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Study on fault modeling considering complexity of the source fault and evaluation of strong

ground motion near the source area

Abstract

In recent years, seismic strong motions far exceeding the design level have been observed near
the source of large earthquakes, such as the 1995 Kobe earthquake. It is feared that similar earthquakes
will occur throughout Japan in the future, and appropriate strong motion prediction is important for
disaster prevention to understand the effects on building response.

Ground motions are characterized by source, path, and site amplification characteristics.
However, in the near source area, the effect of source characteristics is stronger than in far areas.
Therefore, modeling of the source characteristics is important for the prediction of strong motions near
the source area. The source characteristics of individual earthquakes were elucidated from observation
records of past earthquakes. These many earthquakes’ data have been accumulated and statistically
analyzed to evaluate scaling laws for seismic moment and various source parameters for use in
prediction.

With the recent development of strong motion observation networks, earthquake records have
been accumulated, and the source characteristics of many earthquakes have been estimated. However,
there are not necessarily sufficient observation records near the source area of large earthquakes, which
need to be predicted for seismic design. One of the studies to fill the blank area in the database is
estimating the source characteristics and estimating the seismic motions of historical earthquakes that
occurred before the development of the strong motion observation network. Since there are few
observational records of historical earthquakes, such as seismic waveforms, it is effective to approach
using seismic intensity data estimated from damage and other factors. One of the targets for study is
the 1923 Kanto Earthquake, which caused destructive damage in the Tokyo metropolitan area and the
dense distribution of seismic intensity was estimated from the damage.

On the other hand, earthquake source parameters, such as slip on fault planes, have spatially
variable distributions. The spatial complexities of fault affect seismic ground motions. Therefore, in
ground-motion evaluations, it is important to appropriately reflect these complexities. The
characterized source model, as one of model that considered the complexities of the rupture process,
has generally been used for evaluating national seismic hazard maps and seismic damage estimations
by the Headquarters for Earthquake Research Promotion in Japan. The characterized source model has
the advantage of being simple to generate directivity pulses with certain simple asperities; however,
this model has limitation, which is the arbitrariness of the location and number of asperities under
uncertain source characteristics.

The self-similar model is a different approach for considering the spatial complexities of source



parameters in which the spatially inhomogeneous distribution is characterized in the wavenumber &
domain. This model is composed of various sizes of slips represented by wavenumber spectra, and
does not distinguish between asperity and back-ground areas. Many scenarios can be assumed without
explicitly confirming the location and number of asperities; it seems that probabilistic seismic hazard
analysis is simple to develop. However, the self-similar model was constructed based on data from
many earthquakes around the world, but data from earthquakes in Japan are scarce. It is necessary to
confirm whether it accurately reflects the characteristics of previous earthquakes in Japan.

On the other hand, it has been pointed out that even highly seismically safe isolated structures
may exceed their safety limits, such as collision of superstructure to retaining walls or rupture of
isolation material, for strong motions exceeding the design level in the near source area; it is necessary
to understand these accurate responses. It has been reported that the response characteristics of seismic
isolation structures are affected by seismic motion in 2-D response, such as the difference in response
between simultaneous input in two horizontal directions and input in one direction, and the torsional
deformation of laminated rubber. However, most of the seismic waves used to study the 2-D response
are representative observed waves, seismic motions indicated in public notices, or sin-waves, and there
are few examples of studies based on the characteristics of strong ground motion near the source area.
Therefore, it is necessary to examine the two-directional characteristics of seismic motion near the
source area, and to consider the effects of these characteristics on the seismic isolation structure.

In this paper, fault models were constructed considering complexity of the source fault of
Japanese earthquake including historical earthquakes, and the importance of evaluating the effect of
the source models on strong ground motion near the source area was shown, also from the viewpoint
of the response of seismic isolated structures.

This paper consists of five chapters.

Chapter 1, Introduction, provides the background and purpose of the study, organizes previous
studies, and then presents the structure of this paper.

Chapter 2, a source model of the 1923 Kanto earthquake was constructed from the strong-motion
generation area (SMGA) estimated as the complexity of the source by the seismic intensity inversion
analysis, and strong motions in the Tokyo metropolitan area were simulated. Source characteris-tics
were modeled using seismic intensity inversion analysis, and path and site character-istics were
modeled using inhomogeneous attenuation structure and empirical amplification factors. The results
of these simulations were consistent with seismic intensities estimated based on the collapse rate of
wooden houses. The distribution of pseudovelocity response spectra averaged at periods of 1-2 s was
large: ~ 200 cm/s in southern Kanagawa and southern Chiba prefectures, ~ 100-200 cm/s in eastern
Tokyo, and ~ 50-100 cm/s in eastern Saitama prefecture despite its distance from strong-motion
generation areas (SMGAs). The simulation results were regressed on site characteristics and fault

distance, and the residuals were interpolated using the Kriging method to estimate detailed maps of



seismic intensity and response spectra on an ~ 250 m mesh reflect-ing site-specific characteristics.
The following conclusions can be made: (1) all SMGAs, other than those in northern Tokyo Bay, were
located near large slip areas based on coseis-mic geodetic and seismic waveform data. Although the
SMGAs in the northern part of Tokyo Bay exerted little influence on the southern part of the Kanto
region, their consid-eration was required to reproduce the seismic intensity at the northwest Tokyo and
Saitama; (2) intense strong motion in central Tokyo occurred at the back marsh, delta, coastal lowlands,
and filled lands, whereas low levels of strong motion were determined at terraces covered with
volcanic ash soil. Combined with building distribution, this indi-cates areas of high seismic risk; (3)
the seismic intensity and response spectra in the Tokyo metropolitan area obtained through this
simulation were larger than those obtained from seismic records of the 2011 Tohoku earthquake—the
most recent megathrust earthquake.

Chapter 3, earthquake source parameters, such as slip on the planes of finite faults, have spatially
var-iable distributions, and seismic ground motions significantly fluctuate in accordance with the
characteristics of complexity. The complexity of fault parameters should thus be evaluated properly.
Although self-similar models consider the complexity of the fault parameters, they have not been
exhaustively used to validate earthquakes that occur in Japan. In this study, for multiple earthquakes
in Japan, the slip complexities of finite faults are evaluated using the self-similar model. Slip spectra
are fitted using the von Karman autocorrelation function; furthermore, the Hurst exponents and
correlation lengths are compared with previous stud-ies dealing with earthquakes around the world.
Differences between source types are also examined. The Hurst exponents H are unaffected by
magnitude, and the difference between the source types is small. The median value of H is 0.77, which
is nearly the same as the global average value indicated by Mai and Beroza (2002). The correlation
lengths along-strike ax have positive correlations with magnitude; furthermore, no differences were
observed between source types. The ax characteristics are nearly the same as the global average value;
however, the correlation lengths down-dip ay correlates positively with mag-nitude. Nevertheless,
there are differences for each source type. The ay characteristics have saturating trends for each source
type, which is attributed to the thickness of the seismo-genic layer. The moment magnitude M,
saturates at 6.3 and 8.4 for crustal and interplate earthquakes, respectively. This My, is nearly consistent
with the boundary between the first and second stages of three-stage scaling. Furthermore, as for the
relationship between these estimated parameters of the autocorrelation function and the seismic
motion near the source, it was confirmed by simulation that the correlation length affects the corner
frequency of the ground motion, and the Hurst exponent affects the slope of the spectrum in the high-
frequency region of the ground motion.

Chapter 4, response analysis of simultaneous input in two directions to the seismic isolation
structure was performed using the observation records and the simulated waveforms in the near source

area in Chapters 2 and 3. Response values differ between simultaneous input of the two horizontal



components of earthquake motion, which are elliptical, and input of one component in each direction,
and response analysis using only the one component in one direction may result in underestimation.
Therefore, it is important to evaluate the orbit characteristics in two horizontal directions for ground
motions near the source. When the top depth of the fault was 3 km, the orbit characteristics near the
fault line were linear with only the fault-normal (FN) component, but the shallower the top depth, the
more elliptical the fault-parallel (FP) component was large. The contributions to ground motions of
the near-, intermediate-, and far-field terms from the Green's function of elastic full-space for a top
depth of 0 km, the FP component is dominated by the near-field term, while the FN component is
influenced by each term. Therefore, the orbit shape is expected to be an ellipse with a large FP
component at sites close to the source. The relationship between each of these components and the
contribution of each term indicates that the ratio of the FN component to the FP component changes
with the rupture velocity, resulting in a change in the orbit shape. From the viewpoint that the two-
dimensional response of seismic isolated structures differs depending on the two-directional
characteristics of seismic motion, a theoretical method that can consider all terms should be used to
evaluate seismic motion near the source area. To provide a basis for the range where such an evaluation
is necessary, the "area near the source" is proposed to be within the distance where the distance
attenuation of the near-surface term switches. As an example, the range that is near the source of the
2016 Kumamoto earthquake is shown.

Chapter 5, Conclusions of the findings in this study and future tasks and prospects are described.
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HATQROOT)IEET —F DA /3= a URHTIC LD | B N CREE I — 1L % — & fi
U7z 2 HEE L, S50, FRME - MNEE(019) 13 7 L — b bR e & 7 i oo ek A KL
L7z ECHEA =2 g VT 24TV, BRI L~V 2O MUEIC X 5 B L O RI%
WCEODHEE LT, BEA X — a VTS OBE S HIEE Th 5 1707 5k IR, 1854 4
PR E . 1854 AR B E . 1944 AEREAN B R . 1944 FEREAN B2 & 3
METWD (#HIE2, 2003,2004) , 7272 L, 246 OBFZE CIIEE M =1 — DK
DIPRENTNEDOHRTHY, MEHKIEDOY I 2 L— 3 VICKEREIEET VO
FEE T T TR, T2, BIRD X D IR & ) IEWELRY 7o FRAE ISR L CRRERIN 72 B
BRAWIZA =D g UETTH Y, TV — BB EE RO TEHEIN R T e —F T
ECAAAN

ZZTH2ETIE, YROEAMOMBEERZHHT S L2 HME LT, BT Y —>
BAEGEIZ K0 1923 R RME O g HIE OMER > I 2 L—a v &7, BEZHWZA
R— g UHE RIS S W T L DI PEIZ oW T, 1923 AER B IC B 1T D KT
BEZBROMEBEH THA X —200HET 52 LK VEERT 5, EBIEFREIE, #0E -
E(019) 255 & L, %ﬁ@%@@ﬁW%E@ B RZBRWICEBE A =T a3 VR
FIlZFEm L, v VF T ARV T 4 BT VLKL EBRET VEMET H, —H, VIl —v
aV?M%ﬁ%ﬁﬁﬁ?ﬁ<E%ﬁ%%ﬁ&ﬂ@%@%@%ﬁ%ﬁ%%?%éo%:T\ﬁ
T« INAE(2018) N UTAE DB R 2 BUHIGESR 2 W= T 1w 7 X — g URITIC X 0 Sl L
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7= BE SIS O REJE AR IS & RBRAI R IR R A R 80 7 ) — BRI RS 5, v R
a2 b—ya roxtgl LRI OMEDEE» GFHIEE 2 HH U, K 2-1 1SR TAREESR
BRI SEELERMICHE TS TARAY I 2 b—a VORYYEERGET 5,
%@LTKKXA7%w@%%vmw%%ﬁ%%kéﬁ®%% Oxtit e & & BT 5,
WA, BASKGH I OBLE D DT X 0 F MR RE DM OFERBLIEL B X bd -0, HE
%@ﬁ@y:;v%va/#%#%&)%/ﬁﬁu DR LIS AR BV O HE R [
ATV, SRR HEE DM A HEE T 5, RBICAMEEORHERNOGLLT 3 S0#Ema1T ), 1
DHE LT, BET —ZICHEDEHE LA OERE TV &k - s HEE Sz
BEAERFIEIC K D0 A & i 9%, EEVAERIR (SMGA) & K& 7290 Ol DONL
ERIREBLE LIz BT, T30 O R Al 6 ML 5 TS ILE O SMGA OB % R
T, 2 D2HIE. HROREKET TH 5 IR 23 KNOMER L~ )L OENEZREFTT 5, 1923
FERHEHME LR X A T OMEBENEAELT-GEOMEY A7 ZHETDH NN & LT, #

BE L~V OEW & BIROEW A OXHG R T 5, 3 DI, AT S 2011 4
FAC T RS PE R OBLHIGE SR & 1923 FFRARMB OAR Y X 2 L—3 3 VRO S
BUR D% < O NAMEER U7 AL KEEE IR ORI & BRI R KO EZ 726
L 7= BEHHE DR OEW 2 L4 5,
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metropolitan area
By

30°N _.,"' 500 km

1 1 1 1

130°E 135°E 140°E 145°E
o 1 1 1 1

138.5° 139.0° 139.5° 140.0° 140.5° 141.0°

34.5° L L

2-1 1923 AR HHIE O R EEF SERICH S BESA GEIF - R4, 2002) , UMM
YA NOEBEAZFT, IROEHE CHEN-HIKIISAEOREDMNLE LR L TT—X v
kB R R A 21,
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RET—X

W

2.2

u%‘# HATQ2002)DREELIE 1923 MEYIFOITHX Ay Z L ICHEESNLTWD, ZZ2TlEIh
R A BATEX Sy OO - REE L TT —Z 2K 2-1 1TR LT,

u%‘# HAQ002)DREESAILI H 1 HORER, 9 A 14 HIZEHRIN T —4 (ﬁ}{ﬁ,
1925) & 11 H 15 RIZER SRR (WBE SR, 1926) OAREFEEEER(IC
WTWD GEFE - B, 2001), Z D72 DHEE S BE S IIARBDO 17 5, ﬁfﬁé@%ﬂ%

DORELZEOHEIMIZER L TWD, MH - IEEQ019)IEX 2-1 DEES ML D EEH
WTEEA L RN—Ua v EELTWDT, HEESINTEERFFEICOREBEORENE £
NTWD EHERIEND, Ll RERBRERT — 2002 TOREBEORELRVCEE
AR EHEET D 2 LIXIERICNEETH D,

AR B DORBIZOWTL, IERRMERFT OAAX FREF RN D 3 0k L 455
BOREBENERMIN, v~/ =Fa—RNEIENETN 72 BIO 73 LHfEEESn TS (BF,
1994; FAFIED>,1994) , EAT(1999) X BI I D HIFE DO IRERFR (AT, 1998) ZEH L, Zih
LORBICELVARBEZED 2 B2 L 3 [BEFEIZ & D IRERER S B HHIIER 0O LI /04 3
HZEERLTND, E6IZ, 2MHDOREOHFN 1 HHOARELY B FERTZ VK
BRI DI L R L TR Y . TN 2-1 OIRARHR CHTr 4 ORI TH D, ZnH o
4 DOMIIZ, BEITK L TRED ﬁf’i%f%&:k%wt&ﬁﬁé:%z bILd, RFEIZZ LD

REORBEWS)/NS LT D012, K 2-1 OJKAMGHR CHTe 4 >OMIE AR\ =T — 4 &
v NERFHIRAWD, Z O/EETZ 7(%%@%2%“ ETHERRTE 2D Tl s, BfER
BNTWDEANLARERR Y REOREL /NS TLHLFEE L o7,
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23 VIal—3i g g

AT 7 v — A& X 2-2 IZRTT, ARRFIE IR, ERIRRFEITAE - INEQ019YESE L L, RE
DOEEOIE\NH R OB BN R A RN B A 2 N— 3 VRN 2 3 7212550 L 7= fE R
HESWEET VAR LTz, (GRERIEEHE & BRI RA I X A% - Q018D T v v 7
A L N—= 3 URITIC K D AR E RS L RRBRAIEIESRIC RS X RET D, RV I
2 b—3 g UIERRERI 7 U — B35 (SGF, Boore, 1983; Irikura,1986) # AW 5, FODEED
TS HI R (T BLNIROSE Cld 7 < Boore (1983)123-3 & N THIICIERR L, BIERRIEFHE & HiiE
ﬁ%%r RO E S & RROEIEREE A ND, Y Ial—va VREROETE

SEHAEBE LIGEAT MAEZRIL, 7V X 7KL 0T 5 2 & CTREHES)
%ﬁ%%ﬁ#éo

18



The 1923 Kanto earthquake Recent earthquakes
Seismic intensity data Waveform data

|

Block inversion in spectral domain

Seismic intensity inversion (Tomozawa and Kato, 2018)

AN | |
~
Source Path .
3 Site
Strong motion Inhomogeneous o e
. . Empirical amplification
generation area attenuation structure )
[ Stochastic Green'’s function for subfaults J
s I N

Synthesis of stochastic Green’s functions

I

Strong ground motion waveform

\ I J
e )
Seismic intensity (I;a)- Response spectrum
L Y,
4 I N\

Interpolation of I;,, by Kriging method

I

Detailed seismic intensity map

X22 vIzl—raryO7a—
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231 EEEA L N—T g URFT

AMGEORE DT — X & v MIIESZHE - MNEEQ019) & [F] U F{EE K OMFNT 514 TR
Rtk a2 HEE Uic, BEITHEENE R &L R | BN RBE Ch 5, 1Eo T, RYE
R O/NNE Z L ICEEEAHAE L, TALEERSDOE TAREOEREZHETET 5 HEN
e, TR BRA = g VIEFT CIA VB RTTWA 7Y — B o T e —TF
%, BET — X TIERARETH D, ZHUfbd ke LT, #H - I (2019)135 M7 =
X —% 5 2 DA SRR B O BT H 2 SRR EERE Xoq (Ohno et al, 1993) %
W7 T —FEu A Uiz, 4 DIEREE 2R EiE & S BILE OM A G LI Xy ZEHE
L. ZOfEZEAWT, AEFRICH U OBES N EIRERIC L BEZHEL TV,

REA A= 2 UITIC L D = VX — ORISR OHEERR & 232 HTHE~D
SMGA D& % X 2-3 1239, BEA 3= 3 VT, ITFEOHBEOBE ) SRS LT
R A2 AT, FROMBOEE L OMENR/NE RDRBT~ S =F 2— KM &
Wi N O = L X —lik i 2 HEE T 5 (M IEA>, 2003 ; Kanda and Takemura, 2005) , A<
R CTHEE SN2 My 1% 7.8 TH Y | FEHE(1989) & Kanamori (1977)%2 /45— AV b~
J=Fa— KMyt 79 Tho, [X2-3 ORPFIEOFER L HH - MFEQO19)DFE R DE WL
TS,

