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BUHIEEME T, TEERURE O R E I L ) BRO NS (REETEOR S, R
AREO EURS - TUREE, W, 7ARY T o OME - KEX, ISR, ik
HERRIR R FE DAL S, WRNZENBITHR DB 2R OFEROEVIZ LD A HENE) |
W, B D MR BT IS R & Ak 3&“%5Z6&%K6ﬂ53@ﬂé’]@/\7)‘ 4
WZOWTHHT LIz BT, MEIZIE U TARENS ZiAGbE 5k b e FiEx v TE
T HZ &) ZROTVWD., KETIE, FHEEERET VORI XA —2 DR SITHED
X, KFEORMN S OBREIZ L BB~ ELZ EEMIZHNT L, ZEHR/ T R
— X E i VBRI T 2175 2 L2 HBE 5.

REOHMAHZRNEFE LTE, NERHEZ SR, Tie (1) ~ @) ORFaFEhL,
HALBIRE T A DT A — 2 OHIE %hnﬂﬂﬁ“\@%gf”/\b\ﬁ%*ﬁﬁﬁ‘é

(1) BRETRER AT A —Z OARfENEOET UL
(2) FEAEIFET L OREEE K O =B34

(3) £ /3T A—H DA S %58 L - BB
(4) /RT A —H OEBEZH
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41 FRFEPER T XA —F DRWENE DET AL

AT, BRFFEO RN SITE SO TEFR AT A —X OREN S OET IMEEIT .
T MMEORIR L LTz T A —2 %3 41-1 17T

INHDRT A—=ZITHOWT, Abrahamson et al. (1990)% B &I A NS 20T 5 &,
T ARY T ¢ OALE (GRS J7A) 13X parametric uncertainty 7287 A —2 Th D, 7T ALY 7
A DISTIBE T &, WEMRIRHE, T4 X% A A, B@EEREENAHE (fra), HEREREO E
S X 1% modeling uncertainty 7237 A — X L7 5.
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#4.1-1 BEIRSRE LT T A—X

No. | MRESRI R/ T A =4 DS DIYHR
1 | 7TAXRYT  OOLE GRS J71H) parametric uncertainty
2 | TAXRY T o OIS TE (SR T) modeling uncertainty
3 | WAL modeling uncertainty
4 | A XEA A modeling uncertainty
5 | = EBEGEWIRE  (frax) modeling uncertainty
6 | HUERAEREO FimEs modeling uncertainty
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411 TANXVT 4 ONE (RS FHH) OREENSDOET L

R A AW FEHEME AT (2016) DR IRINTE 4 5 L 72 MUE O R E) THIFE (Tvie))
(LIBE, TLoe) EFES) 12XDE, TAXRY T OMEITIMIEEIZNT oA XL ST
D EPNRENTWD., 22T, ARBTIET AV T ¢ ONLE 2 W i oo 912l & 9
HETNEIAREEZZ, RS L TTANY T f OMEEZELS TIHHA LIRS T8
BEEZD. BIREICIE, TARY T 4 OMNEZELS THHEIET AT T 4 O LIES
ZEEET VO FIMRSIC I, TAXRY T 4 OMEEZRS THHEET7 AXY T 4
O TR S 2 WifEE T L O PRSI B I 5.
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412 T ARY T 4 OIENE T RORHEN S DET L

T ANRY T 4 DI T & Adoa 1%, BEBIEEICIST AMHEER ALY hLro L~
(AR, TEBEWIL~L) LIER) A, 7 AXY T ¢ OFEBOSME r, BEFEICBITS
AHED SPHE g2 HWT, TRTERINS (M - ], 2001).

A=4r-r-Ac, - f° (4.1.2-1)

EREY, TARY T 4 OfRERE (S: = 2 NEDLZRTIUE, BREB L3722
U7 4 OIS T EICHAIT 5. —J, BT — A2 F Mo (Nm) &5 EH L~UL A (Nm/s?)
ORENTITHE - fth (2001)i2 LY, LN ORBRPIBERANEON TS,

A=246x10" x (M, x10")"? (4.1.2-2)

&2 AT, HMusHARERBIAISERT (2017)1% 1995 4EILEIRFTERHIE) & 2016 AFAEAHIEAR
BECTOHRARENCTHRAE L NEEHERNIEZ XRIZ, RBOT Y —BEEZ AW E
BO7+T—RET Y 7 THLIVEMBAIEIE T A —2 ZBEO I HIE L, &
HLTWD., 22T, ARSCIE, &I, HUSHEBRBEAFZERT (2017) 20N 4E, FKBE L 72
PRER AT A =2 2T — 21y b & LT, MEREOBEI L UL Atorward_model 2 FLIE L,
Z OEME - (2001) DFRERAIEIRR AW THIEET — A > M bBEE SN A EHI LR
JV Apan EEEIICRRRE TH D Z L 2R T 5. RIZ, FHIED Apan lZHT 2 Atorward_model
D (= Atorward_modet/Apan) DTV, FEMERZEZ G L, £ OEMERZEZ ARG CER
T D Aoa DRHENS T 5. 128, KRFO Aoward_model 1T FREHWTEHMET 5. 22T,
rsmea i & dosvea i I3 ILZE 4 SMGAI DO IEFEDEAMM RS, IS TEEERT.

