& T
BLNFCLERD DAFRR S NI INEEEIRE A7 Lo BREfER
w#ROARFEMZ2HEIE LT, Kanno et al.(2006) VE -1
Youngs et al.(1997) 2 & % R oo TS B 2 OR e
TARd, BIEOHEEEREXTAARENE £ &3 549794
BEAI92500708k D HIKER SR T N VB U KB & k5
2, %A T IR O I0A Bl D 164 H1FEAB0FE Sk > & 7K -2
B DB EEIMEZ R GUAER SN2 b D TH D, FHHE
WCHWE~ 7 =F o — i, il A= oo i #E 0 o
NG LI DE—AY b~ =F 2— F(MW).0DHEIZ
MAT, =7 =Fa— NCHEHBHEARLELND VD
BT ORI % 25 12 Mw8.2( i R B = 2 oo 3 H _EBR
MWIE) DI5E % - CaRd, JEI0.280, BB 2 ik
TESU B JE W OB R LR U R TR
RS DN, E IR ERBE OB R T ITBIINE O U7 A
REL BB A B D, ISR E 72132480 <1, 8L
E& D LEEEERERO TR R EVEAR R S, AEo
HEOSCRLE BT OMEI ORIV 2ot D b
EBEIND,

Fig. 3 (ST OHHEHE ORI 7218 L Hk (19954
SL UL T R H R (M7.3) O IR JEE B, 2003 4F 1 ¥ 1 Hi 7B
(M8.0) D K-NET K #f, 20044F 8718 I H ki Hh 52 (M6.8)
IMAJITT, 2007483875 b kb i 5= (M6.8) (DO K-NE T A1 IIRF)
& A EIERET 2B U 72 K-NETEUH & KiK-net75 5 0 5a iR
SR A B U CORT, WRITINEHEE NSy Th 0, B
ety & e BE sl IR T 2. OR LTV B, A EOHED
BT IR IR VW I R BT b D, WU
TR D 20034+ B i (Mw=8.3) L LL# L T H 2072 Y
E<, RIBOKREREFMNISMBEEMHEL TV D,
K-NETEEAEIZ 3B\ T KINEHEE ¢ K& < 2.7G DNk
R L TV D B EIRE AT MV ERD L, 276
ZRsk L7 K-NETHAE TIXEM0IM Nl L Tk Y, &
JEAARE Sy D EHA R Z VDR D, FREICKIK-net?5 4
WZRWTYH, BAMO7THLLT RS O HER K E W,
%% L L CRIKNCITBEGEIEEEDERANT MO L%
HIEAR COMBHIED AT ML ZERTH, ZD2OD8]
MEESR S b, B DL b TIT TR AR O R L~ Bl
TOHEERRS LroTD, —F, BEOBRAFLEKC
BT, AL ~3BOREBARE L, HRALT R
NDLEREL EFESTND,

3. HItMAKRKFEFHHMEDOEEFH S I 2 L—

vav

3.1 EWERGE (Y ) —BEE) IZ & HETE

ERHEZ xS & LB MEOREEE L T,
20114F B 7 IR P IR 2 k52 & T D M RVIE &
FRIER L OB A RIEIC L 2 WEEH Y I 21—
a & E LT,

FKSH19

\\\\\\

* . BHIEMEBERMBEED

BRIRBASA R

1T

1J

km

—

Fig. 4 SREBVEREBRKOERRET L
(R IT - JILET N, & AR - BBET L)
Fault Models of Strong Motion Generation Areas
(‘red : Kamae and Kawabe, blue : Irikura and Kurahashi )

Table 1 Z&7T « JIEA(2011) ET VDB T A —H
Source Parameters of Kamae and Kawabe(2011) Model
Aspl Asp2 Asp3 Asp4 Asp5
EmAC ) 195 195 195 195 195
BRHAC ) 13 13 13 13 13
A (km?) | 40X 40 | 50x50 | 20x20 | 30x30 | 30X%30
HEE— A
R 4.93E+20 | 1.10E+21 | 8.8E+19 | 1.19E+20 | 2.58E+20
>~ ~(Nm)
i FIRE T B
(MPa) 18.9 21.6 27.0 10.8 23.1
F4 X
44 1(se0) 3.6 45 1.8 2.7 2.7
RS BR 4G
1 (sec) 0.0 35.0 57.0 87.0 102.0
BRI 27V 12011.3/10 | 2011.3/10 2011.3/10 {2011.3/10 [2005.10/13
—B%EE | 316 3:16 3:16 3:16 20:44
|ty M6.4 M6.4 M6.4 M6.4 M6.3

Table 2 AR « B (2011) EF L DOEF T A —4
Source Parameters of Irikura and Kurahashi(2011) Model

SMGAL SMGA2 SMGA3 SMGA4 SMGAB
AT (°) 193 193 193 193 193
BURHA(°) 10 10 10 10 10
i (km®) | 62.4x41.6 | 41.6x41.6 | 93.6x52.0 | 38.5x38.5 | 33.6%33.6
= 2.31E+21 | 7.05E+20 | 4.34E+21 | 3.83E+20 | 3.99E+20
~ (Nm) 31E+21 | 7.05E+20 | 4.34E+21 | 3.83E+ 99E+
ISR &

(MPa) 41.3 23.6 29.5 16.4 26.0
RS BR 4G

B (sec) 15.64 66.42 68.41 109.71 | 118.17
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Calculated Ground Motion by Stochastic Green Function Method (Kamae and Kawabe Model)
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Calculated Ground Motion by Empirical Green Function Method (Kamae and Kawabe Model)
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Pseudo-velocity Response Spectra of Calculated Ground Motion by 3-D Finite Difference Method (Kamae and Kawabe Model)
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