SGF ¥ 2 b—ya VIREL R ZBEAM L~ 4 1%, Fli72 =1 & LS E oh#
FERWANT hOa—F—FEHLUEOT7 T hL~LThHY | Z 2 TIHITEOHED
BIEL A OB (FHH - INEE 2019) 22 HHEE L7z, AFEORERITEE L~ [ = 4.49,
A=473X10°Nm/s?> & 720 . i « MEEQOINIZ L DFEREIZIEFR L TH 5,
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232 SMGA EF /L DOHES

WiEET /L D/NT A —F 2K 2-1 IR T, RBFFETIEL, X 2-3 D= R — 530 Mo,
AZEEMEL LT, =V F T AT 02570 (ARIED, 2002) 12L& 0 W8T L 2
T 5. ZUOIT, M - MAER019) & [FIERIZ =R F— U A S 2RO D 2 5L, Eo
fHI A SMGA & L CHiHE L, 6 2 SMGA & RAEIOHEE — A > b &2 = R L — i
SAADENEIIE CTHELT 5, 45 SMGA (ZFESERFM RIS L, ZOHEE Su

(i 13X SMGA OFF) LT 5,

WIZ, LLFOWIVT Mo, A, 4 SMGA DOFREFE Sa 72545 SMGA D)1k T & & 8
LoV aikd D, ZAUFIREB TRV v (AR« =5,2001; Irikura and Miyake 2011) D€
TbER—2 L LTEY, Ly EIFSRESRHME & L CTHEM 0.1~10s Zxi5% s L T4,
ZOPHAATIIRT R0 I L SMGA 3[FEI L, 7205 EH] 0.1~10s O TIFEEH & &
FEMOHEZARFELT & LTHIEET VEHMATNS, WESERmEOEMERE R 2
TINT ARY T 4 =T VOHGHRIIBIRICESL

_ T MoVsk,
4 Ar
(2 & 0 B9 % (Madariaga, 1977; Irikura and Miyake, 2011), = Z r 134 SMGA DA

BT r=(Sdm)"2THY ., V T EREHEE, Vs ITERD S &@f To5H, KIZ, Eshelby

(195YDMIEZ Z v 7 ORR G B RR OIS TIE T EAcZ FHIHT 2,

2.1)

7 M
fo = R§ (2.2)
Ao L WiJE RO S=nR? & S, DR D, Madariaga (1979)0 BRI 4 SMGA
DOFHIS I T REAc, 2 H I LTz,
Ao, = i -Ao. (2.3)
Sa

U ITNT ANRY T 4 ETNTIEA L Ao, DBEFRD,

A = 4nVsV Ao,r (2.4)
TRIND, ZHEIAT T ARY T 4 BT VZHERATRETH D . % SMGA OEJEI L~
IV A; LIS TIBE T BAo I L FOBRTER IS (ARIED, 2002),

Ai = 47TVSVI-AO'aiTi. (25)
Z 2T, 1T i FH D SMGA OFEMPARTH Y | 1= (Su/m)? ThH D, BIED 4 &% SMGA
D A1k
N
A2 =) A7 (2.6)
2

TEIN, Thbbiiuifra—Lr MIENRERDIZLEZEWT S, 2212, NIX
SMGA OE¥cTH 5, Z T, ERNLS ITFRIS IR FTE S IFITE LW EE L (Irikura
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and Miyake, 2011), 31E7/>(2002) & FIERIZ, & SMGA DAgy; & X0 & Dy (255 L CTHiE /X
Z A —Z OFEAID

aj

AO‘ai o Sai (27)
PRET D, 2.5 EXRQHMND
MOai
Aj X Dy; e, (2.8)

ETR 0 A D Moail Sa \ZSEBIT B BRBE DD, WD 4 &4 SMGA O 4; DRI
R(2.6) £ KQR.)IZHAWT, KNUTRT LT 4 % A4 THBLT D,

MOai/Sai

, 2.9
Z(MOai/Sai)z ( )

) - AEARHI TR (2013) D 7 4 U BT L — R DOLIAFITIH O L9 ICRD 5,
E RIS BT, SMGA OATHREBZ L Ialb— a5, BHO S HHEE Vs &
B o 1XTHERR AT SEHEEARER(2000) 2 2B L, £ 3.53 km/s & 2.7 glem® &4 5, &
2 ST B S VIAEFRIE DN (1994D)ICHEVN 13.5HZ L9756, 7T 4 =—3 g V87— 1%
BII &N OYEETH D 0.63 &9 5(Boore and Boatwright, 1984), 71 X & A A%
Kobayashi and Koketsu (2005)D 3 V) S IRF[EIBAE 2 2512, &2 TD SMGA T 8s &
%o BAROEEER G AL Sato et al. (2005)DAERLG R TV SMGA4 DEF LT 5,
EARTREEE V1% 3.0 ks (INERIZ A, 2013) &35, SMGA4 OREIERG S HEIE L7
% SMGA ORFEERRLA S Z A E L TH SMGA W% [ELFLRICHRIES LS 5~ )V FonA 7R
T —EREEE LTz,

AiZAX
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F2-1 WiE AT A—H
Parameter Value References
Total

Moment magnitude My 7.9 Seismic intensity inversion
Seismic moment M (Nm) 8.91E+20 logM (=1.5M ,+9.1
Short period level A (lesz) 4.73E+19 logA=0.5511 e+17.2 (Kanda and Kato, 2019), 1 e=4.49
Area S (km?) 8762 S=nR? R=(Tn/4)Vs’M o/(Ar), r=(S /m)*°
Stress drop Ao (MPa) 2.6 Ac=(7/16)M o/R*
S-wave velocity Vs (km/s) 3.53 HERP (2009)
Density p (glem®) 2.7 HERP (2009)
Rigidity u (N/m?) 3.36E+10 u=pVvs
Rupture velocity V., (km/s) 3.0 Kato et al. (2013)
fmax f nax (H2) 135 P (F)=L/(1+(F /f 1)>*)™", Satoh et al. (1994b)

All SMGA
Seismic moment M o, (Nm) 6.23E+20 M 0=ZM o4
Area S, (km?) 1877 S=2S,
Stress drop Ao, (MPa) 12.4 Ao =Ac (SIS,

Each SMGA

Number #1 #2 #3 #4 #5 #6

Seismic moment M ai (102°Nm) 132 146 132 078 069 0.66 Distributed by energy of Seismic intensity inversion
Top of depth hi (km) 9.5 31 118 54 284 148
Strike 0; () 294 326 313 300 291 282 Along the top interface of the Philippine Sea plate
Dip 5, () 17 19 17 25 15 20 (Disaster Management in Japan, 2013)
Area Su (km) 400 361 441 225 225 225
Short period level A, (10°Nm/s?) 192 235 174 201 179 171 A;=AxX(Mgy/S )/[E(M 6a/S 4 )Y
Corner frequency  f o (H2) 006 006 006 008 008 008 f=[A,/(d4n?Mqy)]"?
Stress drop Ac,; (MPa) 109 140 94 151 135 129 Ag,=A/(4nr;V2), ri=(S,/m)>°

Background
Seismic moment M g, (Nm) 2.68E+20 M p=M ¢-M g,
Area S, (km?) 6885 S,=S-S,
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T T T T \
36.0° %} \& 4
Y
\\‘-
Q
35.5° .O i
FHOO
o0
0100
00O
o0
Q0O
QO
: o0
OO0
. 0000 A.,,pq;,
35.0° ?:}'*1("* O SMGA :
@) i{’-";;’ Y Multi-hypocenter
088% PHP top depth
D O Energy distribution
[— ]
N [ | 0 (Normalized) 1
o50 km
345‘7 1 1 1 1
139.0° 139.5° 140.0° 140.5° 141.0°

2-3 EBEA N—T g N AEBEAM 2 L0 & SMGA ONLE, KRR

Z7 4V L— b FEIEESThH S, SMGAL DENFHNTHEEE L. 4 SMGA 1T~ /1

FNA R =R TH D, TRAX—HHGARD A —Vidik KIE%E 1 ICEEHER LT
RLTW5D,
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2.3.3 (BRI RE

FA%E - INAEQ018)IX., DR D MEBLHIFSRZ W7 v 7 A =2 g UifTIC
L0 BARHUIRO R E RS 2 HEE LT, BIRHUIR O R 7e Q L L THEE Sz
AT (1993)D 100 £ 07 (FIXJERE) & AT, RO OfEEIE°X° High-Q, THER
P OFEIRI TR Low-Q DHMIC S D, AR TIXZ NS ORMEA KT 572, x5
U L T—ED QM TIEZe <. SMGA & Ffli i D4 & DARFRRRIKIZ IS U TR E R
WIEZ B RE L T2F 72 Q a5 2 5,

2.3.4 MR A R

JCIER - NFEQ2018)I L 0 HEE S 7=, BRI K-NET - KiK-net (#1%%) #Ll.5% (NIED,
2019) ORRBRAGHAZBIER OKFE) %X 2-4 (287, ABFZETIE, 2D & MERAE»
HHIFR E TOHERER L L THW, 2 bid, F/MEORRSEICESN TN D72, ##
ORMBER L B2 b D, BffE OBIE, BEEREMho S X 0 I/ hE v, 3
720 BIFHIE R AMB LA X 0 FESRAC /N S T #US AR L, FERNE RN 5,
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KNGH21

SITHO1 — KNGO003
TKY 025 CHBO021
TKY007 — TKY002

Amplification

0.2 1.0 10.0
Frequency(Hz)

2-4 PBAEHUE D K-NET & KiK-net (Mi3) HiSOMER LGS #FR F TORBRAMH
MEPEE R, RO OWTZRIE, S K0 SRS R MR 7 HUS AR,
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235 RIS Y — BEED F Ofth o Sk

ZOMORENT G L LT, BRMEORZBERIIZ T L— MERMES Fexs L L

TV DERRIED(19940) DRRRFRFE RIS Z IV, ACABRAEIT NS 55y EW A3 IZ 570 2 ELEK
525, WEAKEZIT ) BRIZIE, 2B LIz N DOV A X LB EREEIC LV AL DA
TR ) A REHRET D72 (AR, 1994) . SMGA N % RO FRICHEDS 2 /N O R %
RFRC . — Aw/2 < At < Aw/2 (Awl3/NETE DIR) 207297 2 572 5 AN A2 TV 5,
ATk T XL L L, 57— ADOYMIELEERET D, FHIGIREN ST, A - Nk
(2018) L #ii 2. T 0.2~20Hz & L7,

236 7 UK 7EICI D HER ORI

EEIEIE O Y I 2 b—3 a3 ST IEIE R A2 W A 728 B A =
HIAIZIR S5, AWFFETHVZ K-NET, KiK-net BLHSI3HE225 20 km BIFETH 523, B
KEHEOBLE B AT XY FHMR BB M OERNLE L EZ B D, £ T, K-NET,
KiK-net Bl DY I 2 b—ya VIRTEORE LISEART MLa s U X 7RI E
W U, SR 2 BB 0 A 2 HEE T 5, MR OMEE 2 Bilic s U X v BTl o &
FEEEDST O IRERBLIN ATV MEIZ 22 525, BEEEDNE < T Z OHUS O M P EDS B e uiT

MBS IR/ 2 B2 bivd, 1923 FRIEMEOHE L BEORRICONTEH, Bt
BT O, b BB AL L < —BIICELSCTWHBE CHREN K E 2o
722 LS - AT Q002)IC L VIR SN TV D, T D72 2 2 CIRA M LS o HiR E A
e LAl 3 %,

BARAIIZIE, K-NET, KiK-net Bl 500 B E) % g & EIR IR CHlR+ 5

SM = alogVs3g + blogZy o+ clogXeq+d+e (2.10)

T 2T, SMIT Ima=<e pSy 72 EOHIEBNERE CTH 1V | Vezo 1338 30 m VI S I, Ziol
Vs 1000 m/s @ FHEITREE, Xeg L5 ﬁﬁ%X@@Mmmﬂlwﬁfﬁéoabcdiﬁﬁ%
BTHY elIHBUNRIZA U D RURERZETH 5, HERTE RO T — X 1L, Vsso IZ1% Japan Seismic
Hazard Information Station (J-SHIS) V4 (42 « #2[f, 2020) . Zi 1213 J-SHIS V3.2 OBIFHL S
DET - YRS AR E T 7L (MR A IFeHEEATS, 2021) Z2H0W5

BRI L0 B SN BRR Dz 7 VX ZEICL VT2, ed®IND A
77 Kp(h)VL, B & BEEfER £ 0.5 km OFEFAIZ S D jELIS OT Hn(h) & AWV TR T
BT 5,

n(h)

1
) =5 Z (i) (2.12)

27



P Z RN TRTHEEEBROET NVEEYy(WTT7 v T 47 L, 7 VX TIEICHWD,

y(h) =¢cy+ ¢ {1 —exp (%h)} (2.12)

T, I Ty by cEor, aldL U Th D, MliffHLE De & MR R & R TR EREED
BROEYFAUC LV MUEEB 2502, 7 U ¥ 7 I M B 2 £ oA OFFRNI g
LTWD, BRI B G BROIZERED T BRIV ZEL D RN R o7

O, T 2 CIIRIEEREE S BUF AT OBAAEI AV T,
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24 Izl —va iR

241 K-NET & KiK-net Hi 50 58%E

PREEIY R 2 L—Y g VOFMERE R & LT, K-NET & KiK-net %1 h OEE /A %X 2-5
WRT, Y22l —varOEEIT, KFE 2 ROOEENLEE LIRS T O NEE

(Shabestari and Yamazaki, 2001) % 2.3.5 TH TRz 6 X ELE 5 r—ATEH L, K[RIT
IR (0,1,2,3,4,5,5%,6,6,7 0 10 &P & LIETH D, FHliHRIZ. EERED 6 11
~7 OHUEAFFENNRFFER THERFMEIC L < A L TB Y . 6 ROMITHRFERIC S R
D, 6 FFOHURITHGE A, THERUES, By EIRAGH, AR RAGES, (LAY IR A,
B[ BL B 720 & IREPIC O LT 5, 5 ORI, THERBE-C R GUE Fah, 2K R
2L TS, ZabOMEAIEEEH - A Q002)I2 L 5 EES (K 2-1) SRS
T2,

WE OBAMEE LV EEMIZIHET 5, X 2-6 DFRFILIL K-NET, KiK-net DY 2 = L—¥
a VEBETHY, JKREODON—TKBEN Y 2 b— a VHLED B JE 3km IN, HIAGHRAS
JE 5 km BANIZ & D - BAT2002)DEE 2~ 56 « BAN(2002)DEEEIL 1923 44
REDITEX 5y Z & OREFBREERICHESEIHE SN TR Y | AW THIG L 3% K-NET,
KiK-net BLHIA &L HE U EITITWVALETIEZZRY, 22 SilORL@Y | 2 2 Tldek
H - HANQ002) DEE A AT Xy O LORRE « RE L L TT— 2 afhioTc, 7—FI3E
JERECH D72, HITIE TR LTWD (Bl 21X 5 991% 4.5~5.0, 5501% 5.0-5.5 72 &), &
DOFIFANIC I 2 2 BEW CTHEBURT — 2 DR 5581E, TOWTRLTWD, JEBICHEH, -
EAF(2002) DEEEE 23 220y K-NET,  KiK-net #S3 R /RE9, g rIRE7e RO AFK R LT
Do IRIEJKEADN—[THER > TV HHFIIWEDNES L TWD Z L E2arRd, JE 3km B
N CHlIE AT 2 MR L 88 M 51 M, £ DGR 58% Th D, MHDOEREDHR
ZE 0.5 LNOENZ T TV D HIR B EES L TV D HIRIZE 5 & 88 M 80 i, #&
AN IN%TH D, JE 5 km LINTHEDFEST 5 HAUE 120 HimH 79 A CREA I
66%. R DEFEN 0.5 LNOHENT TR TWDHE G & 5 & 120 #sr 111 #s, &4
BN PBUTHY, ¥ =2 b—3 g AFEEH - Q20022 HE TETWNWD Z AR TE T,

T TEH 5% DL E A AT RV pSv DAARIZ DWW T, JEH 0.1~0.2 B D fE %
2-7102, JEH 1~2s OFEIIMEZ K 2-8 IZRT, pSv TP & EEEL S 7 — A, K2 Bsr D
DAY SV E ST TR Lz, 0.1-0.2 FOIIRIERY O WPk [E A H 5, 1-2 Bhi3sk
BESLHRH a7 ) — MER EOEBEYOEA IS L TR (AAREFEY S,
2020), LFHICHETH D720 Z O MIm 2R A TS, AR IR0 T3 R R CId)E #
0.1~02 B> CTHI 50 cm/s, JEH 1~2 B C 200 cm/s %48 2 2 HIAL 8\, HURCHD BUER CIdE
0.1~0.2 BT 20 cm/s, JEH] 1~2 BV THI 100~200 cm/s & 72> T D, SMGA 7> 500
NTNLETH DA, i ERFEH IR 1~2 BT 50~100 cm/s & 72> T\ 5,
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AT T E Lﬂ\éﬂﬂ%ﬁ% T H B OFLERICE S I OMIERTH Y | K
iR D HUFR ) & 52 1T 72 BRIC A U452 HUE O FERTENEITX B IE STV 7220, HR O IERRIZIEN
R Erzé%ﬁ%hob\f T EDIEDQO2D A BERIEFIEMHTIC LV BET L TRk Y | #IF
IR RIS < R & BB AN BRI R M 2 B L2 BE OEWIT NS W & 2R L
TW5, BGESEREZ HWIRE A7 VO IERIERERIZ L O - 2)112014)<CH HIE 2
(012 AT L TH Y | #YEHRHZK L T — 7 OEFRGHECHEROKRE 2 & 227 vk L
TWD 2, BRI OBLHIFEERZ X5 & L2 TIE R W oD | ARAFFE~m I3 L,
B SR HIIER I o W CRIRIE O BLRIGLER S B SN BRITIE. 26 DI EOREREY 72
ETFNLEY I 2= a DO EEBNLEEND,