2
Aforward_model = (z ASMGA_i ) (4-1-2'3)

2
Aswiea_i =47 Tsven_i - AOsvea_i - B (4.1.2-4)

¥, AR CTHEO ST B 23561, LD O SR O ML) & 2 o HiFE O
Aforward_model CE T 5.
% 4.1.2-1 (T HUSHARBRETT ST (2017)30E, M LR & SOk e R L, ABE 0T
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— Aty MIED LR EAE “EHATRYT. 209 hH, “EHATARR THZIC
IN4E, #EER L 723k (Miyake et al. (2006) & L - fth (2011)) Td 5. 2003 4FE i IRALER D
BRI U AR BREEAFZET (2017) TH M T 2 ARSI TV W e, RgETh T
— Xy MIE DR, 2005 -4 i VR P8 5 1R O i KRR, HUSHIARBREEAFSEAT (2017)
TZEIT H AL TV Suzuki and Iwata (2006) D SMGA DIt k& T &M 1.4 MPa TH VY, Z OfE
I OHIEE D SMGA IZHEARIEFIT/INSUVME L 7o > TV D720, RIRFTCIET —4% 1 v MZ
EWiginolz. WoT, ARHTOT—X 1 v ML 2l #E 3L THRTH 5.

F 4.1.2-2 (KRR TR D HUs AR BR RTS8 AT (2017) 234, &8 U 7= & SR O PN
BN T A= EZNHDNRT A—ZNBIFTZ Atorward_model, 5 & OME -l (2001) DX ERAIES
FRREHEBE—A Y MDD EEIIND Avan 2T, X 4.1.2-1 IZARGEHCHZRIZ LTz 21 #IFE
DOHIFEE— A ML Atorward_model D BIFRZ ARHL, 1 - fll (2001) DARRERAI BRI A AEFLT 2 15

WCHAWEHEOMEE— A v b EERM L ~L 2 B, RBRBIRRE KR, RERIBER
KOfE, P afCRd. ARFFCHZIC Lz 21 HigB i3 - it (2001) 07 —% & v &
L TR T/ NE L, -l (2001) DORRBRIIBHR RO, FICA> TS Z RN
3D, [X4.1.2-2 12 21 HIEE D Asorward model/Apan % 7k L, AREAD FEHR T 21 MR O R (n -5,
TRED FRk TR HAE R 2 7R T, Atoward model/Apan O F-FJ13 10002 (=1.05) TIZIF 1 123
W, ZOZENLARBFTTHWET =2ty EBELILD Atward model 1E, FEEIRIITITIE
f (2001) DFEERAVBEBRR D HEEND Apan LRIFRETH D LW 2 5. T2, FHHERER
1% 10002%012) (=1.32) %#157-.

INHLDREREEEZ T, 7AXV T 4 DISHBETEIZLV I ENLFHME SN D EE IR
EEZZ, RHENSELTT AN T 4 DIGNETEEZRELSTLIHEG /NS TI56%
Ex L. BEMICE, TARY T ORNETEEZRELS TLHHAIILVVERLFMi S
DISHE T &EZ 1325 LI b0, /NS THHAIE LV EDL LRI SN D IS Ik F &% 1.32
TRRLIEBDOERET D.
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#4.1.2-1 HUSHAREREEAFIERT (2017)23N4E, HEPR L 72 SR
OO : KiggtoT —4% 1~ MIE D 53K,
©: AFTTHZIZT — % &~ MTEM L 7= 3Tk,
X ARRETCT — &t v MIE DD 7 3k