2-7 LK 2-8 IZRENC/R L7z HiRE, FREBRAYEIIE S )/ N S 7 s T b (X 2-
4 ZEAE TR LB . HIBOIERIEHEN /NS WEEZX L 25, ZH0 7 HisIZD
WT, IR A 29 12, BHELHEIGE A7 ML &K] 2-10 12T, IEEKFIT P
HEFEES 7 —RAD D BLEENEZIHR BTN 1 T THY | JWEAXT UL S 7
—ZADKF- 2 sy, 7t 10 WOKMTEEITH 5, mAMEE (PGA) 2 b KE W HSIX
CHB021 TH Y 1G ZHZ T 5, SMGA OIFEFFIZALE T 5 #A (TKY002, CHB021, KNG003,
KNGH21) TiX, PGA 2549 600~1200 cm/s> Th ¥ | KIEMEOHIEE 3K 15 FLHIFE 7214

LRI E o T HEE A K T RBIFD TV D, SMGA 2 BB 7 HS (TKY007,
TKY025, SITHO1) Ti&, PGA 23%J 200~350 cm/s> Td ¥ . SMGA ITfFD LS X 0 I HENE A3
/NS W B 23K 40~50 TP D ELE AR Ok TREV D T D, SMGA 5 O #iLsiE, 3
VY SMGA DREEENLFLAITEN . SMGA 7> b ROSPBEAL 7 R I E D SMGA D HIEE 734K
SR ORMZE TRIET 5720, SMGA TSR L 0 b kR 23KV, TKY007,
TKY025, CHB021, KNG003, KNGH21 D% A7 h WEJEEIR 1~2 TRk E < | & HEIx
#1100~150 cm/s T 5, TKY002 & SITHOI TIEHKI 30~70cm/s D LAY/ S 22521 T
%, KNGH21 & TKY002 DA AR MVIZR BN AR 0.1 B0 B — 27 13 RBREEEIE
FOHBE AL TEY, BRI X2 O TH S, CHBO21 1E 7 HiS D 5 HEEN
6 MR BHRE L, JAMK 02~1 B TINEAT M bicb KEW,

MEEDFEIUZ DWW TIE, AEFRRERICES EET TR L | ok remiciEad
HUEBRR DR SN TN D, AT « MH(1994)I2F & D BN RBRERD 5 6| HZEB P C
X TRIIEED 4 7, DR ZUE 40 Foflkfe ) . BRETIX ST RS BT TR TEE M OR
) X3, 40 1) L SN TW D, BA1998)ITHEE D EFIRI G, [AEIC K 28 (HifE
D 23 X)) OFREFB OMERERHEIL 30~40 2, £<TH 1L EffaafT T Tnd, HT
23 XN TKY007 & TKYO025, *%’EA(D KNGO003 (332272 R DOMKRERF R 5K 40 B ThH

RBRE L FIE Le\, RBRERICIE P G L T E b & & bdu, KFEEIO S A
iﬁ%&?éﬁﬁ%@v‘: 2 b—va VIEIE S E B AR L T E RS 1 DDOFRE S
LTI ZITmwRT,
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24.2 uiff‘&]i‘m %b/\? /7

K-NET, KiK-net BHIAS TEHELNI-Y I 2 b—3 g URERZ W T, EHISHHR L
ANV AT ZHEE LTz, K-NET, KiK-net BUH R OFHAEEE Iva AH 0.1~0.2 B OIRE A~
7 RV pSvs, JEHI 1~2 B DIGE AT ML pSvy ZZIVEILHIIZEELE L, Vsso & Ziow Xeg
ZiBAZE R L L CHEBURT S &R (2.13). F((2.14). K(@2.15) &7,

Iima = —1.301log Vs3p + 0.10log Z, o — 3.28log Xeq + 14.21 + ¢,

(R BRI 0.90, PRE(RAKIE 0.81) e
log pSvs = 0.05log Vszo + 0.02log Z1 o — 1.52log Xpq + 3.77 + €5, (2.14)
(EHI IR %RIT 0.80, PRELRELIE 0.63)
logpSv, = —0.80log Vs3p + 0.121log Z; g — 1.58log Xeq + 6.21 + ¢, (2.15)

(EFBAMREUT 0,93, REMFREE 0.87)

&, &, &, [ EEREZAETHY . FREEOEINVF T TILET 4 v T 47 LIzETVE
BAK2-111CRT, 77y MI0 EMREL., Duay pSvs. pSvi. DEXICKILTL 2 PE 7T
km, 10km, 7km, /LI 0.100, 0.045, 0.019 LHEE ST, EFLVEEZHNTZ U X
IR KV [BIRFR A% 250 mo[ERR C2ERIAH] Lo, Ml L7 i 2222 OHE D Vo & Zio.
Xeg ZFNTH(2.13), HK(2.14), K215 & Y RD 7= w72 3R B 047 2 X 2-12, K] 2-
13, X 2-14 (239, X 2-12 OFEE &K 2-14 OFEH 1~2 BOISE ALY bvid, Bz 13
IR CRFTNCEREN KR E 2572 £, JI-SHIS V4 (B « FA[f], 2020) @D Vo & ALL7= 5y
HilZ72 > T D, [FURREICAHABIND X DI Iva & pSvL I Vszo DR RE < £ OHIA
@&h@?é%&%bt% EE TSN TV D, I 2 b—3a UREREZDOE EMIM
FPIC, ERo X O ICEREEE MRS D 2 & T, HBHERA KBS NI Z AR TE B,
—5C, X 2-13 DJEH 0.1~02 BDIREANRT MU 2-12 &K 2-14 © L O 2 Hug
WCkBar b7 A MR, ZHUERQR.14)D Vszo & Zio DRVYFFREL DAEE K (2.13)
EXQIHEV/NELFERE LTEEFE XqDHNBEET DD TH D, (> T, EHOE T
K%é@ﬁ?%%&DSM®M® MO HIBIZ LS TIER R E LS 25T D, 2-1 D
A - AT (2002)12 L B BEE S ﬁ&lzn%m&#%k B ERFH O SRR 72 R 6 3mSe
7®ﬁﬁ@ﬁﬁ?%f®&“# Z3) 1| BP0 & T HE WL D R FE 7 ORI I I A R &
nfwéo%EE%%@E@%%%_ﬁﬁ¢@%w%ﬁi%ﬁ%rwmﬁﬁw%%k%z
Lbivd,
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25

251 SMGA & K40 i

AR TIL 6 DD SMGA O D WIEET N ARESE LT, X 2-15 ITARIFEDEE A /N
—Va UM XD BRI = RV X — A & E 2 DR LW g T v, I L
WEBDA 3= g URITIC K 290 7340 (Sato etal., 2005) DI Z R,

Sato etal. (2005)DF XV 5341, 8m AR HKRE AT NY OFIHDS, #A)IREER D/
H A & A 23 TR B HGR O =i B OE TIZH Y 2m 22 27 <0 B3ERRIZIA < 47
L TW5, SMGAS LSO SMGA 1, T30 OKRE RO EN O TIALEIZH
D, Tibb, ﬁﬁwfﬁ%kﬁéﬁ%@@uT@@%%%ﬁwfé%mAkﬁ+@ui
OEEAHCHREE 2 FT 5 L 5 72T R0 L BV LEICH D BT TV D, [FEEOME

(X, 1944 A= NPT B Vi 1 W%¢Wﬁ@@%$ 1968 4F-+- AR . 1994 47 =1 5 H»
IHIER . 2003 4FEH ST HIER . 2004 FEACH By HIER . 2005 B IR O HUE | 2011 4F L
W57 KLEF S 22 & B < OB OEE A L 8— a Ui OBERERFFE T L iR
fif SAL TV %  (Kanda and Takemura, 2005; #fH - B4, 2006; EAT - #H, 2006, 2007; HATIE
72,2008; I, 2012), 2004 -2~ 7 iR, 2010 425 U HIZE, 2011 4= 5L F
PEMHUE 22 SITAEOEFAMECL NNy 7 TP 7 v a S X DA L X —
& RTRYIEOMEBEOEWR/RIN TS (Layetal., 2012), AR5 OFEH &8
B TH D, 72720 232 T2 L 91T, ABFZEITE LR LL T O THIE R O H
EZAIEFEL E LTSMGA ET A EMATEY, ERROX S 72k BEMEFHT KT
RN E SMGA ONLEDEWEMIANTZEETT IV E o> TRV, 20K H RER L HE
FOME L ERORBREHONCT D201, AT E Sato et al. (2005)72 E D %FEE
MO EIL 2 BIEFEIEZ VT, RERIBEI & A BEIR O 5 Ty 2 L—3y a U &R
L ENEEELE D, S%OMWEENMEMT TN D,

— T, BAEBAGHIZH 5 SMGAS IR E e R M oANIEICH H, 22T, HE
HIHUEEN %92 SMGAS OFEZHERT 5720, X 2-16 IZ SMGAS DA MEIZ L% K-NET
REZEE (KNGO003) & K-NETJI[[ (SITO11) OHEEB)DE A R~d, KNG003 [HE I/ &
F5 SMGA3 72 EDOEEN K EZ W2, SMGAS OFMEIC L 2 MBSO LITIZIZTE, —
J77C, SITO11 (X BN UTV Y SMGAS DT R X < | QMMSﬂﬁWﬁﬁ@mﬁﬁiﬁé%
B OHEENI S LT, H%lﬂ@QWWﬁﬂm_mé<ﬁé F72. SMGAS5 BENGE D
SITO11 DEFEIL 595 & 720 | ¥ 2-6 (2R LI ELOFEH « BAT(2002)D 5= O B 13 <
&50uhib\ﬁ«ms@me%&&%ﬁﬁﬁ®@@«®%@iméw@\HE%%ﬁ
FAEALH 2 EOBEEZHERETHOIIINELEZHND,
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252 AL OFEMER~ »

lzu&Izm%ﬁmmtﬁﬁﬂﬂu%fﬁkbtﬁﬁ% EE) AT 21X 2-17 1R T,
4 2-17 (@) TR EILEER IS T O 2O/ N T 2RO Th v | EER
LV LTI X DM RN B CTE D, =M TR K-NET BRI OV TIIREIT
ﬁLﬁé B & pSv DA D I/PNEROBFIZELL TV D, WH L b, EFOREEE
HUEE) L~V D> TRY . HAITTRE < ERITT/hEVy, HIE J-SHIS ORI X5y
f% S =AM | VR e & D — AL M 23 HRES 22 His L PRI K LK B HETTH D
A Z D SRS E AR (S S D, HOLEO A & AR O R E DEVIT O W T
EAT(2003) 23 F5 4 L 7 Hilg & gk EOBIR LI CH D, o, WHHREDOZENIBWHE
RO =, ROk TH Y | 23 KN TITHEE LUK E W,

X 2-17 (a\ T IR AR T 1920 4R RIERHMR OUEE#R  (https:/nlftp.mlit.go.jp/ksi/) T&
Do TAVE D MM O RREHIX IS 1923 4 T IIAFIE LW RIELIBE O NI TH v | BT
HILAS O Hide K 0 b HUEE) LV K & < ARFIERE R TIEEHIERE 6.0 (6 78) LA Lol
R, FEAHLEE BN /A0 OHEE OBR O A I, J-SHIS V4 (2 - #26f, 2020) Ol
X OfER S KBS T2 Veso ZHVTW AT, EREd X 5 Zpilfiic L 5 2EnENn T
Do

X 2-17 ()i, HAHERD 1 REA Y 1.2~2.0 WO S 2R LTS, &WT—#
XA R 2019 SRR (HUAUAD, 2019) 12355 < . @& 60 m %8 2 5 i e g it
FEWMOT—HThbH, @%@i%iﬁﬁk%éH&%ﬁ:m)ﬁ%%%miwlﬁﬂﬁﬁﬁ
T (BAZ :s) ROz, BARMICIIEREEDSLGIL T=0.03H, $Har 7 U — MEEiX
BeEdkiiar 7 ) — MEOLAIL T= mnH&Lto% ZH) L UL & OXf IR, TARERO
H (BB OB P Ko fUal, PERAE, SO, H X o rE sl pSv A3 100
em/s LLETHY, &2 lﬁﬂ%l%@@u®m5@%ﬂ%< ML TS, T
BRIX 1923 AR HRMIE & R CHUEDS HERA L2 A 0 U 27 BHERIICE WD & EE S
N5,
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253 2011 FFHACH G AP HIEE & o bk

RO D 1923 FFEARMBEO L I 2 L—3 9 URER L 2011 AL T SRR
BEOBNIGEE A LT 5, 803 2-17(@)2R L7z 3 SO K-NET B S Th D, #2212
R, XM 2-18 |Z pSv DR AR T, pSv IE, 1923 FRIHHIEIL 2-10 & [FEEDFEE)E,
2011 AEHAL T ACTERE R 1K 2 Ay 2 /R LT D,

1923 4EBI MR 13 2011 4F HALH 5 R EEE M IR I =T, TKY007 (K-NET #if5) 13E
FEM 0.6 K& <, pSv IZEAHIK 3 UL F TR 2~3 fEk &V, [ABRIC TKY028 (K-NET i
) IZEEFEN 0.8, pSv 25K 2~4 fi%, K-NET JI[IF(KNGOO1)XFELEZEM 1.0, pSv 23 2~
SEEDBNE RS TS, 1> T, FLEBIZIH N TE < DADMEER LT EE@E%& SO
FUTHART, HHEBIC R KR O EZ b7z b LB HEE T, B 1 Bk, IRE A
7 RIVDIKI 2~5 FERE BT/ % L BES LD,

2 OOMEIC L HHIEE L UL DENIZ DN T Xeg DN D HEEIT 5, 1923 LRI HIE &
2011 AEHALHT KELEHITE O Xog 13 TKY007 28 55km & 241 km, TKY028 %3 53km & 235
km, KNGOO1 7% 41 km & 251 km Th 2D, 7235, 2011 FFHALHG IR HIE (340 B IE D>
QOI)DELEA L N—V 3 URITIC K D Xeg TH D, 2 HIFE D KA L Xeg Tohoku/Xeq Kanto &
I % & TKY007 73 4.38, TKY028 73 4.43 KNGOO1 78 6.12 & 72 %, i #i5E D B D 7% (TKY007 :
0.6, TKYO008 : 0.8, KNGO001 : 1.0) & pSv @tk (TKY007 : 2~3, TKYO008 : 2~4, KNGO0O01 :
2~5) OKR/NE TKY007<TKY028 <<KNG001 TH V. EVER a3 E9 5, WIZ 3 H
R OZEIZOWTHE 2 D, 2011 FHHCHG AR T Xog DEV 3 HLET/hEWTe
O, 3 HUERIOHEE) L~ L OEIT A MEEICL 2D EEZHND,, —F, 1923 45
WHIEE D 3 MR OHEE) L)L DX Xeg DIEWVE T A NEHEONFIZEL Db D EZ XD
N5, EEAEBRFHZOWTIE, v/ =F a— ROBHEREOENOZELLETHY | 5
BOBE L LIz,
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F2-2 1923 FERARMIBEDAR S I 2 L—3 g UREHR & 2011 4 HUb 7 AR ph S O 8L

FLER DR E D Hig
TKYO007 TKY028 KNGO001
(K-NET Shinjuku) | (K-NET Etchujima) | (K-NET Kawasaki)
1923 Kanto
_ 5.4 5.9 6.1
(This study)
2011 Tohoku
_ 4.8 5.1 5.1
(Observation)
(@) (b) (c)
1923 Kanto sim. 1923 Kanto sim. —— 1923 Kanto sim.
—— 2011 Tohoku obs. NS —— 2011 Tohoku obs. NS —— 2011 Tohoku obs. NS
—— — 2011 Tohoku obs. EW —— — 2011 Tohoku obs. EW — 2011 Tohoku obs. EW
300. - 300. 300.
h=0.05 | h=0.05 | h=0.05 |
100. 100.
3 1o. 3 1o0. 3
& & &

10.05 0.1 ——5 -
Period(s)

TKYO007

-0 10.05 0.1

1.0 5.0

Period(s)
TKY028

10.05 0.1 10 5.0

Period(s)
KNGO001

[ 2-18 1923 FFARMBEDOA T I 2 L —3 3 U & 2011 AE LI KEPE M HIEE OB
HIFLER D pSv D FL#k
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254  BUETY O BBUE & IR R E)

AAFFRIL RN | s A OB E BT HBET — X ICE ST BRET VEME LT
N, T TIEZOET VI K 2 BAFOBLNIE O B2 iR L, BRI O K-NET £l
RS OISR HEERZ > I 2 Lb—a T 5,

B4 2-19 | ZfEpr i & LS 2 on 7, BIERE 7 VIZERB O LR CTHh 5 (3 2-1,
B 2-3), WrEmIZ/NEED 500 m A v a kb X oMaEIL, IRIPHEET LD T ¢
VL — R EEED S 1km EBUVMIEE 2D X HORE L, 30 s R IE T
e B R (Q000)& VY, T A X ¥ A AL Kobayashi and Koketsu (20052 k541 > /3 — 3 >
FEREBEIZ8s & LIz, TR0 A3 90° & Uiz, MilEE 7 VI HIEE A AR ZEHEHE AR (2012)
ZHEICE 1E (Vs=350m/s) OHRMMEL S 28 (Vs=500m/s) OfETERT 5, JEH
(B Q EDSRAMIL 2.5s &9 %, MTHEEIIK TR (4 NS J7H) 460
km, ELDJ1A 390km, RS FA 95km &5, T FIEIZAZ v H— K7 U » FE Wiz
220 4 YKEEE » RFfE] 2 RS BE 0 =kt 724015 (OKEF, 2004) TV | A& RIFREIZAKE 7253
200m, RS FENZOWTITIES Skm LLET200m, ZALIET400m 2 AV 5, HHHE
] % B < SRHTRESR DAL ESER 2 B NINC 20 7' v ROWIL Y — > 25 ET D, fENT O x5
AT 2~5s L5,

B 2-20 (A AEOREHIN S OBLIGI S & FHRER RO ik 2~ BURCE (BEHIZ),
1989; BWATIED, 1994, 1995; BAT - BF{E, 1996a) & L9 2 & AU, (U, & H CTEEalR
P, IR o0/ NTH o7,

BT DM TH D KNG003 DILHIEHIES 2 /A 7'V » RERRIEIC X 0 FEHET 5,
R MRS OF R W AR 7 L ORFEEIL Vs = 500 m/s O LFERIESRAY Th 5.
HAMHES &g 7Y v RART HICHI- 0 B2 Rz 52 L 2BEX LT, J-
SHIS V4 (Ffa « R[], 2020) @ Vszo 25 391 m/s & T 2R EAEF S (23T KNGO03 % %152 &
L7z, #EEMIIL3s & L, cosine®ED 7 4 W ZBEZANTAA T Y v REKR L=, X 2-

1 |12 KNG003 DA HIER O I 2 L— g VR ZRT, ZOERFRIMEO I 21—
va/ﬁ%%%“f\4$ THRBHED D 2 IRTTISEIRITIZ G- 2 5 5B 2 T+ 5,
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2-19  ZWRITZEMEIC K 2 B R R O fEATEEFH & SEAN S
A 1923 FERIHHIE O BRI TN & 5 4k s =B S
Vo R R A2 ST 5 K-NET HisS
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26 F&0

ARFFETIE, R ) — 2 BERIEIC K 0 1923 AEREHMIE O BHSE O RER L 2 2 L—
vavEITo T, BREERREOREOMOME O EBERSEZRWZEE A LRN—
3 UIRHTRERICE DS E NV TF T AR T 4 BT NVERE LT, (SRR FAE & HR B iR ks
PRIZT 0w 7 A =2 g RIS S A MRS ﬁﬁ%Lkﬁ%%%%$%
Az, MESHADOY I 2L —2a UERNL 7 U XU BT BE LINEAT b
IV OB ZATUN, FR 72 IR @Aﬁ%%mbtoﬁgntﬁ%%uT IE LD,

H

Vo lb—va URERITEE 6 R~7 OHLEBSHE M%@%@F%%ﬁ%u“ﬁﬁé

B 72 & REFRSERIZHE S fk%u¢5ﬁﬁk&otoﬁ%% (B

L7ofER. JE2 5 km AN O Wi OREE T 66%., WE D= :%#osumwmﬁ

LEHDEEARITNB%THY, BIFICHHETETNDZ k%ﬁnbto

BLLRBEINE AT A OSAAIE, JEH 1~2 B OR300 4 )1 R R o T HE SR C

200 c/s Z A A, BB T 100~200 cm/s, SMGA 7> 5 0Bt AL 7= 57 T I B

THI 50~100 c/s TH o7,

IR 3R 2382 T2 0D 2 B2 7 YRR DA A IR AT X SO s & A4 1 A THY 40 B TH D |

BIFOERBRR & FIE L72VRER & 7o T,

FEAR R D 0 AT | I HUR R R A SO U R 92 2 & T, BE &AM 1~2 BOISE AR

7 MVIFZ OHEORENST S BRI L7010 & 7e o7z, A 0.1~0.2 BPOIRE AR

7 MVIE, R E L TCRIEREEREO 03 M S D oA & 7r o 7z,

AWIEDOFRERINGLLT 3 DD 21T 272,

1) EBET—XIZHESEIHEE L SMGA [ZHFUEILT D SMGA Z#BR X P - HiHT —

ACHAS LS KRERT RO INLE LTz, — T, KERT RO 0N TAE
(28 % HT %%@SM@xiﬁfM%&k%ﬁ%ﬁ@%@m@%@iméwﬁ\
B ERSCH AL R e E OBRE 2 HELT 572030 ETH D,

2) B 23 KINOHIEES) L~ U364 75 1 e = AN @ AR, SN T E RN 23 K
&< UKILRBHET/INE W, HIFEE) L~UL N K& < OB S < A9 % Hiulil,
T2 5 1923 FREFIE & [ ¥ 4 T OMER A LIZEEOMEY X7 BRRE 0N
Hithl A feERs L7z,

3) B RHUEOBIMGESKE Ol E LT, $/\1v~v5/@%i2m1$$tm
F5IRPER R OER LI O BIRIFEER & LE N CTEESEER 1 Bk, & AT bL
PR 2~5 ERERHBEH THDH Z L AR LT,
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Atk DR & LT 1703 Aok HIES 1855 LB HIE /2 & 1923 AR HhE &
[FERIC BRI R E 2 5 x T B R OMBE I a L—ravrn’BExbhd, &
7= BEHHIERZ 35U CORHRIE O M EE B 23 BLI S A7 BRI IR, ARBR A MR IR SR I IERRIE O 5
BEBETHEHLABROMEE L TET LN,
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38 BAAOMEZRNRE LE-ACHAMUETILIZE 2ERROFE HETE

31 IL®»IZ

EFEWEIL, EOEmANIc wfﬁmw%fﬁh?iﬁ&® RRNT A —H P—ER T
< REE A H L5, EIRETE O REE M HE WL AL OfLE
BAMRIC L » THUEENI R E S LBy T 5, 1> T, HERBERHmIC %u\f%;h60)$i@’%ﬂ$%
NSRS 5 Z ENEETHD,

WA EE DM S A B & LT-BIRET MICHOWT, HACITHEFRN I HEE A 21X
U &9 5 MRS RO HEEEFEREIAS AN SN TV LR EERET VRS 5
()&jg —5,2001,2002; AF - 1, 2003; Irikura, 2007), FFHEALEEIRE T VL, EIRETE O

B - B A R B BRI E . W78 O RS ENE 2 R T R R IR 7 & A B IR LT EIR
ME%TwT%@\UﬁimJiSmmmmmaa%%_mxﬁé 2= D HTE DR
Y 55AiH> 5, Somerville et al. (1999)DHEIIZFES & HitH & 727 AU 7 ¢ OHEIFERFY)
TR & MEHREK O BIRAE AV TR S vz, FRELREIRE 7 LI, Bl oo Bl
RTAXRVT AWKV T A VI T4 ET 4NV ZRZHELYT WA v FR3H D
(Miyakoshi, etal., 2000), L2>L., FMEALEIRET MILL ISR THERH S, 1 DHIZT A
NRUT ANTHERDMATHDHZ EITEK LT, NMNENS KEZ AR T 2B w?2TT
WIRG 3 FT ML 2 2 & THEL DIRIBOE HIAAL (EFHE, 2004) . 2 DHIZT A~
T LW RERR EOT R ORNEFAMICER L TEL D AN TR LA (AH, 2002),
3OBITEBRORHEFIIEZZBTHBOT A2 T 4 OMESCHEEK R EORENTH 5,

—J7, BIRWEOEMSICET 2 R 5T T a—F L LT, EMBNCAREIE 2oy & 18
fEICTET L LIZH CARELET V35 5 (Hanks, 1979) . H CABLLE T /M X AW g4~
O OARBVEMEIL, Bk ICKT D AT ML OEEEOEIED Uk TRET S E Lz e
O n \ZHOWTHEBOERNH S (il 21X Hanks, 1979; Frankel, 1991; Andrews, 1980,
1981; Herrero and Bernard, 1994; Lomnitz-Adler and Lemuz-Diaz, 1989) , % @ 9 & Andrews (1980,
1981)X° Herrero and Bernard (1994)1%, 9~V 4347 3 k-square” &7 /L (FHAEIR T E DR
MBS k2 CHOE T DET V) Lieh L&, MEHO SKOMN o-square E7/V LD T L%

*%ki@ﬁﬁV‘;VHVa/&i@TLTwéo&ﬁX“ﬁFW%mMTﬁ$%ﬁ
YA ZXDZHNORER S, 7T ANY T ¢ L RER & 2RI T VW E CFEEE
T, BRI EERIRE T LB OIRIE D % HIALRL N L 72OV A 7p & OFREEE A [A]
WTX5,

FHBEOT Y AR OARLEM L, Somerville et al. (1999)<°> Mai and Beroza (2002){1Z L ¥
SR OHBOT XY SHOET AN LFHME STV 5, Somerville et al. (1999)i, PN
ENHUE 2 5512, IBEDOHED T AADEIA T bAdb a—F— 27l L.
HBEHSK A BRI L TR Y . OB EREM OREEIT 12 THEE L TVWD, Mai and
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Beroza (2002)1%, VESIHE & NEEHIRN IR &2 H50C, 3R ~2 R L% von Karman %!
O H BB TET /L L TV 5, Somerville et al. (1999) & [FARIZ =2 —F— i E D% T
& B AR B FEEE O HIEE BB T 2 BRET L 7272100 T <L EOREICxHET 5 — A Ma
BHHEE LT,

FHE D O RN S V7= AREE M, Graves and Pitarka (2010)(2 & 0 HiEEEREAM 2 2B < 4.
SCEC BBP 72 & CHEFR OB O HE THEES TV 5 (B 21X Goulet et al., 2015), #ZED
MBI K HMGETZ T T <, MEHEO FRICKT 2 A BT L OIEHAFIEL RSN

T 5, THRIOEIL, BEOHEDOREZE KM U7 A7 s L CEE O ELEN A
w5252 kf‘@ﬁ@?«@ MPMERTE D, 7T AN T ¢ ONLESCEEL R & 225
252 LR BHEOVFT I AERETH I ENTE, WEmIN MRS ~DRMH b &
GLEZBND,

L2>L. Somerville et al. (1999) & Mai and Beroza (2002)DFHIC W HILiz HARD T — 4
I3, 1923 FERHHIER . 1995 LR IRFEETHIGE . 1996 4F H i 2 HIFR D o770 4 HiE LD
0, o, BARIZEBWT S B EAEIE T V2 T2l 2 0 HEE O REECARE HLE o HiE
Tilll7e & ORA B THOILTN D (B 21X H, 2005; Sekiguchi et al., 2008; Iwaki et al., 2016) ,
LirL. T DIFHMZR k-square E7 /L2 5UE L72 D=2, Mai and Beroza (2002) D BE{#
IZEESNWTEY . BARDOIEEDHE DR Z 43Ik LT 2 DI DV TUIIRREDS 222
Th b,

Z 2 TH 3 ETIE, 280 A AROHEZ X GUIERETE O3 <0 52 INE L, B O
ETCE D TR OREEMEZ TN 5, 30 5460 2 WOt AR bvEzR, 7
Y OARYEM: % von Karman 0 F CFHBIBIEL O FHBAFEBES ~— X MEHUZ L W =T 11k
T2, FET ML LTERT A—21%, 2R A5 L UTBEER & i35 & Jhic ) sk
@ PECHIEE X A FIC L DB W E AT 5, 612, 2o CAHBEBEE DN T A —%

BRI EOMEBEMNCEG 2 5882V I 2 L— 3 L VR T D,
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3.2 FRAMhAEEE

AREVENEDOFEMIEL Mai and Beroza (2002) & [RIERIZ, X0 OZE[/] /54 2 B CAEBIBIS T
TIETDHZ EICEVRD D, RKFHEEO 7 v —%[X 3-1 12737, (ZUHIZ, EREEOTX
DR LT 27— U 2 BHAATV, 2 RGCEBART M aRD D, 2k, 7—V
TEEAT O & B OWRNE EMFERE LN D, T2 TIHIREDOAZXGR E L TEDA
R MV EEIANRT FVERES, RIT, 2 RTGEARZ RV L T, 77Uy R—F
{2 &Y von Karman B B CFHBIRIEUC 31T 2 FHEAEEEfads LUV N— A MEBHEHEET 5,

von Karman 40 B CAHBIBIEU L, A EGEE T OIRIE A X7 FVAKR) PR TR END,

1/2
a,a
A(kx, ky) = % (31)
(1+K?)
ZZliZ
K? = a, %k’ + a,%k,” (3.2)

THY, kyLkTTNENERTT R ARG ORI, a, & a,iTZ L IERIT &R
Fm OB, HiZ— MeTh 5, G.DITRT L DI, R TIRE?S —E
AR CHRIE DS BORE 3 D B AT MLz, HHBIIRBELE D8R & 72 DB D%k

(=), N—A MEEIZEEEROBEDORE S 2RT,

von Karman #d B AR D /X T A — & & 2 Gt D22 7548 DR O BARHI & LT,
ay & a, & HEE 2 TG OS2 X 3-2 1R, K32 0O0ZEM s (7 F) oxtL
T, @lFayba,z 145 LTIE5E (B @FHEZ 1RUTESE (), @lday La,z 1/4
% LHZ 1 W U75E BT 22757, 4 DOZEMSAOMMAIETHLETHD, DIV
FHBIEEREDS NS VWOIL, A DY A APRDQ LV /NS DR TE D, £lo, OEY A
—Z MEEDV/ NS0, OL Y /NS WH A XD A TR STV D, AT ML
IE, @~@IFN TN bOL Y mEHOEIENRKE VD, 2D X512, MBS/ SV, £72
F = MEED NS WD ZEM T AT N A OEIG NN L DR TE 5,

BARM 725851 & L T, Kobayashi and Koketsu (2005)(Z & % 1923 4EBIHHIED =V 4y
i L BHAANT PV I3RS, [ 33@ITRT S0 A, WiER S 130km &I
18 70km OWIRGFICK LT, L2 10 5L 7 5F SRS 13km, 18 Tkm O/MTE
THE STV D,

33ONEBEL O (ky ky) = (0,0)) DIRIEZ 1 1ZHHE(L LTz 2 WITIE R A< P AR
T 2UTET — U = A HE T BB, R ST LIRS NSO RS 2 ORFI
B LI 0T — X A T2e ZOFT VDT A F AW, /NE A X5 05
[, A TEREI 0.04, 0.05 (BALIX Vkm) Th D,
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3-3(c)id 2 IRICEEL AT R TR Dk, = 00DF Sy Dk, 51 (Along-Strike) DA
T RV ky = 0DFS5r Dk, F 1 (Downdip) DA R, KR (ky, ky) = (0,055
[ R DW IR D AT S IAEZ ) LT M8 A (Circular Average) DIEELA T NV %7
ER 33N AT bADG 7Y v R —F 2 X Y HEE L 72 von Karman D H
FABEREE b R OR LTV 5, HEEICBWTIE, X UDICHE S A ORI AT b ISk L
THIBEERa, & ~— A MEEHEZRD WRIT, ky = 0DEMITIA &k, = 0DERL T 1) D HHE
AR bz LTl MEH R CHEE L7cH CREE L BT 22 HBEiERfa,
La, BHEET D,

64



Fault Slip

2D Fourier Transform

2D Wavenumber Spectra

Hurst Exponent H
and Correlation Length a
of von Karman Autocorrelation Function
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33 MiEI~Xvor—Fty

mﬁﬁ%kbtm EZDOTRYFAADOBMAE F 3-1 1T, JRIT 1923 05 2016 4
CHARTHRELEZHETSH Y, SRCMOD (Mai and Thingbaijam, 2014, http://equake-
rc.1nfo/srcmod/)7f)>%/.&F'ﬁEJ SNTWDLTRYGAAOT —H 2R LT, 2 IRGEOZEM 54 2 ]
I LMD, TROGAAIE 1 B AL FOBRTHREINDET LV EXG L Lz, SRCMOD
— B R 2T, BEOT T A MRHEOWE e L 3 RITH e IR A B L
BETNLHHY, ZOLI RMEET VOREENEZFMMT L2 b EEEZEZOND, L
U, ZOXDRWEET VNG 2 WOTHEHA Y MVEGHRT 2 7290120%, 3 IRotHIZED
B INTEEOWEE 7 A M 1| DOVEICEMT2LERH Y | o RKRE W7 A
¥ NIWTEE T L ORMFERIRRARN T LE D BlxIE, Bth L2 20% 7 2 v MIE
WML LTHbND), foT. AIETIZ1I B AL b@LﬁE{—wI/%ﬁ%k L. ks
A M)Lﬁ)%{—wvm&b\ FABROBELE T 5, o, WERZHERT DA v 280Dk
« Wil T & DA RN R EEIPHAR 22 0 | E LT AEBIRRRES N — A MEEARE B 72
w%/\b%éf:&)\ ZITIEWRBEO A v v 2 FsEmG AL 6 Lk, R AIE 4 DLk
DETNE G E L. (EOT OB 0 DT - FlIEI T kL),
PLEDRIMFIZEOVINE LT —% Y NI 38 #HIED 61 ET LV THDH, HEXA TIIN
Pz MR PN HIEEAS 23 IS, 7 L— MEHIED 13 B, 7 L— FNHER 2 B TH Y | WilE
S A TIIRET UM E S 17 #FE, W 2% 20 HIEE, EWRrEN 1 ETH D, £BETLOE—
Ay "= T =F a— RMy D#iFAIL 4.11~9.12 TH 5, Maiand Beroza (2002)D7 — ¥ & » k
IR OHELE MR E L- 24 5B, 44 ET L TH Y | RFFROXIGULHAROHED T
23 O¥LE Mai and Beroza (2002) D4 1.6 i ToH 5,
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# 3-1