HE% Mw ik IRET I SR
20164E4 B 16 H01RE25 D BEAME (AE) | 7.0 |ooe Rt fo2016) ©
Irikura et al.(2016) O
19954 £/ IR B g Hh R 6.9 25T - A&(1997) O
e _ %:7(2008) O
2008 EF - EINEHE 6.9 [ S AEEAE 5
Kurahashi et al.(2008) O
s - Maeda et al.(2008) O
20TFRER SR 57 [ Voshimi and Yoshida(2008) | O
""""""" @ - fe(201) | O
RN - ZH - 1B(2011) O
5 2011&*5%%;&@ U @i‘mb_:( 66 """""" -S“o;'ﬁe-i-e-t-é-lu(-z-o-]:é) """""" O
e - 2% - 2(2008) O
6 200731 B b 6.6 |- s 5&«»%%»(26&5) vvvvvvvv 5
7 20004 SEXB A SR HE 6.6 BHE - th(2002) O
Suzuki and Iwata (2006) O
8 20054F 2 B 75 5 HO R 65|  Miyake et al.(2006) ©
""""""" #m - f(2011) | ©
9 2004F 375 B rhigkih 2 6.5 Kamae et al.(2005) O
10 2014 RBEIIBOME 6.2 &15 - #t5(2016) O
11 011ERBE - FEEEEMREOME 6.2 Somei et al.(2015) O
12 | 2016%4AB14R21K260BEAME (BIE) 6.1 H28E R & O
13 2003F B BILEOME 6.1 None X
14 1997438 B R B RILFAOHE 6.0 Miyake et al.(2003) O
15 199755 BB IREBILAI O HE 6.0 Miyake et al.(2003) O
16 | 2016448 15800030 A HE (BT 6.0 H28EER & O
17 20114F #% A BRI OB 5.9 23 - #5(2012) @)
18 19984F & F BRI BB tE 5.9 Miyake et al.(2003) O
19 19974 LA B4 B 0T 5.8 Miyake et al.(2003) O
20 2013 AFAR R AL E O HE 5.8 FH - th(2014) O
. - B1ETAE(2014) O
21 2013%;&&%%{#ﬁ@ﬂﬂ)§ 58 """"""" ;{é&%l‘:“-“:f:é-(-éb-ié—)- """"""" O
22 2004 Bt A OME 5.7 | Maeda and Sasatani(2009) O
23 20005FBRABAFFOME HRARE 5.3 Suzuki and Iwata (2006) X
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+F4.1.2-2 Hulsk AR

iﬁtﬁ%@f (2017)75“[1%, %ﬁﬁ L?‘:jﬁﬁk@/f? A—F , Aforward_model, Apan

2
el e ; S WP LT S
No EQ NAME Reference Avorward_model/ Apan
(Nm) SMGA1 | SMGA2 | SMGA3 SMGA1 | SMGA2 | SMGA3| (km/s) | SMGAL SMGA2 SMGA3 (Nm/s?) (Nm/s?) (Nm/s?)
1 2016448 16 Q01254 A E (AE2) I+ - 13(2016) 4426419 51.8 51.8 100.0 13.6 13.6 134 3.40 8.0E+18 8.0E+18 1.1E+19 1.6E+19 166419 1.9E+19 0.88
Irikura et al.(2016) 224.9 13.9 3.40 L7E+19| — _— 1.7E+19
2 19954 K/ B R 2T - AB(1997) 3.30E+19 | 176.0 64.0 64.0 8.6 16.3 8.6 3.50 9.9E+18 1.1E+19 6.0E+18 1.6E+19 1.6E+19 1.7E+19 0.95
3 Q08EETF - SHNEHE £1(2008) 2726419 46.2 46.2 13.8 13.8 3.50 8.1E+18 8.1E+18 1.2E+19 126419 16E+19 073
H2TE R & 91.1 21.9 12.8 16.7 3.40 1.0E+19 6.4E+18 _— 1.2E+19
Kurahashi et al.(2008) 39.7 13.0 25.8 10.3 3.40 1.3E+19 3.0E+18 1.4E+19
N 2007 BB BT Maeda et al.(2008) 1366410 27.0 27.0 15.2 46.9 375 46.9 3.50 2.1E+19 1.7E+19 1.6E+19 3.1E+19 1L7E+19 136419 134
Yoshimi and Yoshida(2008) 98.0 48.0 9.4 15.6 3.50 8.1E+18 9.4E+18 1.2E+19
ShER - t2(2011) 51.8 23.0 23.0 20.0 20.0 10.0 3.50 1.3E+19 8.3E+18 4.2E+18 1.6E+19
5 20116 1B.S EEE Y O HE S - 3(2011) 0.58E+18 39.5 39.5 14.6 14.6 3.40 7.5E+18 7.5E+18 _— 1.1E+19 LOE+19 L1E+19 0.89
Somei et al.(2015) 54.7 389 10.0 15.8 3.30 5.7E+18 7.6E+18 9.5E+18
6 20074258 18 ch Bh b A48 - #5(2008) 0.30E418 30.3 30.3 25.4 23.7 23.7 19.8 3.40 1.1E+19 1.1E+19 8.2E+18 1.7E+19 L6E+19 L1E+19 139
WA - #7:(2009) 36.0 36.0 20.3 19.5 14.8 19.5 3.40 9.6E+18 7.3E+18 7.2E+18 1.4E+19
7 20004 BERIEF AR HEEE BE - 4t2(2002) 8.62E+18 | 288 28.8 28.0 14.0 3.50 1.3E+19 6.5E+18 1.5E+19 1.5E+19 1.1E+19 1.34
Suzuki and Iwata (2006) 41.8 10.7 3.50 6.0E+18 _— 6.0E+18
8 20055 1@ R 78 /5 P HE B Miyake et al.(2006) 7.80E+18 | 64.0 17.0 3.50 1.2E+19 1.2E+19 9.4E+18 1.1IE+19 0.89
SBE - 4t (2011) 100.0 133 3.50 12E+19|  — _— 1.2E+19
9 200443778 R Pt E Kamae et al.(2005) 7.53E+18 | 75.0 16.0 7.0 20.0 3.50 5.3E+18 6.9E+18 8.7E+18 8.7E+18 1.0E+19 0.84
10 2014 REFEILEBOIE 218 - 2(2016) 2.76E+18 | 59.9 9.4 3.30 56E+18 5.6E+18 5.6E+18 7.4E+18 0.76
11 2011ERHFR - FIBREHHEOME Somei et al.(2015) 2.13E+18 | 20.0 18.0 12.6 18.2 3.50 49E+18 6.7E+18 _— 8.3E+18 8.3E+18 6.8E+18 1.22
12 2016448 148 21B26 0 FEAME (RIEE) H2BE R EH 1.74E+18 | 16.0 16.0 15.3 15.3 3.40 5.0E+18 5.0E+18 7.1E+18 7.1E+18 6.4E+18 1.11
14 1997438 B 1R & RALFE R 0 HE Miyake et al.(2003) 1.40E+18 | 420 17.0 3.10 7.5E+18 // 7.5E+18 7.5E+18 5.9E+18 1.27
15 1997458 IR B R IR 0 MR Miyake et al.(2003) 1.22E+18 | 120 12.0 239 239 3.10 5.6E+18 5.6E+18 8.0E+18 8.0E+18 5.7E+18 1.41
16 201654 5 150008503 fEAHE (A1) H28FEHREE 1.06E+18 | 33.6 7.8 3.50 39E+18 — 3.9E+18 3.9E+18 5.4E+18 0.73
17 201148 #3fd R R EBO IR It - 3(2012) 8.38E+17 | 26.6 16.9 3.44 7.3E+18 // 7.3E+18 7.3E+18 5.0E+18 1.46
18 19984 & F B AREIL B DR Miyake et al.(2003) 7.53E+17 | 16.0 20.3 3.50 TI1E+18|  — 7.1E+18 7.1E+18 4.8E+18 1.46
19 1997F 1IN R AL E D HE Miyake et al.(2003) 5.66E+17 | 14.4 20.5 3.10 5.3E+18 // _— 5.3E+18 5.3E+18 4.4E+18 1.21
20 2013FEMFAR RIS D HE S - t5(2014) 5.54E+17 | 17.6 16.4 3.44 5.8E+18 5.8E+18 5.8E+18 4.4E+18 1.33
21 20134 KR BIHE DR _E*%%A{E(ZOIA) 5.47E+17 81 %0 340 21E+18 21E+18 2.6E+18 4.3E+18 0.60
It - 13(2015) 12.3 11.2 3.40 32E+18|  — _— 3.2E+18
22 20044 REFH S R ER O HE Maeda and Sasatani(2009) 4.44E+17 7.8 2.0 129 219 3.00 2.3E+18 2.5E+18 3.4E+18 3.4E+18 4.0E+18 0.84

(3%) No.2 0 1995 4 [ i L B s 1= D i 5 & — A o 1T Sekiguchi et al. (2002) DIETH 5.
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1E+21

1E+20

1E+19

A [Nm/s2?]

1E+18

1E+17

1E+16
1E+13 1E+15 1E+17 1E+19 1E+21 1E+23

SeismicMoment[Nm]

4.1.2-1 ﬁ*ﬁ?ﬁf?% %ﬂfl’_iﬁ]‘%%b‘){ Ve }‘ CE @%Eﬁ L~y (AfonNard_model) %jlﬁj‘—hfﬂf\‘ L/,
H -l (2001) ORRERAIBIRAE KA, %, o a it eoRd. BT -t (2001) 23 FRER
HIBMR R AR T ARSI W HIEOHIE T — A >~ L EE I L ~L DO EE.

4.1-9



10.0

v (O
N HES
HH
Pl
(© i
ol
d 1
M H
P
Qli
bl
P H
9
Pl
N HO)
I1d
1o
L 9
o8 i
ol
_O_
m"u_
I
P
1 D1
1%
e
[ ]

:mn_< \_w_uoElEmg._ou_d«

L]
o

E i Oz B L Rk B 00T
EHOIL) S INIET0
EH olzIF g YeT0
EodrIFE O MIrL66T
E i 0tz k3 M i £ 358661
E i Oz B g ¥ 35TT0C
(EhY) ZahyzEe0£I00HST HY39T0C
E ozl S w3 H S L66T
EHolzbIrE S H HeFL66T
() Eyi§EITTcaYT H45910C
EHOTLEEEHYE - SEFHTII0C
EHolRIFEH T HrIoc
SR b T B rv00T
2y ot L B i [ BY 27S00C
2 iy ol B i X S 470002
2 ot Y b T B 3T L00C
EH0o (EHEFEHTI0C
EWFFEHL00C
EE M= - £235800C
B sl B i 13 S Si66T
(E) Ehry3EStEiT0HITHy39T0C

A 12 BT &

i

TREMR & RABRIT TN Z AR

4.1.2-2 %\ﬂﬂ%@ AfonNard modeI/ADan-

PEIHEE R AR AR T

4.1-10



41.3 HWHERIRERE O RN S DET L

LY NSRBI DI ERREE V. (kmis) 1X, Geller (1976)i2 & 5 HiEERATE O S L B
(km/s) & DREERF

V. =0.72-4 (4.1.3-1)

DREINTND.