FEAT RIS DO HE & Z DO+ 454 OB

No Date Region M; Type FM L [km] W[km] M, M,[Nm] Reference
1 1923.09.01 Kanto 7.9 Inter RV 130 70 7.95 9.33E+20 Wald and Somerville (1995)
2 130 70 8.08 1.46E+21 Kobayashi and Koketsu (2005)
3 1944.12.07 Tonankai 7.9 Inter RV 315 180 8.10 2.00E+21 Tanioka and Satake (2001)
4 140 80 7.99 1.08E+21 Kikuchi et al. (2003)
5 220 140 8.04 1.31E+21 Ichinose et al. (2003)
6 1945.01.13 Mikawa 6.8 Crustal RV 25 15 6.67 1.13E+19 Kikuchi et al. (2003)
7 1946.12.21 Nankai 8.0 Inter RV 360 180 8.40 4.51E+21 Tanioka and Satake (2001)
8 360 180 8.30 4.00E+21 Kato and Ando (1997)
9 360 180 8.40 4.90E+21 Baba et al. (2002)
10 1968.04.01 Hyuga-nada 7.5 Inter RV 72 63 7.53 2.22E+20 Yagi et al. (1998)
11  1968.05.16 Tokachi-oki 7.9 Inter RV 240 120 8.35 3.76E+21 Nagai et al. (2001)
12 1978.06.12 Miyagi-oki 7.4 Inter RV 80 70 7.61 2.91E+20 Yamanaka and Kikuchi (2004)
13 1980.06.29  lzu-hanto-toho-oki 6.7 Crustal SS 20 12 6.61 9.14E+18 Takeo (1988)
14 1994.12.28 Sanriku-oki 7.6 Inter RV 110 140 7.70  3.99E+20 Nagai et al. (2001)
15 1995.01.17 Kobe 7.3 Crustal SS 50 20 6.89 2.44E+19 Ide et al. (1996)
16 52 20 6.80 1.76E+19 Cho and Nakanishi (2000)
17  1996.10.19 Hyuga-nadal 6.9 Inter RV 32 32 6.81 1.84E+19 Yagi et al. (1999)
18 1996.12.03 Hyuga-nada2 6.7 Inter RV 29 29 6.68 1.19E+19 Yagi et al. (1999)
19 1997.03.26 Kagoshima 6.6 Crustal SS 15 10 6.10 1.50E+18 Horikawa (2001)
20 18 12 6.04 1.28E+18 Miyakoshi et al. (2000)
21 1997.06.25 Yamaguchi 6.6 Crustal SS 16 14 5.82 6.05E+17 Miyakoshi et al. (2000)
22 16 12 5.81 5.86E+17 Ide (1999)
23 1998.08.12 Hida Swarm EV05 5.0 Crustal SS 4 4 454 7.23E+15 Ide (2001)
24 1998.08.14 Hida Swarm EVO7 4.7 Crustal SS 3 3 441 4.67E+15 Ide (2001)
25 1998.08.16 Hida Swarm EV08 4.4 Crustal SS 3 4 4.11 1.63E+15 Ide (2001)
26 1998.08.16 Hida Swarm EV09 5.6 Crustal SS 4 3 5.13 5.66E+16 Ide (2001)
27 1998.08.17 Hida Swarm EV10 4.7 Crustal SS 2 2 4.45 539E+15 Ide (2001)
28 1998.08.22 Hida Swarm EV11 4.6 Crustal SS 3 3 4.33 3.56E+15 Ide (2001)
29  1998.09.03 lwate 6.2 Crustal RV 10 10 6.30 3.20E+18 Nakahara et al. (2002)
30 12 12 6.27 2.82E+18 Miyakoshi et al. (2000)
31 1998.09.18 Hida Swarm EV16 4.8 Crustal SS 3 3 441 4.63E+15 Ide (2001)
32 2000.10.06 Western Tottori 7.3 Crustal SS 33 21 6.86 2.16E+19 lwata et al. (2000)
33 38 18 6.60 1.70E+19 Piatanesi et al. (2007)
34 2001.03.24 Geiyo 6.7 Intra RV 30 21 6.79 1.73E+19 Sekiguchi and Iwata (2001)
35 2003.07.26 Northern Miyagi 6.4 Crustal SS 12 10 6.08 1.48E+18 Miura et al. (2004)
36 2003.09.26 Tokachi-oki 8.0 Inter RV 120 80 8.03 1.25E+21 Yamanaka and Kikuchi (2003)
37 130 170 8.16 1.92E+21 Yagi (2004)
38 120 100 8.21 2.36E+21 Koketsu et al. (2004)
39 2004.10.23 Chuetsu 6.8 Crustal RV 28 18 6.62 1.07E+19 Asano and Iwata (2009)
40 2005.03.20 Fukuoka 7.0 Crustal SS 26 18 6.64 1.15E+19 Asano and lwata (2006)
41 2005.04.20 Fukuoka 5.8 Crustal SS 8 8 5.57 2.81E+17 Asano and lwata (2006)
42 2005.08.16 Miyagi-oki 7.2 Inter RV 112 72 7.50 2.00E+20 Shao and Ji (UCSB; Honshu 2005)
43 2007.03.25 Noto Hanto 6.9 Crustal RV 30 16 6.73 1.57E+19 Asano and lwata (2011)
44 2007.07.16 Chuetsu-oki 6.8 Crustal RV 37 30 6.60 1.60E+19 Cirella et al. (2008)
45 2008.06.14 Iwate-Miyagi Nairiku 7.2 Crustal RV 38 18 6.89 2.76E+19 Asano and Iwata (2011b)
46 42 22 6.80 1.78E+19 Hayes and Ji (Honshu 2008)
47 43 17 7.00 3.65E+19 Cultrera et al. (2013)
48 2010.12.22 Chichijima 7.8 Intra NM 110 42 7.40 1.41E+20 Hayes (NEIC; Bonin Islands 2010)
49  2011.03.09 Miyagi-oki 7.3 Inter RV 126 126 7.30 1.00E+20 Hayes (NEIC; Offshore Honshu 2011)
50 2011.03.11 Tohoku-oki 9.0 Inter RV 445 240 9.00 3.55E+22 Ide etal. (2011)
51 525 240 9.00 3.55E+22 Wi and Sladen (Caltech; Tohoku2011)
52 500 200 9.11 5.75E+22 Yagi and Fukahata (2011)
53 625 280 9.12 6.00E+22 Wei et al. (Caltech: Tohoku 2011)
54 525 260 9.09 5.50E+22 Wei et al. (2012)
55 475 200 9.10 5.01E+22 Shao etal. (2011)
56 600 210 9.00 3.90E+22 Ammon etal. (2011)
57 625 260 9.05 4.22E+22 Hayes (USGS; Tohoku 2011)
58 380 200 9.00 3.55E+22 Lay etal. (2011)
59 340 200 9.00 3.55E+22 Yamazaki et al. (2011)
60 2016.04.14 Kumamoto 6.5 Crustal SS 14 13 6.14 2.04E+18 Asano and Iwata (2016)
61 2016.04.16 Kumamoto 7.3 Crustal SS 56 20 7.10 5.12E+19 Yagi et al. (2016)
FM: Faule Mechanism, SS: Strike Slip, RV: Reverse Slip, NM: Normal Slip, Inter: Interplate, Intra: Intraplate
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3.4 REJEMEORAMhRE R
341 PEAT P& HCHERERDET ML

EETNOERITE, ERTR, FHEGROEEART bV EM 3-4108T, HBET LD
My TEET TORL TV D, HRIE—E OARBEEUR & I8 AT 5 Sl ot & 7e %
a—F— sk (FABIREEED ) 1ZMy 28 K& DRI IS, /N S WERE IR 72 D My K17
PERROND, Fiz, EEEUIORIEOWREOFRE () X, Myll L5 RE &N
LIV, TS DI AR N V% 3.2 Hillox L7254 7T von Karman o> H EAHEIRES %X
TET AL L, #E LI2KET VO —A MEEH & JE ST, &7, R m o R
Hfa,. ay. ay&FE 3217 F, £ 32 IHEFTNO/NEIEDR SD, LIEDy,. £iHH )
5RO BLD AT LR OF A ¥ A M EH Ky, &y, BOFETRL TV D,

HEMyDBRZK 3-512, F£72ay. a, & MyDBIRER 3-6 IZ7"T, W bHIESY A7
Lo Ty F2EZTEY ., FET ML DMEE X, A UHEICK L TEEET VRS
HEAIFFEN SOV E D, A, OTRLTWD, T, AP E L CTERM Lz
JHI & BRI L5 AR LCnd, 2ok, BEFEMFFED X Mai and Beroza (2002) % 2
L C/—A MEESCH BB O X A4 50# L TV % Graves and Pitarka (2010)% 51 95,

H. ay. a,OMy & OFRRMEZ BRFT 572010 MwZSZEE L LRI ST 21T - 72,
R AREL, FEBIMREIS K ONERERAE D TSR (RMS Error) %3 3-3 1T-d, [H)RF
IZBWTIE, RUHECTEEOETARS L D1T 1 HETEAN 1 L2 LH5KET L
DEAEEFE L THW-, 2 TOT—2%HWi=8E (Al), WNEEHENHE (Crustal)
&7 L — MM (Interplate) DOHIFE X A T3 7236, WHEHIERNHIEE D 5 HRET Ll
J& (Crustal SS) & Wil (Crustal RV) DOWifg % A 72310 7o G EI1T OV T, My CIELRRIEN
#ZATo7c, 7L— FNHIE (Intraplate) (37— % 723 2 MR DT 2 72 Al /3 Hr DRETH*<E
G L LT,
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#* 32 H—A MEKH EHREERa,. a, OHEERIR K

No. D;[km] Dylkm] Kk J1/km] Kk, [1/km] H a,Jkm]  a,/[km] afkm]
1 13.00 10.00 0.038 0.050 0.38 337.6 175.8 235.0
2 13.00 10.00 0.038 0.050 0.55 241.6 144.6 222.3
3 45.00 45.00 0.011 0.011 0.33 440.6 535.5 416.7
4 20.00 20.00 0.025 0.025 1.90 136.3 112.2 140.2
5 20.00 20.00 0.025 0.025 0.55 404.1 289.3 451.8
6 5.00 5.00 0.100 0.100 1.55 25.8 27.3 25.8
7 45.00 45.00 0.011 0.011 -0.03  1045.0 416.7 769.3
8 60.00 60.00 0.008 0.008 0.40 844.0 555.6 511.1
9 45.00 45.00 0.011 0.011 -0.05  1169.0 383.3 727.6
10 9.00 9.00 0.056 0.056 0.45 172.0 197.7 158.2
11 20.00 20.00 0.025 0.025 0.53 393.0 244.7 341.9
12 10.00 10.00 0.050 0.050 0.93 122.4 115.7 136.8
13 4.00 3.00 0.125 0.167 0.15 64.7 31.1 43.8
14 10.00 10.00 0.050 0.050 1.20 129.4 109.5 136.8
15 0.50 0.50 1.000 1.000 1.00 63.6 14.5 65.4
16 4.00 5.00 0.125 0.100 0.10 126.2 43.8 78.4
17 2.92 2.92 0.171 0.171 0.73 44.7 54.3 55.8
18 2.92 2.92 0.171 0.171 0.45 64.2 89.6 80.2
19 1.00 1.00 0.500 0.500 1.68 145 10.1 17.1
20 2.00 2.00 0.250 0.250 0.63 23.8 40.4 26.6
21 2.00 2.00 0.250 0.250 1.00 12.9 17.0 15.2
22 1.00 1.00 0.500 0.500 0.65 23.9 30.7 24.6
23 0.25 0.25 2.000 2.000 0.65 5.6 4.9 7.7
24 0.12 0.12 4.167 4.167 0.70 5.4 4.9 7.2
25 0.12 0.12 4.167 4.167 0.33 5.8 9.2 8.0
26 0.15 0.15 3.333 3.333 1.60 2.9 2.4 3.6
27 0.10 0.10 5.000 5.000 1.50 15 2.5 2.1
28 0.12 0.12 4.167 4.167 0.63 5.3 5.8 6.8
29 1.00 1.00 0.500 0.500 1.68 15.7 6.1 11.6
30 2.00 2.00 0.250 0.250 0.50 20.7 18.5 16.1
31 0.12 0.12 4.167 4.167 0.70 4.1 3.9 5.4
32 3.00 3.00 0.167 0.167 0.58 89.5 36.7 49.9
33 2.00 2.00 0.250 0.250 1.05 42.7 18.5 42.7
34 3.00 3.00 0.167 0.167 0.00 105.8 43.4 100.1
35 1.20 1.20 0.417 0.417 1.18 8.6 1.1 12.4
36 10.00 10.00 0.050 0.050 1.10 136.8 119.0 136.8
37 10.00 10.00 0.050 0.050 0.80 207.8 213.6 232.3
38 10.00 10.00 0.050 0.050 1.00 152.9 144.6 213.6
39 2.00 2.00 0.250 0.250 0.25 74.6 63.1 72.6
40 2.00 2.00 0.250 0.250 0.35 50.5 38.2 51.9
41 1.00 1.00 0.500 0.500 0.10 20.2 21.4 25.3
42 8.00 8.00 0.063 0.063 3.95 40.1 28.7 38.0
43 2.00 2.00 0.250 0.250 0.45 51.9 36.2 50.5
44 1.75 1.75 0.286 0.286 1.63 26.0 15.3 20.3
45 2.00 2.00 0.250 0.250 0.70 50.5 315 46.5
46 3.00 2.00 0.167 0.250 1.05 42.2 20.1 33.8
47 1.58 1.58 0.317 0.317 1.20 30.2 16.4 31.9
48 5.00 3.50 0.100 0.143 1.03 85.5 38.3 68.4
49 9.00 9.00 0.056 0.056 1.75 90.6 725 93.2
50 5.00 4.90 0.100 0.102 1.55 283.3 146.3 344.3
51 25.00 20.00 0.020 0.025 1.20 788.9 273.6 505.1
52 20.00 20.00 0.025 0.025 0.98 705.5 218.9 477.6
53 25.00 20.00 0.020 0.025 1.35 613.9 251.6 505.1
54  25.00 20.00 0.020 0.025 1.53 415.6 207.0 351.6
55 25.00 20.00 0.020 0.025 2.05 342.0 140.2 251.7
56 15.00 15.00 0.033 0.033 1.33 500.5 242.5 460.4
57 25.00 20.00 0.020 0.025 0.83 631.3 305.8 534.1
58 20.00 20.00 0.025 0.025 0.75 631.1 180.1 505.0
59 20.00 20.00 0.025 0.025 0.73 613.8 161.1 439.3
60 1.00 1.00 0.500 0.500 0.43 31.6 24.6 35.3
61 2.00 2.00 0.250 0.250 1.18 78.9 18.0 50.5

D, : Subfault Length, Dyy: Subfault Width
Kknx: Nyquist Wavenumber of Along Strilke, k,,: Nyquist Wavenumber of Down Dip
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Hurst Exponent H
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Correlation Length a (km)
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# 33 Myait AL L& T DK /NT A —F DORIFHRE

Slope Intercept  Correlation
Case bp c P Cofficient RMS Error
Hurst Exponent H=bM,+c All 0.06 0.51 0.10 0.68
(Circular Average: H) Crustal 0.02 0.69 0.04 0.46
Crustal SS -0.03 0.93 -0.08 0.43
Crustal RV -0.39 3.57 -0.14 0.51
Interplate -0.17 2.34 -0.11 0.93
Correlation Distance log(ay)=bM ,+c All 0.49 -1.60 0.94 0.22
(Along Strike: a,) Crustal 0.46 -1.44 0.90 0.22
Crustal SS 0.48 -1.55 0.90 0.23
Crustal RV 0.63 -2.62 0.56 0.17
Interplate 0.54 -2.00 0.85 0.21
log(a,)=0.5M,+C All 0.50 -1.66 0.22
(Slope Fix) Crustal 0.50 -1.67 0.22
Interplate 0.50 -1.66 0.22
Correlation Distance log(ay)=bM ,+c All 0.42 -1.23 0.90 0.25
(Down Dip: a,) Crustal 0.32 -0.72 0.81 0.23
Crustal SS 0.32 -0.70 0.81 0.23
Crustal RV 0.65 -2.94 0.48 0.22
Interplate 0.33 -0.44 0.67 0.23
log(a,)=0.5M,+c All 0.50 -1.79 0.27
(Slope Fix) Crustal 0.50 -1.78 0.29
Interplate 0.50 -1.77 0.25
log(a,)=0.5M,+¢ (M, <= My,c) Crustal 0.50 -1.67 0.25
0.5Myctc (My, > My,) (M,c=6.3)
(Bi-linear, Slope Fix) Interplate 0.50 -1.74 0.22
(My,c=8.4)

74



342 N—ANEHH

%, X 3-5 2B MwlZRH DRI/ NS < T RIEOMME & 725 T D, No.42 D/N—2A
MEEUE 3.95 THOMOET NV EIIRES B D03, @EEIRNTA T TV D RFTH) 78 A
7 VOB DEE 2T TN D, £ 33 IRTEYRSHTORRIL, All O — A IZBWTHE
BAEREIE 0.10, fHZ b 13 0.06 LMK, Myl 2HBINMEIZIEF T/ SV, HIER S 1 7 0Wr
J& 2 A 7 %5 A B ARBREIE-0.14~0.04 TH Y . My 2532 FERIM:AME Ve 1) 1 X [7]
CThoD, LTEN-T, T2 TIEHOMWIZRF 2MBAMEIEE 277, HOHP A A 74 L 7=,
HOFIEIT 2R T 0.77 Th D, HEX A 72X DHOE T, Intraplate O FHAEAY 0.93
TH V., Crustal DFRAEL0.70 LD HORKENBZDOEIT/NEI Y,

REVE 72T R0 ORI T D DORLEIZ OV TIX, Z DI T & 0T
BEOBRN® S, HEOHCHEIET ML DT 7 a—F &4k 7 Hanks (1979)1%, Wi)E
OO SANL VS IS8 T A 1k & 1555 L T %, Andrews (1981) & Frankel (1991),
Herrero and Bernard (1994)i%, 3V 5341 1/k* (k-square €7 V), &I NoAmIL 1k & 48
FLTBY, ZOLEOVESIBETRIIYA X (w7 =F 22— F) IZEKFELZRNE LT
%, Lomnitz-Adler and Lemus-Diaz (1989) (%, ‘P T X0 &RV A XKFL7enE LTk
D, ZIUTT RO SAN VKIS T 5 & STV 5 (Herrero and Bernard, 1994) . A#JE M
L HEE) ORI & OBLED BIE, k-square BTV ERET 5D LiHOHER D S I OMEN o
-square £72% Z &%, Andrews (1980, 1981)IZEEF#HAYIZ, Herrero and Bernard (1994) X5 fi%
MR LT 5, Z3uZxF L Mai and Beroza (2002)i1%., A O EDOHE DTV /54F
DHDOHYAEZE 0.75 L HEE L. 24T k-square &7 /VICKIGET DH=1{ZHWE R LTV,