ARRFITIE, 4.1.2 1 &[RRI HUsCHBE BRBEAFFERT (2017)A3NEE, HEHE L 724 SCHRD /3 Z
A=A T —HYy b (2L HE3L CH) & LT, MBERIC VI 2HEE L, ZOR S L
EHFEEEZRD D, 28, FA—MECTEEO NS 25E81F, T b O kO FEITFE)
X OHEO VIR LT 5.

# 4.1.3-1 IR TR S Hus AR BREEAF JE T (2017)23N4E, HEHR U 72 &SRO /N T R
— B L ZN DB VIR o, [ 4131 IS ARRFHCRIEIC Lz 21 D VB &R L,
IREDFERRT 21 WEOEMT T, RO S CEAHEERZEZ ST, VB D413 0.78,
EH)+HENE(R 21 0.78 + 0.09 2 15%7-.

INOORREBEX T, V=078 AL E X, RN S & U CHHEEREHE 2 5H <
TEHEHALEL TG E%E 25, BRI, # T 25813 V=087, B T554
TV =069 & LTEHRETD. 723F, KEFI TR VB D) (0.78) 1T f=3.4kmls &1
ETDHE, T Vr=265kmis &£ 725 . ZOffi%, Somerville et al. (1999) 7 PN izt N
HIEE 15 HIEE OREURREHE OAE (273 kmis) LRSS L TV 5.

Fo, LIEICBISTA RXEZA L TiTa x WN, TRENDD, MREGHERE O RN
EEZEZTYH, T4 A4 A MK ESERNED LT 5.
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#4131 HUSCHURBRESAIFERT (2017)72508E, BB L 72530k g & Vi, BROEND

H 515372 VB
B Vr Vr/ B
No EQ NAME Reference e
(km/s) | (km/s) Vr/ B R
1| 2016£4516801B255 A (K5 St fel20e) 340 280 0.82 0.82
Irikura et al.(2016) 3.40 2.80 0.82
2 19954 F & B F R = 2T - A&(1997) 3.50 2.80 0.80 0.80
o _ %31(2008) 3.50 2.70 0.77
3 P00BEAT - EHPELR HTEERES 3.40 2.80 0.82 0.80
Kurahashi et al.(2008) 3.40 3.10 0.91
A 00T LT B l\./la‘eda et a|.(2-008) 3.50 2.80 0.80 0.81
Yoshimi and Yoshida(2008) 3.50 2.80 0.80
B - f1(2011) 3.50 2.50 0.71
5 2011678 B BT Y 0 HE %#_ - f5(2011) 3.40 2.90 0.85 0.85
Somei et al.(2015) 3.30 2.80 0.85
s NN 15 - #1(2008) 3.40 2.80 0.82
6 2007EFB R hhithE T TR (2009) 3.40 580 35 0.82
7 2000 SERE A AL E AEH - 5(2002) 3.50 2.75 0.79 0.79
Suzuki and lwata (2006) 3.50 3.15 0.90
8 2005512 B a /5 = Miyake et al.(2006) 3.50 3.10 0.89 0.83
i - #(2011) 3.50 2.50 0.71
9 2004438 B b= Kamae et al.(2005) 3.50 2.00 0.57 0.57
10 2014 FRFEILBOHE 215 - h(2016) 3.30 2.30 0.70 0.70
11 20115 RFE - IBEES hInE Somei et al.(2015) 3.50 2.50 0.71 0.71
12 20164 5 14H 215260 AEAHIER (BIR) H2BEEREE 3.40 2.80 0.82 0.82
14 199743 8 FE B & 9L R ER 00 M2 Miyake et al.(2003) 3.10 2.50 0.81 0.81
15 199755 AR RS RILFEHOHE Miyake et al.(2003) 3.10 2.30 0.74 0.74
16 201654 A 15H 005035 HEAME (BIE) H28EEmRES 3.50 2.00 0.57 0.57
17 2011554 BEE DHE ZH - #h(2012) 3.44 2.80 0.81 0.81
18 19984F 5 F ERNPEd D HE Miyake et al.(2003) 3.50 3.15 0.90 0.90
19 1997F (LA RILE D HE Miyake et al.(2003) 3.10 2.79 0.90 0.90
20 2013FHAREAL B HE $F - (2014) 3.44 2.40 0.70 0.70
21 20134 KK B (35 00 HEEE éﬁﬂ\1§(2014) 3.40 2.40 0.71 071
3t - (2015) 3.40 2.40 0.71
22 20044 B A #b 75 R ER O IR Maeda and Sasatani(2009) 3.00 2.70 0.90 0.90
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414 TA RXEA LORENSDET UL

LY BIZBITET7A4 X4 A L TiE, FRAPIREINTWS., Z2C, WIZTAXY 7 418
BWIZBW T T AR T o ORE L, HRERICBWTIINESEOIRTH 5.