AWFFEOHIE Mw KRR O 2O RN 0.77 L7225 &5 #5RIX, Mai and
Beroza (2002)IZ X 2H=0.75 &iT\ , ZiLE, HAROHEO LR eH & 2R OREIZ X
5$ﬁ%@H@éwi¢ém:k%?waé AR WSS TS Uk, 330 %)
VRIS T HDH=11Z1E< | k-square BT V& XFFT DR &7 >7-, 7. Mai and
Beroza (2002)23%}5 & L7}V 5547 D 5 B/ O /N g H 4 XX 0.6km (The 1991 Sierra
Madre earthquake, My, 5.51) TH V. KV FGE OB EEBO AN EIEOF AT ZFRE & L
Tz, ZRUTxE L, AR D i/ D /Mg A X173 0.1km (The 1998 Hida Swarm earthquake,
My 4.45) ThHYH, KVRGELZ D TEERBETEZRELTH, EHRAT Lo
OREIIMA—ETH DI ENPERTX D,
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3.4.3 HHEHHEEE a

ald. X 3-6 2> 5MwlZxt 3 2GR CTH 5, £ 3-3 [T All O — A DR
b 094 THY , MylZkI T 2HBIMENIEF ICE N Z L BHERTE D, HEX A T 52517
BA Iz oW Th, MHBEFREIT Crustal 23 0.90, Interplate 73 0.85 TMw (2% 3 2 FHBIMED @V
ERNZFE CCTH Y | BRI OZEENT/ NSV, E£72, Crustal (IZxF L TWig % A 7% 5317725
AT DWW T, Crustal SS 13 Crustal & #f2afF] UlnlJmtREk & tHBMREZ 7R 9773, Crustal RV |34
Frc 23 Crustal X0 1 FE/NZWVFERE > T D, ABFSEIZEVTIE Crustal SS (2T
Crustal RV OF —Z it 6 iz L D7 < MyD#EPHY 6.3~6.9 LW, iE-> T, Wigx A
T OB L AR ESEECE DI ET 0T —FETIERWARER DY, SH%OT —
ZDOEBPLEEND,

ay |3, ¥ 3-6 T Crustal & Interplate 24317 TR L TED . WTFNBMyKFEER RO S,
F33IRT AN D7 —ZDBRENT0.90 TH Y a, & FIERIC My 253 2 FEREMES B,
LU, ay & FETHBIREC L & b I3/ E < RMS Error AR XV, F72D B My l2 %3
LB EITa, L VIR T ERREVHRICH D, Fo, #HIEX A 7% 531F 72 Crustal &
Interplate @Eld%ﬁci\ axODJ: T A EIZIER U T2 <, All & T E b /N E < Y)
B e AR E VTN

32 Eﬂ@nﬂiﬂiﬁ%g IR Lf_cl: I\, FHEAREBEIXZE MM ORE S LBl 53T A—2 T
%%, Somerville et al. (1999)X> Mai and Beroza (2002)% . FABAREEEILZ T AU 7 4 DR E &
OB EFALT D Z L 2R LT D, a lIWTER ST510), a (IBTEIE TR O 5O RE S &
KB %, ayPla, K0 BEE b VNS IELDENRELRDEREE LT, Mwllxtd 2 M7
JEME DERFT BB A B D, K 3-7 (RTINS % A 5 m OB RO fra, /a,
I%. Crustal TlIMy 6 FREEZBEIZ, Interplate (IMyy 8 FREAEICENLL T Cidaal, i
EIF1 KO REL< Lo TWD, v 7 =F 2a— RAWVNSWHEIFATIE, WER L &g w
T 11 ORERGZRPOEINT 5, WHAEREROE S qﬂ”é &L LML, wifa
d 2%, ZOBRMETLE WOWBNELT D720, /IR & RHEDN IR (&R L E5 L
FRED) ThH 2 &\ B CARRIOBRD A D, AHBARREIC S 2D & 5 foﬁ%‘:@(i))i@ﬂ\ a, 1T My,
IR E K RDITHONTHIHET 2 D% L. a,ld Crustal & Interplate Z L ENEFTH & 72> T
WDTZW, ay/a, DI EREOMEAARNL TN D

Z ZTARBIFETIE, aylZ DWW THIER Z A 7 Z L ITMyw T3 28T b 2 B L7 2 friufi
DEYFRZ T L7z, BRI, & 3-3 IR T My bk B3 —7E & 725 2 Hrivii o EYRR &
T 5, 72, loga, DMWIZxHT HHE b BNFIE 0.5, Tobba, NHIEE—A L FM®D 1/3
FICHBIT D E 0D Z L WBEREIBAMD 173 FlZHITDH 2 L 2T, 27—V 7H|
EEETDLL \MwﬁvJ\ WEITH CIEBTBIRIC OV T HM D 13 RICHHITE B2 LD,
L7eRo> T, BITHT DMy LV /NS WEIFATIE b % 0.5 ICEE Lo, ZDFE, apll >0 T
b b % 0.5 THEE LAERYR L BT, ay/ay?y 1 UL RDFREMAZ G272, Zhid
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—MRENCHTE R SDBIBIR L D S RENZ EEBE LT, Mycx Crustal TiE 5.8~7.0,
Interplate Tl 7.8~9.0 T 0.1 XA Z & IZZ{LSETREYFAITVY, RMS Error 235 & /M S0
MycDFERZHH Uz, fi%E L TMyclE Crustal 238 6.3, Interplate 23 8.4 & 72 >7=, LLEIZ
FVHEE LTca, 6 £ Cay, E My DBIRFRIIRATH D | X 3-6 I2HE TR,
A M JH (Along-strike):
loga, = 0.5M,, — 1.7. (3.3)

BRI M (Down-dip):
loga, = 0.5M,, — 1.7 (M,, < M,,.)
=0.5M,,,—-1.7 (M,, > M,,.)
wc w wc (34)
Crustal earthquakes: M,,. = 6.3,

Interplate earthquake: M,,. = 8.4.

a FHIFRSY A T X O FIRE—ER L 22> TEY | ay lTFTH LW My OFIFHIZ IS N T
TFFE—EHRE 2o TN D,

A58 & Mai and Beroza (2002) DFHBIEREZ LG 35, EMF RO a [TV TII M 133
BHTHY, AARLMROMEE, F 7= NERHIENHUE DB HE OBEWIZIZIE RN E Vv )
ZLeERLTVWD, —FH, HRFRDa, 2 DWW TR, AWFSED Interplate 7% Mai and Beroza
(2002)DH & W KEZVMEHAICH D, Z4UE, Maiand Beroza (2002)723 Hi5E D HUB SO HIEE & 1
WCEDHITHEER L TEL T, Mylld T 2MHE AR L VNS Rolcleb bEXD

Do fEF TR OFEFT BT, € OHFEE DTG C 72 MR T AR E O JE S (TR 92 Wi e oo
BN Z KB L CTWAAREMER B 2 5D (3.4.4 THTHiR), Mai and Beroza (2002)DHEFHT
BT H, 1923 FRHHHIEESR 1996 4 A MO HIFE 22 & A AR OURERL O H5E O KA BIHHES
il OHIEE & e~ THREM T A TITEW D RS20 ERTAIIRE VAR H D . 2T
ARIFROFERLEE LTS, LiL, ﬂﬂﬂz%ﬂﬁ B AT o T TR 2 AT 9 Wi oy 7 it

BT o T, RUFSEIE, HAROHIEIZK > TEEO N FEHIFRNHIEE & iR HE 2 xf
L LU THEIZIToT2 2 8I2kD, J:aﬂ@@ﬁﬂﬁxé Lot tBEZ NS,

Somerville et al. (1999)ILNFEHGZNIE DAL Z K5 L LTEHYD . Myllkt3 2 ERA DM
& B Tm - ERFR L BIZ 05 IZHR L THB Y IR DR % RD T\ D, E W7 A
ZEX° Mai and Beroza (2002) & 1ZIE—E L T\ 5, fEAIS ML, Somerville et al. (1999)23 7+t
R E LTzMy 5.66~7.22 OFFIZIEVT, HARDONEEZRNHIEE & SEHRICEAS LT D,
L2rL, BT HIIBE SN TWVRWZOANIZE & TR DR L o> T D,
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344 BEFEMIRIC L DA —1 T L pEEM

ARBFFEDRERIT, MR E < 72512253 T, BURT [ OAHBI IR 3T © ORI 23 7. 5
AU, Bakooi@ v W iE o fafn A Bk LTV 2 FTREVENE X L5, Wi E o fafniIBE o 2
=0 ZRITHEEM STV S, Scholz (1982)1%, KHUEE TIIWEIRE W (2 LIRXH Y (W
= const.), WifgR L LWif@3 <0 DA 5 L-model 23EY) Th 5 Lk ~TW %, Irikura
et al. (2004)(%, WilgmfE S L HEE— A2 b MyIZBIT 5 A7 —U > ZH|E LT three-stage
scaling Z#2£43 L T\ %, three-stage scaling |, HUEEDOHIN/ NS WEIPH CIIWE R S L L
JEBMWE WHNL=WODRERL, SocM?? &7 % first stage, HEN KX <722 L HIERATE
DEIITER LT wfafi L, SocM'? & 72 % second stage, S HICKEL D ET D&
D HMEF LT S My & 72 % third stage THERK S5, ARBFFED 7 — & il 1 3. three-stage scaling
O first stage & second stage (ZAHY T 5, ZHHDAT—V o 7HNL, T X0 54MM% Y 2
v 7oA e & D REMEE (Somerville etal., 1999) [ZHEESWTHEE SN THEY | AR TH
WA MV EIFR R LT 7 —F TROLNTZH D TH S, three-stage scaling |35
\F % first stage & second stage DHEFIZOUVNT, NEEHERANHIZE L Scholz (1982)12 L ¥ My
6.3. Simazaki (1986)8 L OAE « =F(2001)IZ L Y My 6.52. Hanks and Bakun (2002)(Z X ¥
My 6.63 &HEE SHv, MEHFER R XM B1E222013) & Skarlatoudis et al. (2016)I2 L W My, 8.4
EHEE STV D, ARIFSEOMR M OFRFT 61X second stage (ZxIis L, BT H & 72 5 My,
OPTALHIS Y FUTNPEHEEN HIEE Y 6.3, EHERIMIE DS 8.4 & 72 U BE{EMIZEIZ K 5 stage DR
RS TH D,
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345 REEI~DRE

W& Lo BIRO AR EMEN RN G 2 28 L LT, WiEDT X0 44 & RSB oM
JER R LONEE 7 — V) = AT bV &K 3-8 1RT, METHWEIEMy 7.1, BiEES
L=50km, WifE@MgE w=20km, V%90 & 1.84m, AH=XLIHTHWEE I 5, ilE
B AN 3-8 DRFITH 0 | BEEYRIEHE 2.7 km/s TRLOARICHEET 5, 370 #ERS
#/% Herrero and Bernard (199420 7 L 2 BI% (B9~ 0) L35, fEFTICR VT
T WA R EEEL QHZ L) 13957 V2B E LTEZXLT20, 7414 XX A A
0.01 B OB E AV, /N Y A X132 200m TV | ARE WA BET 5 L+
NS, A M EIX 3-8 D =4 TR L 7B LG S0 & Wi A 1R J57 AT 45km OBTEEL L &
L. W E A S5 M o MRS 2 33 5, S HOHEEE 3.55 km/s, P EOHE 6.00 km/s D4 HE[R 5
PERZ AR ET 5, Casel & LT, WigmEIZ —A MEH=0.77 & X (3.3)2H-3 < FHBIFEHE
DAREEM % fF 59 %, Case 2 & Case 3 13 Case 1 7> HAHRIRRRED 2 % 77— # DN RFOIX H O
X D4y (F3-3 D RMSError) 22727 —AT&dH D, Case4 & Case5 L Casel H/v—R& |
ROz T — 2 BNFOIXLHOE D5 (H OFEHERZE 05) BT —AThd, Hr—A
THLARZ 50180 T > F DR T2T RO A B LTz, 970 DR E UWEEIEH T i 51
WAL D ZLIFBENTIIRWE B LN, ZRaMifilT 2720 1 KEEOIRIE D E I
BOHRR-LI25 K ORE L, fHlé LT, Case 1 D 50 77— ADT VY 454 OVERHE % X
3-9 TR,

X 3-8 (a), (DIZ/RSAD TRV 454 &HE W IEIT Case | THE 7 — U = A~ FLAE
N bW —ATH Y, Case2~Case 5|3 Case 1 & [F UNAHD 7 —ATH 5, Case 1~
5 DTN GAIAFANE Ulele o, WERE B TS, 72720, PGV idCase 1 £V b
Case 2 & Case 4 DN RKE <, Case 3 & Case 5 DIFI/NEVY, [X] 3-8(c)iHfE 7 — 1 = A~
7 VI 50 7 — ADNH & SR, Case | DFHE DIEWERZZ R TR LT\ 5, Case 1, 2,
3 DTN T, MBI O BV EE) L TV A A%, HUEE O o —F — A EH L,
IR AEIR D ALY R LOME X ITZEE LAV, Case 1,4,5 OHBRICHN T, /~—2R MNEKO
HNEET L5613, MBI OB EEIRO 27 MVOMEEBE# L, 2 —F—EEEIT
g L7, FHEERRRE & ~— R MESE A B) S W70 Case 2~5 OIRESIL, ROMWHRE TR L
7o Case 1| OFEHEFZEIZITVY, 7272 L, AWFIETOMBERMIIL, HRZEM LTS
Tel, REEREMERO 7Y — BT L Z B O3 0 S IR B A 7 & B e (E
L TCW5D, TER L~V O BRI HRm D7 O, Wikg 30 LIS OBLER) 72 R E M
EEEBTDOILENHY, ZHUISHOETH D,

EREE D RRBENRBUEDHTT E LT, TN WERHBERAE T A X4 A L 2s D=f
B L L7256 OMBE 27 L7z, 7272 L, Rl X S ICBUEM R AR EMITZE TE T
WiaWized, I 2 CIIHURBMRIE OMHME I TG R ORI R LT 4 L FRICHEB O A4 —
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By MERICER T 2, FHliE A X 3-10 (257, Wig#isass ot (P1, (v, y) = (50000
m,200m)) (21X T, WrgHhoE EoHiA (P2, (x,y)=(25000m,200m)) & %% & LTz,
Z DM OFAM ST BRL & FEETH D,

HEBOFHIAE R & LT, 30 A ONAELEL 50 7 — A D Pl & P2 OHEA—E » b
Z [ 3-11 & X 3-12 1277 T, PUITHUEEMRIES 7 — A2 K 0 B 503, WL bIZIZWEE
22 (FN) HmDOAHTHiE AT (FP) HRICIRIENAE U2 WEREOA —E Y FERo T
%o, —H T, P2ILFN FHODEMGITEN T — A S HAUL, FP FRICH R E 2iEREA H D
FEMTE & 725 r— A6 %0, X0 A DOMFH DS TIR AT K 512, T30 DRV iEK
T TITAELRWVEREL 2> TNDH D, WITNDr— R b7 X0 AREVEED PL O
R EFIC X720, P2 X L CIEELEIC L o TT R DR E WA I H 57— A b
bIUX, BmHF ERDT—AbLHDH, 2D LD 70T Y BRI VE & HEE R LR O FEEE
BAFRIZ X VI - HEIE - mEHIEOFE N R D Z b A —E Y MEROEWRA T T
WHLEEZLNDN, ZOELROFEMT 4 EIRT, /2, N6V I 2L —v 3 VSR
ZHWT, 4 BITTREMIEY O 2 WITINERITIC G 2 5 BT 5,
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FAE WEBSIUVEYINED 2 AR EBRIOGEEDIRE

41 ILC®HIZ

AR, TR D FEFRIT O N RERER N R O BT ClEakE L LB RE B A
DHBEBDABI S ND L5 >7= O 2009), =0 X 9 ZpiiEEhL, BATOMERG T
BRI TS HIES & g U<, MEWICH L CRE e ENERRICIER T2 30 2
PEOHEBN & 70D Z LR BLITND,

—75. 1995 I IRFE RS SIS & L CW A REMEDIL, 714 Y L—ZIZk
HIEEM ORI & 7 R—D =V R —RINEENIC L D EmVEESRZFIH LT, |k
GO MBI ORI EZX D Z LN TED, L, 20X ) ICHELEMED @ OB
Wb, BRI L 2 D HUEBNC KR LT RS OPERE~ O/ (F1IE)>, 2003) 0, 4
B O 72 & OR BRI 22 D fERE (Z-I1F), 2013) BERINTEY . KEE
D7V A HIFR B & 72 2 N e N HIER O BRIFUT RIS DWW TR, BRSO IE R 7 A
FEOHRP NI L SN TV D, £z, REMIEY OISERHEIZ OV TIE, K2 J5m Rk
ATTE 1 FRANC L DINEMBOERIEE T LA0R UNER R E, MEEN 2 RTh&IC
b2 D580 s S TW g (BT EIED, 2013, HASGE %L% ,2010), Ll
ZNHO 2 WITIEDOKRFHIAWV LTV D HER IZARBINE S, SRR S D HIE
gy, L2 E 3 < BRI O MBS A E 2 2 EToRMEFITD v, Lo T
BRI A HEE D 2 Fiaktt Z0ERZREF L, Th b ORER R EREY
WCRIET B LR T D 0ENRH D,

Z 2T 4 O, BRI OBIGEEZ Wi aEEEm O 2 FREREA L 1
AN X DIEE M g U HUEE O 2 HFrafefk e LA —y MO EEMNZ -3, IR
(2, BT LB ORI IC B  H MUEEh 2 FRR FIEIC L VB L, 4 — > MEIROFF
Mzk -~ ZOIROAEKER 2 METd 5, ZR & U CIIEPAE & i FRERIED S 2 5
NDNR, T TIHEFEFMEOFLGICER L, WEANT A =2 OB L4 —Ey MEIRD
BAGIZOWTRHRTT 5, 25O ONWT, EERBEMEKRD 7Y — U B%E (LI, &
SEFRAR) % VT, HE %&% UTHIE, RS K MR B L . BHO A 5SS

XEREBRARD, S5, IrHIE, PRITE, mEHIEOSTE & iEO O HEENIC K 5 5%E
1%@%02&ﬁmﬁﬁﬁ%ﬁw R 312 33 1) 2 HUE B O FHl Tk 3 e B S O Ik

\ZH- 2 2B % et Lz 1T, BB O & HO T 5 OB ERAIBILR D & BRI £ O fEikic
ob\“CTz'E'E%TZ%
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42 SEREHO 2 RITTISENORT A —Ey MO HE M

BRI OBIAREERZ VT, K2 FroOHEE # [FRFA T LI-GE L& ZhEhvl )
[ DO HIEE) & AT L2558 OREEWIGE OFEIZ OV T, REEHOET LV E VTR
MEITO,

FEMEYET WVIT K 4-1 IR TAKE2 FRlCHREAZFFS 1 ERRET LV E AN D,
SRR T T 7 ANV BB = A(LRB) & L, SREREINT, & B AW iR a3 F T
#zINb,

ooh,

Q
%zﬁ (4.2)