T, =a-W)N, (4.1.4-1)

Ly EORT, dikt - HE (20000 THOTA ZZA MEa=0500RmEnNTWS. —F, K
[ « fl (2003)IZ LA, BT - fth (199)IC K A EHAAEDLEEHWELAIL, Y Ialb—v
3 VIRNTIC X DR BRI ER A e b B FBLCE 5 o & LTIE, WNFEHIGE (4 HIGR)
TiX02 ~ 04RRELLHD.

ARRFITIE, 4.1.2 T & [FERICHUS AR BR T 0T (2017)23U4E, 68 L 7= & SCiikoD /8 7
A—H T =Ky b QL HE3L ) & LT, MBI a Z2EH L, TOREMR Y L
WlRZEZRD D, ok, F—MHETEEOIMRNH 5561, Fi D OSTIROEIR %) %
ZTOMED a LT 5.

K ALALICABFT CHWA K LB D /NT A —H &, TNONDRETE o 2T, X 4.14-1

Z2QLHED a R L, FREOIFIERRT 21 HEBEORIN L, FREO SR CPSHERERE 2 R
ﬁia®$wia%pﬁ%ﬁﬁﬁ%ia%+mn%%k

INOORREMEX T, a=023 ZHEAREEZ, RHENSE LT adV/NI0 (T 3EY)

LAl aBREN (TIAEW) 685525, BEMICE, ar/bhawn (Tr3EY) HEIE
a=023-010, a ZRKEWV (HEWV) HAITa=023+010 & LCHETS. HL, =2
TR L 72 a OSFEECIEAEFFEIL SMGA D T, & W, Vi balfi L7 b D ThH D = & &
KT, FHEHM Gritiy s ) — BEgE) OMEERMECHVS o &35, EEBM %
g OMBEHFHMECTHND alZL Y ETREN TS 05 2HEAL L, RS TE
BT OERERZDHE SMGA D7 — Xty M LETERERFZE (0.10) ZHW5. BAER
Wi, a 2 EW (T3 A3 a=050-0.10, a 8KEW (T AEV) HE1E a =050
+0.10 & LTRET 5.

¥, TARXZALIALA)KTRLIZED IV OB TH LD, Vi ORENS & %
ThH, IS EL2NW D LT 5.
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% 4.1.4-1  Hs RS