Z 2T, op  HE, by AR, g EAIEE, G, 0 T LOEAWHMER Q¢ YIA A
HOW :REETHY, ITICHWEEZXK 4-1 O TH D, REEEDFET VL,
2 BRI A BT D720, 1XRARE 8 RD MSS(Multiple Shear Spring) €7 /L& %,
ICTIREITBRARIS 7 & WIWE 2 e RAEFLIRIEIZ IS U CE LS BENS Y =T ET L &

L. 1 Fao@EYA 7 0 “RAWE Ko=1.54 kKN/mm, —RAWE Kq (2xh3 2 —&RIvE K, ©
B =KuW/Ke=13 & L7z,

AFTHIEEBNE 1995 4 fL i R/ B R (M7.3) O BB R O BRI & L, NS « EW F[a 0
A2 FFEIREA T & T 5, AWV DBHIELER DK 2 5oy O ER Y ((R& 3 #HiR) 2K
4-212, HEA—Ey MR OBREOWRE & ONERREZK 4-3 1277, 23, HREMEEY
DISE BRI 5720, KA 1 U EORS 2R LTV D, AR - LA 1995)Hik
(1996)7¢ E OBEFMFE T HE HAL TN D K 51T, HREER I3 N s N HEE 0 BB IRIT 65 ©
OHBEN ORI E SND SV AR BN D, A—E > MME, Wi L CTEAR DK
ERFEMIEE 78> T D,

UL EDSAET, BB OKN 2 Ffik o2 A Licha s, el Frodk (b )
R 0) 2 AT LT-5A DR KISEEN 2 kT 5, Wi#H DK 70 TOIREEMDOFER L |
ZDZEKOEIEITONTE 4-1 TR T, IREEMIT 2 AT E 1 TMANTELLRK
EVEWHBEAITA LW, WEDISEMEIITERH Y | 2 I ARHIISE S 5 T
\Zxt L CHEA T AOMBEIOFELZ T CND EE XD, Frifi AEHNOEW HFIAiX, 25
M ATIRE DB 1 IR ATIREDIEE N A A 20% EEl > T\ 5, Zpds, HUEThO =
WA & SR EI S L VI WG A ICOWT b RRET L, 2 FIAT & 1 HRAT) DISEZEALD
ZEITME L CREL R DM A HEGE LTV D,

2 HIMANDE 1 FHAAT EVISERKE 2 2RI, MSS E7 /M L0 HBORER
B & 52722 L2k D (Fil - [UAR, 1988), M OSESTKIZ AT IR URBRE AW
NI —BAIBRE T T MET D72, S U =T RO /SR % 205 025y il
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5 MSSET NVE MWD, MSS ET/VIE, Y FMOEEZIC X FIIZER LTIZ5GE ORI
AR, X FIEORCEG LIEBA LD b/INEL 25, BRBEOEE L7200, 2 KT
BT LI aiE 1 FROIMCER Lz ha L0 ISEEMRKRE < 25,

PLEXY, g *%L#@ODI“K@W? F 1 FMATTIESERMOFAR & 72 258038 5 I
% 50 EHECHIRET 272010 b . ASHEB)NT | HIHRSY Z I ER DM I TR AE
2 JF ARG @ﬁ~t/%%$%ﬁﬁ#5zgﬂ%é

— FERIERRE - MSSIEIEAA U =7 5L

FEE = A% 1000 (G4)
fh £ 9200
LHRE 0 201mm

:“A O AWrHMES © 0.385N/mm?
= E& : 5655kN

L 7.5N/mm?

o= EH - 3.97sec

7 Y)W E : 250kN

~ REE AW FREL : 0.0442

=

B 4-1 SRERMREY OATE T L
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F4-1 BIAECED 2 FIRIATIREE 1 J5 10 AT IO B RSB AL

ANV LEmAT lehm-1h5m|2hm/15m
was | mm| 27T T /
e K IENT (em) | KA (om) (cm) (%)
NS 47.90 46.10 181 103.92
TRHE R EW 57.29 54.26 303 105,59
— NS 2575 25.84 -0.09 99.65
Y P S A L
RS ey 23.01 21.62 1.39 106.43
— NS 23.62 25.10 148 9411
2

AR EW 11.85 1042 143 113.75
— NS 23.45 23.92 -047 98.04
AR EW 40.10 4207 197 95.32
B NS 56.89 5195 4.95 109.52

AN
gatdar gy 68.71 68.63 0.08 100.11
| NS 3233 36.98 .64 87.44

e 7R
LRI =YY 25.79 21.55 423 119.64
27 A TIDIF IR Z
1 ATIDTTHRREN
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4.3 BRI OB R HEE) L
431 fRATSM

BIGLEO MBI SOV CHEERM TR L VMG 2, EIRETE X %fﬂ%@%ﬁ
L, Wi ST A — 2 3B Tl L o v (SR e HEE AT, 2009) (2 X 0 §%E LTz,
# 4-2 R OH 4-4 ([T VO T E RS, W8 B %éﬁm,M%%%HiTRAU
T4 TS E U, RO PRICHBEENETT 5 6 O LIRET 2, BEmaH RIS IIACE R E
ED T ) — BB O R TFE & LR 515 (Hisada and Bielak , 2003) % FV Y, kSR Eh 2L
1% 0.0~1.5625Hz & 9%, HEET VI35 4-3 1R 5 J@ O KR il 2 Vo =R
DIRFRI NG 2 D 2B atd 270, R I Y 3 558V, = 3000m/s) 3 #2504 L
ToHRE T N AR ET D, X 4-5 (CHIFRE OWIEO 73 & Wi OAnE B 2 <7,
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REST) =Fah 7.2
fE A} 90°
FTRY £ 0°
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AR I 2556m/s
T o IRR ] B 4K T - B R (2000)
TANIT4 | T R
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ERaVE S 1.8m 0.7m
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e FRARYF 4
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#£4-3 HEET L

W JEIE | PR R | SPGB | s QfE
| DIml | Vplnvs] | Vs[mis] | plt/m?] Qs Qp
U H | 3000 5500 3140 2.3 300 600
2@ H | 18000 6000 3550 2.4 300 600
3 H | 33000 6700 3830 2.8 300 600
4 H | 67000 7800 4460 3.2 300 600
5/ H oo 8000 4570 3.3 300 600

ST b 5 (Skm AvS 1.2 EIZH A7)
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432 EIEUTEEOMEE R

XU, 4.3.1 HOMTSRMEIC L WA LN - BB O RS2 5H T 5, BRI H20<x
<75,0<y<20 km) D KR 45345 % [ 4-6 (277, WIBTE A4 (FN AP OB EE L~ L
BRI DREEMELT A~ 20 km OHLE TR L 700 | EID S REETTNZ RIRNE O fE
WA LT D, Wi FATHC (FP ) D KB IR R 6 y AT Skm (3 S 4L 72l
TR ERD, FN plisr & D & ZDfEIT/NE W, FN R IZEE L CRERE & 2 Ot
Rt F(20<x<50,y=0km)DFEE I & Z DOHEILE AT B 4-T 87T, FEO
FRf e Ui, EBIFEWE OBEBMERE RIS L 0 | EY X0 BEEETT M (x = 10, 20, 30 km) T
IR N L L EA MNCIRIE DO R & 22 SV AP & 720 | JE ] 2.0~4.0 FAHEA gk L C
W5 BCREIT A TR R 3 R <IRIBO/N S 20 & 7e 0 | EIIRHE I Y — 2 B R 20,
FELOWIERGIEE D FN G5y BRIEO K X 22V A L 72 A, 4.2 fioBEsE b
RS LTW5D,

W, BHE DAy OBEA— > &K 4-8 (TR T, A—E > hOIRIL, Wi
O IE FP Bl OIRIED 72 < 1ZE FN 0 DA DEMIGIR & 72> T b, Wilgnbd
LB 72 s TlE, FP « FN OB ITIRIED & D FEHTEIR & 720 > TRV | x>40km OWrfE
DOEENTZHIE T, A=y MISL O ETEHEORIK L oTnD, /o, Mgl X
DIZITVEIROMIE 2 km Z&) OA—E >y MK 4-9 1R T, Wi OB FHS T8 A4
— Uy MIEMZIEWIR & 2o T D,
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------ BBIR = 7ARYT4 K BR
y(km) I i 7

NEANE o

0.0 -
A
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433 Wrg /T A —2NA—Ey MNEEIZE 2 5 B

432 M CIIERIFEOA— Y Mtk x ik ~7c, X 4-8 OWiE#RR LoMiHD X 57 FP
%573 72 < FN oy DHDEMIEROA— 1 ME, 4.2 8 TR Uiz iR E s &%
BROBRIELEL CITR bR, A—Ey FBEMER & R 2 BROMET L LT, 2 2 TIEE
FEPEICER L, BB LT~ foES5 2B 5,

Wilg R T A — 2 OFBE S NEHET 5 720, HEE T LI Vs = 3550 m/s O 2RI
ikl U, A HiIE - iR - S ) B D R IR O BRER R E) (PRERHUEREIFJE4S, 1994)

FEHET 5, ZOHEEYMEIT 431 HTHRE LR T LV OMBRAERICHY T 5,

XU, WiEOBRAEZ LTSS, T X0 M50 THEEL., BERAE 90° | 80° |
707 L L7z & 2 ORFEHFOME A — > M&K 4-10 (2R, Wi BT, SRk 3/
ELRDIFEFP AN REL 2o TEY, FICx<0km QMR TA—Ey MIb 30
MIE L 7> T DA, x>0 km OFFEEHEITHH TIIEARE LTAH—Ey NIEARAETH S,
ﬁm\#ﬁwﬁmﬁgo%%ﬁzk@%%ﬁé BRMEIE70° L L. T X0 AIEX4-11 1
AT XIS, 12 HOE/NWEIZ-45° ~+45° T RD LI T Fhichzl-, &
DEEOREA—E Y FEK 4-12 17T, X 4-10 FTEOMEAME 700 TTRVA—ED &
T LA, TR MAIIEL ST R R D ENA—TIRIZZ DL L TV DA, FP 5 D
TEICIE ST E2 bR e < | Wifght b (FRICHEEETT M) oA —Ey MIBMBRIZIEZR S
VAN
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44 W LB SOMERRN A — 1y MRHEICE X 550

441 WrlEES OB

Wil & BLRS OMLERBMR N A — By MEEICE 2 5 BB OREF & LT, BiEIESIZHOW
THRET 5, ITETAOMER %X 4-13 12757, 22T, LSS 0MIcha%47o 7=
W, WEETT VX431 HTRLEETADOT AR T L 85 OHO—kEREm & L, @R
A, TROMA, BEEERRERE, 0 dERRIBEE. aFEEIT 431 HEF L LT 5, H
BEET LR 4-3 © 2 BHOMBERAROWMEE U R & U, R TR
4715 (Hisada and Bielak , 2003) & IV 2, RRIFARIT O HUEEHIRIE D2 E KD 720, HiE
DOFHM AL 1 km [BIFR & U7z, WiE LisiR SIEE 24 0 km, 1 km, 2 km, 3 km &9 %,
4.4.2 THORMERfEZ AWMt & ST, WiEiio 5 0.2km 775 L7z y = 0.2 km OHi
IS GEMITHZIR)

AR SR O E A — 'y P2 4-14 17T, 43 HiOET LV THHREL TWVe RIS 3
km OFETIE, A —Ey MIEMELROGEITE L R HRREEN, FiES 0 km O5GH
TiE, WiEMROE ETIIS DATEERE LR TEY, ZOMEFEARLA TN H HHE
MEIRIZIR E 2o TV D HIE RS, A — By MNEIROZEOMT %2 RS & y>3km OIS
7% & OWIERRD DEEN - R T, Wi ESRRS 2R TH L A=y hOBIRITIZE A
EEDLTIRAITIRIEN /NS < oo T D, y <2 km OHE 7 EOWERRITEWHLET
X, Wi BRI 2R T 5 &, MBIV E FN BTk d 5 FP sy OFIE A L
F—ty MEROZEDREFE L, DLEXY | EBEEFOMER O A — > MERIZIE, K
& B R OEBR RE B LWL EEZLND,
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442 SEERMEIC L HFRGRAOE SR

4.4.1 HOFERNG, BEEGOA— v MR, Wi & BLRIHS OFRREN B L
TV D ATREME AR L=, BEIRIC VT VOB S O HZE ) |3, T HIIE S K OVh TE D303 & 2
5D, A—Ey MR B ITHIE & RIEO FEIZ OV TR IEA(2002) TH X 54
TWDH, iﬂ&&ﬁiémfw@wo::fi MERRAE 2 FH O CRRIR B O MR B 4
HUTE - PRIA « RIS 0T, ENE DA —E y MERN L BIEICHT D5 2 matd 5,

DIERFEMEROYPEILIR 4-3 D 2 J8H OMBER AR OMEE V5, W& 4.4.1 3 & [

WCEARETNDOT ARY T 4 5 OHO—EEmR & L, BRI 0km O & & OHIES) %
RT3 2720, Wik B & R CVE SICFHlt R 2 & 5, 2IEIRAZIC X 2 3R, W) m 2
L EI LT/ N g O DAL, NETE & RIEOHEE— A v AR T 5 AERE IUE
L Cifit s o MEE# 2 37M L T 5, [HENEDNQ2015) TH IR RN TV 5D X 91z, /NEiE
DRl R E TOREE r BIEFITNESWGEITNBORE IICHET 2VLERH D,
ZITIE, BB ORE & 50 mX 50 m (WrE AR J7 A 240 3E] BEE TR 160 43
B &L, BUEREIC X 28720/ < 72 D Wi ofaT s & LT, Wilgiins 0.2
km 72 y=0.2 km O S A FHET 5,

ITHIIE, W, mHIE & RIEIC LD EFEE OME A — By 2K 4-15 17T, X 4-
14@¥ﬁ@ﬂ%*iétwﬁéOMnT@ﬁwahtwﬁﬁék AR A s R
L FN 7 & FP oy ORGS04 — By MERIFMA—H L T\ D, BHEHOFERE LD &
EHITEOA— > M, BiE# EOHE TRESHEHWTE Y | LSO R EOHLE T
H FP R DORERMIB LT D, FHEOA—E Y M, WiEH oM TIX FP 77
/NS < FN F RO T IORIER K & 224k & 72 o T D, Wi 540 LB 7 HR Tl
FP i b R <, (x,)=(10km,l km)ffFrO#SIZRA Uitz K 9 72k L 7e > T b, il
HOA—Ey M, WilE#i EOHS TILFP i3/ &< FN RGO RERBIRE 72> T

D, ZOMOHKEHEA—E Y MIHE VLA TR,

W g |2 f b VT OB AR T - D (x, ) = (6 km, 0.2 km)HISIZDOWT, #51H & RIEO K FRK Sy
DWW TE AKX 4-16 1IZ73T, A—E v MERD?D &R L7223, FP 5 ORI A~OF 51308
HITE 3 ST & 72 > TN D, FP R DI I ORI A I72 T ICHiREY L TR 0 . WifE
OF RO HERIHIC VTV D HA « mR(2000) DB IZEERI L T 5, FN oy, it
HITE 2] U C T & I I T B3 & 0 2Btk & e o TER D | iﬁ@%%@@ﬁﬁ
FHEOEROMIMEL W L/ S les TS,

Wiz, Wig LSS % 3km & L2 & EOmMIE L REOME A —E >y MK 4-17 12R-7,
FIRERE Y 3km D & ETEMIAD ST ARRIRIF NS K Z VS, EHIE E RHOA—E Y ME
WRITW BT O ICB O THHEEIL TW 5D, BITOMBEEZMEICE O CAELSFH S
TWDHHEIHZ U — B, EHIE (SIR) OAZBRE LIZFIETHDH, THIEB LW
IEO S b 5 BRIRT G LRI I 1T 2 FEEHHY 27 U — BEaE OB AN B L Tid, LA
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PO E LTV MER TS (B2 IZBFEE, 2006), AL T, A—Ey MERICER
L7t 21T WL F O 21372, K 4-17 O X 912, WiE B 3km BEDESICH D
Al EHEOLTHREOMEER Z TR TH 5, LarL, K4-151R L72WrfE ks
RIS Okm DY 6 O MIE & RO RAMERT 2 L. WiEkh L TiEHEoA—1 Y k
RIZEE LT R | FP AT E LN 2o TS, i LS OHIE T
F— 1ty MEIRCIRIEA 535 H e v | mEHIEO e CIIRIE T/ & 72 2 HE A
%\, LLEX Y | MRS WE AN B 7 E W E ASELE S OIS OB A | ITHITER X OY
FPIE O BN R X Ve, HEBIREAR I I - P - RO R A B TE ST
EEMNLHXETH D,
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443 WEEERRIZE S ELE

442 HTE, rHE - PEE - BHIEOSEIZOME LI L EDENEFNDOA—E v M
PEZR LTz, 2 2 CIEBTE OBEMRIE 2 et L, FHEORHEICE S A —v y MEIRO AL
HRIZHOWTEZET 5,

4.42 THE COWEET VOB RREE 1 135£ 4-2 IR T 11=2556m/s (=0.72V,) & L
TWD, I 2 CIEBERREHEOIXHH>EZ O & LT 1=085V, 2 52 (FIEIZH>,2003) .
Ve=3000m/s & L7-GAOA4—Ey N EHERT 5,

4.4.2 TEFICHHE L7278 LhsR S 0 km OWIEET LT, V:=3000m/s & L7256 DM
PRARIC X 2 EA— 1y b & 4-18 1”7, Ve=2556m/s & L7-[X 4-15 D FE DR &
g% &L BEERIREDSE Ve = 3000 m/s DA—E v ME, V=255 m/s & LIZHBE LY
FN R REL 25 TWD, LAl FPRGTOKRE SIXTTE DLW, 2RIICA
— bty MERIZ V:=2556 /s DA LD FN HRICHE < 7> TWna,