BEWFZERT (2017) 3 UNAEE, HEER L 7= kDX T A —H L a

My (F-net) Num. time SMGA width Rupture Velocity ai Rupture Velocity ai
No EQ NAME Reference of (s) (km) (km/s) (Tr=ai - Wi/Vri) (km/s) (Tr=ai - Wi/Vri)
(Nm) SMGA | Trel [ Tre2 [ Tre3| W1 | w2 | w3 vrl vr2 Vr3 al a2 a3 ESMGA® | EXD | SSMOAD | L3
ey | BTES | SiTES | SiTES
] 2016448 16015255 FEAE (AE) S - 1th(2016) 4.49E+19 3 0.60 [ 0.60 | 0.60 | 7.20 | 7.20 | 10.00 2.8 2.8 2.8 0.23 0.23 0.17 2.80 280 0.21 0.19
Irikura et al.(2016) 1 0.80 13.00 2.8 0.17 2.80 0.17
2 19954 i B g R 25T - A&(1997) 3.30E+19 3 0.60 [ 0.60 | 0.60 | 16.00 | 8.00 | 8.00 2.8 2.8 2.8 0.11 0.21 0.21 2.80 2.80 0.18 0.18
3 2008ELF - THAEHE %51.(2008) 2. 72E4+19 2 0.40 [ 0.40 6.80 | 6.80 2.7 2.7 0.16 0.16 2.70 975 0.16 0.15
H2TEEREE 2 0.49 [ 0.18 6.75 5.40 2.8 2.8 0.20 0.09 2.80 0.15
Kurahashi et al.(2008) 2 0.70 | 0.60 6.30 | 3.60 3.1 3.1 0.34 0.52 3.10 0.43
‘ 2007 E AT B M Maeda et al.(2008) 1.36E419 3 0.90 [ 0.90 [0.90 | 5.20 | 5.20 | 3.90 2.8 2.8 2.8 0.48 0.48 0.65 2.80 980 0.54 0.34
Yoshimi and Yoshida(2008) 2 0.60 [ 0.50 9.90 | 12.00 2.8 2.8 0.17 0.12 2.80 0.14
bHE - #2(2011) 3 0.60 | 0.50 | 0.50 || 7.20 | 4.80 | 4.80 2.5 2.5 2.5 0.21 0.26 0.26 2.50 0.24
5 SOILEIEE B Y M %#_- ft5(2011) 958E+18 2 0.36 | 0.36 6.28 | 6.28 2.9 2.9 0.17 0.17 2.90 285 0.17 018
Somei et al.(2015) 2 0.48 | 0.49 6.75 | 7.20 2.8 2.8 0.20 0.19 2.80 0.19
6 2007445758 18 ch b o 218 - #5(2008) 0.30E+18 3 0.50 [ 0.50 | 0.45 | 5.50 | 5.50 | 5.04 2.8 2.8 2.8 0.25 0.25 0.25 2.80 278 0.25 0.23
iR - #7(2009) 3 0.50 [ 0.50 [ 0.30 | 6.00 | 6.00 | 4.50 2.8 2.8 2.7 0.23 0.23 0.18 2.77 0.22
7 20004F B ENE 7 ER3th R B - #8(2002) 8.62E+18 2 0.60 | 0.60 6.00 | 4.80 2.5 3 0.25 0.38 2.75 2.75 0.31 0.31
Suzuki and lwata (2006) 1 1.96 10.20 3.15 0.61 3.15 0.61
8 2005F 42 [ R 78 5 R Miyake et al.(2006) 7.80E+18 1 0.40 8.00 3.1 0.16 3.10 2.92 0.16 0.30
thER - f2(2011) 1 0.60 10.00 2.5 0.15 2.50 0.15
9 20044FHT8 R PR Kamae et al.(2005) 7.53E+18 2 0.60 | 0.40 10.00 | 4.00 2 2 0.12 0.20 2.00 2.00 0.16 0.16
10 2014 RERILBOHE 218 - #5(2016) 2.76E+18 1 0.40 6.92 2.3 0.13 2.30 2.30 0.13 0.13
11 2011ERFHR - REBBEMNAOHE Somei et al.(2015) 2.13E+18 2 0.45 [ 0.44 5.00 | 6.00 2.5 25 0.23 0.18 2.50 2.50 0.20 0.20
12 201644 8 14 A 2185265 Be A (7 H2BEEHREE 1.74E+18 2 0.24 1 0.40 4.00 | 4.00 2.8 2.8 0.17 0.28 2.80 2.80 0.22 0.22
14 199743 IR SR FEIBOME Miyake et al.(2003) 1.40E+18 1 0.50 6.00 2.5 0.21 2.50 2.50 0.21 0.21
15 1997458 B R S R EBDHE Miyake et al.(2003) 1.22E+18 2 0.50 [ 0.50 4.00 | 4.00 2.3 2.3 0.29 0.29 2.30 2.30 0.29 0.29
16 201644 815000030 BEAHE (FTE) H28E E iR & & 1.06E+18 1 0.40 5.80 2 0.14 2.00 2.00 0.14 0.14
17 2011 F ERE RR B O HE Fet - th(2012) 8.38E+17 1 0.40 5.16 2.8 0.22 2.80 2.80 0.22 0.22
18 199855 F B AREIL A D HE Miyake et al.(2003) 7.53E+17 1 0.32 4.00 3.15 0.25 3.15 3.15 0.25 0.25
19 1997 1O R E D HhE Miyake et al.(2003) 5.66E+17 1 0.28 4.00 2.79 0.20 2.79 2.79 0.20 0.20
20 2013EMFARRAL B O HR ZHF - h(2014) 5.54E+17 1 0.30 4.20 2.4 0.17 2.40 2.40 0.17 0.17
1 P T——— gﬁ%“?(zom) 5 4TEA17 1 0.15 2.85 2.4 0.13 2.40 210 0.13 018
S - th(2015) 1 0.35 3.50 2.4 0.24 2.40 0.24
22 2004 B A A FEER D HE Maeda and Sasatani(2009) 4.44E+17 2 0.40 [ 0.40 2.80 | 1.40 2.7 2.7 0.39 0.77 2.70 2.70 0.58 0.58
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415 EEEECEWIRE (fna) DO ARFEDS DET VAL

sk AR BRBEAFJEAT (2017)ClE, (4.1.5-1)z=UC/”3 Boore (1983)7D ilmiiiEllr ~ + L 4 — %
E L, EARHEARE A5 aimj\][i*eﬂﬂ RNHIEE 7 HUER O @B W 7 0 V2 — DX T A —H (fax
£s) ZIFHELTWD

P(f) = ———— (4.1.5-1)

ZOFER, REARMEAREIL frax= 7.1 Hz, s=1.37, PFRHZANHIE 7 HZEDOVT frax = 8.1
Hz, s=1.11 15T\ 5.

—J7, &) - M (2003)TiX, (4.1.5-2) X CR4 @GN 7 4 V¥ —Z{E L, BEYA b
DIRFRFLFERD & BT 7 4 N2 — DT A —2 (frax & N) ZFHMEL TS

F(f)=———— (4.1.5-2)

ZORER, PN frax =83 Hz, n=1.92 15T\ 5.