IR D OWEEE r (2T L, T HIE O MRS T HIE X 0 b IR OFEEE N R E W2,
B D> DI O R 4y OIS X A MBI Z OBIISICIZ L A SR L2, Zhic
XL, EHIEOMEE T A TREET 5720, BULED B WETER I X 2 fEENIZ O
B AT HIE L Hisb o3, Ko CUIEHIEN ZEAY 7 FP Y 13, B A OB 5%
DM 376 OHEB) DI & 722 V) | BRI RE OLBOZBIIHE VT, Ll
EHIE S 25 LTV D FN AT, B HiE W b OB b Ak SN b 7=
W, Ve BREL 2D EAMENDEMRFEMFIELS 72V IRENARKEL o TWD, LLEX
0 . EIELED FP AT DW T HITE A SRR & 72 D728, IR DB 3/ &
W3, FN AN DWW TR R RHE O ERREVWEE I b D,
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45 EIFEFOHEE S I 2 b—3 g URERZ AW T REREY O 2 IRouS & R

4.4 FiTIE, RURES 0 km D86 ORIFRMITE ORI\ TIL, A—Ey M
PEOBLRN S b fITA 721 T g < THHE - PIfEE - mHIEO RHEABE TE 2 FiEx2 05
RE LAz, T T 2O XD BREHEOBEOF BN GREMIEY D 2 WSEIZE 25
WBLRET D, TSV HREMEOET T 428 &R LT 45, ANHES)LX
4-19 1R T X DT, 442 THIZ TG L72 EUiR & 0km 35 KOV 3km D(x, y) = (10 km, 0.2 km)
M DA 2 FEOHES) L35, FNEnUrhiE - P - Lm@®£@k@%@®ﬁ®
AN L DIEBMEE T 5, 728, 442 THOMRGHIMERAAR Y O 2R EMERIC
ST 0 . HEE OSBRI N D HI SO TR AR 7 K O i E @i@%%%@
NSV, FZT, 2 TCIRERIFOBMGSR LT, ERmEHSHIE O IR EROBIHIE
FrEBEL L, RIEZ 225 L TW5,

l4zo_ﬁ SEIEM T T NV OINEINTRE R OB OA— > M ERd, W@ FMES 0
km OEE . EHIIEO B OHEENC L DISEZEMIT, 1 FACKRESEETL24—y b &
o TWND, LorL, BREOHEENC K 5I0E AL, FN « FP Ol I K E WK &
o TG, IWEENOWEIEZ iS5 &, mHIEIIRE L Y & FN iR, FP Aoy
TN E 7o TR Y RHIZ X DINZE & REOFHIIE TE TV, £, Wi RimiES 3
km®%é@\é@i@%ﬁ%@miémgﬁmﬁ%%k%wﬁﬁ%k%K%HFN&%@
H L2 | FEFFEOFAMN & 72> TV D,

U\J:J:@ BRI R O HUB BN )7 2 0B E Y O A I OB, WriE EimsE s
EWGE I HIE O A C b RIEO HES) & [F% OISEFHEN T 5, Lo L, HiRHER =
NHBT 2HE7 L BN EROWSEA TN EOEBEROA—y MEEIIRE SRR, S
BIZE DT EEMI B ENRE WD, REMEY OICEOBRN D b, RHEEEE
T X DEERE LS SRt E E OBGRNHEE MM TEE AV R&Th D,

WIZ, 52 FO 1923 FRARME L 5 3 EOLHMOMBELZ T T ML LI BRI IS < i
FOKFERSDY I 2 b— g URERE AW CRBEOREMEY O 2 RTGE 2 i+ 5,
BARAIZIE, 2.5.4 THT/R L7z 1923 AFRARER OB LF L Tdh 5 KNGO003 D [ e i
L, 345 HOHCHELET I K VER LI2T 0 5340 & Hv 7z P2 HiS o 50 7r— A
DHIEERTH %,

VI alb—Ta URERE AT LT REMEY OISEENA—E > MTOWT, 1923 £
HHEOMER 2 A ) L-dHlifE A2 X 4-21 12, BEMBPeET ok s2iEs %2 A LT
ﬂﬁﬁ%%.&ﬂuﬂﬁ}m.i%ﬁﬂ2ﬁﬁlﬁbkﬁ%\%ﬁﬁ%ﬁm@%lﬁﬁ@
ﬁ@kﬁmiém%%&ﬁ~5ybf%éoE4Qu:zﬁﬁﬂﬁ&%lﬁmlﬁ®%km
BEMOIEG A 73, 1ZERTOREN 2 HRATNZ L HREMEN 1 HFATELY HRE
W, LEX D %%_%ibt BEORKMESL, ZEHOMBORKMELZBEE 2 T RILLIZE
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O:FIEDVI 2 bL—a VHIEENE AT Lz FP R ORKRIGE LN
X H3EDYI a b—ya UHIESE AT L7z FN RO R RINE AL

127



4.6 ERFLULEMOESR

ARSI (R T O SUBIRIC X A BEGm MRS (T, BRIREEHECR U CIrhhIE,| TR, i
2T BN D, BRI CIETHIE - FEOFEGENREL RD D, TNLZETICEE
THUNENRD D, 45 HTlE, REMBEDOISEOBEND b, BELHEOMESISHE
BIECE HHGRIHBEE M FEEZHWARETH D Z L 2R L, THIA, FRIEZZE
TR PRI 2 R D 7o IR, £ TR 2 R T D BN B 5 3 T HIIEIC D
WX OBRBERER R O R FLD SCERIC L W % TdH 5D (Il 21X Aki and Richards, 2002; B
FRHIEEIT SRS, 1994; HAREELSS 2005,2016;), Z 2 Tld, ITHUIEO R A T
PIRE AW eERIC L koD, £, 5572 HIE O BFREREE FREIC LS & | T HhizE
DEENRENEEZ L5 HIHZ BT FEK S U TRET 2,

X 4-24 \ZRTJEEERICH L, AW WIEWERERIC L - T, 3 RTOBE S TRIE R
R IERBRPE R T D & DATLE R x IZAT DI t DZELu(x, £) D 7 — U U (x, w) 1 EK AT
xIhsn (HimtZEENIES, 1994),

U(X CO):M RN ii (L-l—i)e?_ L+i e_%
| arp “rio|\a i B o

1 prl 7% 151 ‘i%r
?R%r—ze +— Ry, r_ze (4.1)
1 1. 1. _lar
+—=Rj, ~iwe « + <Ry Ziwe ’
o r p r
R}, = 9sin 20cosgp —6(c0320cos¢6—cosesin ¢¢)
Ry, = 4sin 20cosgf — 2(cos 26 cosgh — cosfsin ¢(p)
Ry, =-3sin 20 cos¢f +3(cos 26c0os ¢ — cos fsin ¢¢) (4.2)
Ry, = sin 20cosgf
Ry = 0526 ¢cos 0 — cosdsin ¢

I, ol TAREE. Mo IZHUEE— A M ol FEREE, r IIURIRIERE. ol P H
BE. AU SO, FS(OIXERR MR A RS, RITKEIER®F, 4, g) TRENTZT T 4=
=g U NE =R TH D, N@ DAL JNOFE | TN ITHITE, 55 2 TEANHR] P, 6
STEAHE S JTA, 5 4 TEH R P JYIH, 55 S T ImM S JIHA KT,

Z 2T, BHEOBEHEREREEZ R 2 ICHT 0 . KEOmM S HHEICHT A A
WD, M S JIEI . transverse ik 4y T &> % €08 20€0S¢ —cosOSIN ¢b b B A FAET B 7-th, £
HH (4.2 DRGy TARE L TEZ D, 1aEHl S WHRITKT 2 UT I, i PR, i S 3
O UNUS, UP/UPS, US/UMS 3R E 72D (BABEORGET D728, FEE & I TR
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(2 ) Bl )]
A2 bnl -2 St -2
-4 2) £fanfer(1-2 e [o-2]

UlS . ﬁ UFS

TE =_3IE TE

(4.3)

=1

[UN/UFS|, [UTP/UFS|, [UTS/UFS| & 4TH O UFS 25447 2 H[UAHYUFS|=|(UNHUTP+US+URS)/ US| oD i e
WORFEEZ X 4-25 12R T, &/3T7 A—ZIL, a=6.1km/s, F=3.5km/s, IR f=1Hz &
T 5, [UNUS|D r=3km LT E CTIRBEEERED 1/r 7223, r=3km L ETIZ /P THD,
e 23 ) 0 ) 2 BEEEIZUALY/UTS| 28 1 2> DL 2 BEEE (I o) 3km) . D% » RIEICKE
L CHT i - FTE O BN C & 722 < 72 D FRBEICEHE L T 5, [UP/URS| & US/URS IR
B DT OB 1/r TH D,
|UNUSS| 3 UL BEBET 1, 2EREET 142 & 72 2 BRBERE RISV T ERBIC L 0 iR

Do MDIZ, rH+o3/hENE ZOEREEEICOW T, ROFERZ AN,

XMW/ NS & E sin X~ X,Co8 X ~ 1—%x2 (4.4)

R(4.3)0 UNUPS [ ZIX(@ )z 5 L kL7 b,

N 2
U8 L) Ll 1 £ 12 "
U 04 04 or o a
SO rDOWEEY, rBHo/hSnE XEHICH L CERITEETE 1 E/hEN, Lo
~’C|UN/UFS|
u" . B ﬂj[ ﬂj
~3 1-= 4.6
‘UFS a)r( a a (46)

L7 | [UNUS| O BB 3T EERE T 1r 725 2 L DR TE D,

WA, r o REWVE EDOBEERICOWTE 2D, (@4.3)D UNUS 2o\ T, FEERD
[ &2 TE, o [J N 1 HEB X O 3L r ORER-1 THDH, LoTrid+ok
FNEE, INLOEFIMOBEL Y EETXDIELE/NEL, UNUS IR TERIENS,

U—:S ~ 6(£]T—1+ Ecos{ﬂ[l— EJ} +i ﬁsin {w—r(l— EJH (4.7)
U r a p a a p a
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L oT, [UNUS|IEkE L 72 B,

UN

— |~ 6[ﬂjz\/l—zﬂcos{wr(l—ﬂj}+(ﬂjz (4.8)
wr a p a a

UFS

B 4-25 IR END LI, [UNUS|IE r PREWVWE SIRET 2B TH L7720, Zhoaik
FRIUN/UFS gy 2R D B it(4.8)0> cos HA-1 L ETHDHZ EEZET D &L TR UNUS g

IR L 72D,
2
{2(2) "
Env a)r o

Ko T, [UNUS|gyy O BEBERCR T FEHET 12 & 70D 2 L DR TE 2,
4-25 125(4.6) £ (4.9 DI RIRIC L D2 E B OFFET 5, [UNVUS| O FEBERED 1/r 226 12
WY B S EEEE, K4.6)E @YD EOHHE . TH Y, kL2 D,

200
ol — )

K@4.10) L 0 | roXIEEEUC BT D, f=02,1,3,10Hz, a=6.1km/s, F=35km/s & L
72 L X DIUNUS| & r 2K 4-26 1279, [UNUSS|O BEEERE 2380 0 o 2 IEEEE. SiREE
S < RIBE SRR R & W2 L B3R T X B,

EHIEO BRI 1/r ThHZ EIRE DI VHLNTH D720, ITHITED transverse
%5y O FBERCR XU R C 12, mEREET 1P L e D,

‘UN/UFS

r. = (4.10)

EREIR LY | A ‘iEE%E (2 & o THRMERR R EDS 5270 5, € LT, BRMEERGR R
AT %béﬁﬁ%@i\ BRI U CUr i - PRI O RN R T & 22 < e D B Cas L
TW5, €I TARmMILTI, T J&IEODEE%’EY@ZEW@J DR 5 IEHEET & 5 (4.10)D r. AN %

PR P & L Ce ?‘Zoo o T BRI OFPHITIRENELIC & > TERZR Y | &SRB
E O RIRENEE EIRWVEIPH £ TR S,

Bil& LT, 2016 FFREAHIUE ORIFTLE OFPH 2 X 4-27 1274, @100k 0, A T %
1sZAHE L, a=61km/s, F=35km/s DEXD r ZRDT=, ZZTIERETICEDER
£ /L (http://www.data.jma.go.jp/svd/eqev/data/sourceprocess/event/201604160125054 7near.pdf)
RV, BFEIFEOEEIT, T=1s TiIH 2.6 km OFWEFH & 725728, T=5s T 13
km OJREFIPH & 72D, 2016 FFREAMEOLAIL, T'=3 s T KiK-net %59, K-NET REA,
KiK-net £, K-NET KRENBEFRLGOFMICE END, — KIS 7Y v FIEICED
HUBRENREAMIEL, B OREEH 7V —  BE R £ OWIEG RIE & R O =)ot 7=
k7R E OBERNTFIE OB AW A 3s Atk & T2 2 ERZ, M 3 LU g S i E
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DI % NG G RIE DTG B & 72 273, RRL O MR Cldn #irE - fIEIC K 5 He
BE OB RE R D 20, JAW 3s 2 EH & Lica 7 ) v FIEOBEMIZITEED
‘/Z‘g‘?g}) %)o

131



-

et 8

FRYHE

4-24 AW < VIEW RURTR & B

132



Amplitude ratio
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4-25 |UNUS|, [UP/UFS|, [UIS/UFS| o SRR R
1 o 3 f |
xxxx!( | S e
r f=1oxx’*%xr (f=3 ro(f=1) o r(f=00205>°<>
01 - A P e
o f=0.2Hz x P 85
X o N[
o = X © : °F
0.01 - f_lHZ A 7y 3N
f=3Hz : = =
XX x P o%
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x o
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47 F&H

LIFICR bR E £ L DD,

SERISEEAMIL, FITE & e D HUBBIOKF: 2 FapmsORIEATIE, TZE 1 5
AR5 O NS CIRBMEANZE 0 | 1 F ALY D AT OIS EFRHT TIESfaRR O FHE & 72 5
Uambs, Lo T, ASHEENL 2 FIfE ORI EZ I T 2 BN H 5,
ERTEAE T AT D KSR U 1 K D RIS O BRI R BN X, Mg RERR S Y 3
km DA WiE B4 L%ﬁfhkﬂﬁﬁf‘ 34—ty MBI L 250, WilEii -
X FN 5 DA DEMIE L 725, T bORRIT, HERAET R f72 EOWE/ T A
— X EEZTHEDDITVY,
Wrig & BLHLS OMERROMRET L LT, Wig MimiR S 2 E#H gL A, A—E v b
ﬂ%#ﬁ T RURR S RV E FP I MR E RFEMIE & 72 5,

SRS 0 km O & X OMEB) O, RERAFIC X 2T HIE - PREE - EHEO T
FP ﬁjz/\ ITHITED SR TH Y . FN R IIBERENENEE LG > TV D, Lo

BRI WIEEA—E Y MERIZ FP il ORE 2F5MIE L 725,

/J?ﬁb;@ FP A7 (DWW TIXITHITE A SCALR & 72 0 | B ORI 5 O W 3 7 5
DOHEB O L 72 D72 BRERTEEE ORI/ S WA, FN RIS OV T liE HiTE
DEFERH Y | BRLED DO S OHEE S G S D 728, B EHRE

DFEBENRE N, Lo THIEERRFEREIZ XV FPASICHT 2 FN G DHRNZED Y |

F—ty MERRED S,
Wil ESsiE S A% 0km DG, SERAFORMIEO A & RETITHESHO4—vy MNE
WL ZLick Y, WE L ANMER L LIBEORBHED D 2 RouHE T IRE)
T2 ARG 72 5, SURED O INEOBLEN G b | BRI O MRS I RE L
EETE HHEGmIHETRHMIFEZH N XETH D,

ITHITA D transverse H% 57 O BRBERCGE FeME XU EREEC 142, =EBBET 17 L7225, Z Ok
Pz A W ERBIC L0 #ERE L 7o, IrHITE O RREERCE 23890 0 B0 5 FREELLN
ZEFTBEOMEEE UL TRE L, #ilE LT 2016 4EREAHE O EFTEE & 72 5 #iPH 4 R~
L7,
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LLED X D IR LTI, A—E v MREEOZAGICIT T #IE - drREIE -« @ HIE A %5 LT
WHZ EER LT, LML ZOfEmmaiEH & 200X, Wilg ofrfFtim & RO -5 T
T&éoéﬁmﬁ%&@ﬁibfw@wﬁ X 4-8 OWEH>5 40 km LA BB 7215 5 O Hy
AT, AER g B 2 EmESOA— vy NMIERE > T D, HEFIEN
Q014 THREINTWND LI I %%@@@ﬁﬁfiﬁ@ﬁ%%ﬂtLﬁ%g@j“t/F

IRERRIE & 137> Ty, 72, 42 Hi R Lo e R B OGS . EIREE
IFHIRIZEN DT EE<IERW oD Tl - FREIEOFETAH—Ey M3EAE L 725 T
WD EIXFE R,

VT HITE - FRETEO BN . BEEMZETIEA— By FOERER & LT, JHE - A
(1998) TIL, Wi D30 A=A T OVREHIARIC R 5D K 9 7o B 1E A FN plsy & FP
AT DHRIZEES 2 LM L T b, £, IWARIEDN(2007)Tlk, REEBME - REEMEZ
P Lo i 0 CHREESC, BT 5 2 KR S EEHEDRGHEIZLD 2 FroEEio
BSRREZNC R ZENAE LD Z & T ﬁ~5yhﬁmﬁ’@éﬂ*@ﬁféh1wé

LERY | B OA— Y MM, AGRSCTRE L TW W IO BRIRAREC, Hilk
DOARYENE - RERM - BHELEEL WD LEEILN, TNOLEBE LHMILS5% O
MEEr LTINS,

it\x 7S CII R ﬁmzﬁmﬁﬁfﬁéﬁwt/h%mﬁﬁk%@zﬁmmK iz5

DR AR D0 h T 0 REREW R L LT, 2 FRFREATNIC X 28Iz o0
iﬁ %L%u%®%L%_owf%%ﬁ¢5z£ﬁ%é2ﬁmﬁﬁﬂﬁ@mﬁ Zhz
HoFE LCiE, H1ED32006)Tid, RC GO i KISEBMFEE L ORKIEMEOT &
DHRTHZ L, F7 - FH)1(2009) Tl RC WO OO AN FRE AN S35 2
LR EDITRINT WD, L ED X 51T, 2 TRl AT O EEVE TR BERIEYIZ IR & 727z
D, MOREED T DA S B OBMELE Lz,
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