INHDONRT A= ERE L TH 4151 IR L, 5 3 FEOEEER~ V4 —%
[ 4.1.5-1 127~ s AR BR BEAFSEFT (2017) DREAHIEAR (M h o B) 23 ZF iy,
MU HI AR BRIZAFZ0AT (2017) D NBEHIFRNHIEE 7 HIFR DY) (RF OHRE) DBNEEARHIEAE
I HR&EL, T (2003) D (KM O F () NREAHEAEZE LY /&0, [X4.1.5-2

Zi%, HUHOAREREIATSEAT (2017) D REA HIZEASE O ik 7 ¢ L ¥ —\Z6 T Do 2 o
@mﬂiﬁLﬁ7/{/1/5*—@J:|:7i’7ﬁ’9‘” N BIEEIRBEM TV LS.

ARRFTCIE, 42 HiTiRR2 LD IZREAMBARZHE LI2EBROET MLEiTH 2 &,
S HIT[X4.1.5-1 [ 4.1.5-2 L V) Hus AR BREEMFERT (2017) DAEARMBEAE TR Lo &
WHBOEWARFEDN PR b DO TH D Z L 2 E ., HUsHBEBREAMSCT (2017) DREAHIE
ABEEEAREZ 2, S S & U THUSHEER BEMFERT (2017) D NFEHERN HIGE 7 HIFR D
) &N - At (2003)D 2 FEIE A R ETD.
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#4151 &AW DE T AL
e ECHE .
7 T A H— (':‘*) NREFEOMH 51
Z
YN
25 =274 HIE R BRI A ST AT (2017)
FEAR Boore (1983) 7.1
(s=1.37) DREAMBAE
25=2.22 ek AR BR BERF 22T (2017
AHENS 1 Boore (1983) 8.1 ° . PREEFIERT (2017)
(s=1.11) | OWFERIFENHLE 7 HIEE D15
THENE 2 | &I - (2003) 8.3 n=192 F)I1 - fih (2003)
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fmax filter

N

P(f) or F(f)

- BIHEFR (EF)
oor | — POREMERAE 7 HROFY (REAS 1)
~ Fl-f (2003) (REEHE 2)

0.001
0.1 1 10 100

f(Hz)

X 4.1.5-1 &l 7 ¢ L2 —.

ratio of fmax filter

10
) J/
.g \
) — NEEHRAME 7 HEO T/ A EAE
ot Ll — Bl 2003)/meAsemAm i
0.01
0.1 1 10 100

f(Hz)

X 4.15-2 REAHIEARED SR 7 ¢ VX2 —\Z5T 20 2 SO EEER~ ¢ L2 —D

te.
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41.6 HWERAREO LRI ORMEN S DET VL

ARETCHW A M EEET L (42 HiZ M) 13RS 2km T Vs =335 km/s @A Bl D Z
CESEZT, MERABO FIMESIT2km 2R L 45, RiEhS L LTHE %i@@
MRS ZEL THHEAE LIRS TH2HEAE25 2 5. MEFEMITHEEARTS (2009)0 HizE
THHIX CRRESNTWBET VICL D &, WiEET VO BiRES iﬁy%&b\%/ﬁf% 1
km TH5H. ZDOZ D, RS & L THIERARE O FMRESPEWES%Z Lkm & L,

EOSAITHEARL Y 1kmE< L2 3km SRR ET 5.
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4.2 FEAREIRE TV OREE N O MR BT

AHITIE, EFTHIH CTET ML LA /RT A — & OFEEE AT FrE(LERE T v
 THEAERET V] & LTHET S, KIS, ~A 7V v FERETFEZ I TR A
OHEBRIM 2 £ 5. 7k, ATV v RERTIE. EESMIEHRG0 7Y — Btk
BRI & A HUES), E AT ERE 575 (Hisada and Bielak, 2003) | & % #Edh 2 AW T &
FREAT D . BB, A L 7o BRSO e RONGE FE Je OV RO B % BREE R & Hi 5.
7%, HUERENEEANL ClIA R M LS [R U IS IEE T WIC DS W A M E B RET 5.
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O FEAEEET VOWEE

AKRFTCHERT 2 EARABRETT VIIREAMERAEZEZHEEL-bD L5, EAERETT
JVIZLL T O FNECTHEEE T 5.

1) HEE—A2 |
REARHIEEARFE D F-net O (4.42 x 10 Nm) %\ 5.

2) WrfgE7 Lk
HIFRE— AL MO AR -« =% (2001) LV RELHME (8914 km?) 22EIC, WilgET L

FFEIEL 900 km? ( =50km x 18 km) &4 5.

3) WigET AoEm, BRA, RS, iR

Wifge7 VITAAE)IIEZ A RERBAET AL ND 2 DO T A FnbiRDbDE
L, WEIZifitE 27 2> k& B2 Yoshidaetal. (2017)23EH A >/ 3—V a o THLNIZT D 4y
Afi 22 FLIZHHH L 72 rupture area O (18 km) & L7c. B[ & BR41%, Yoshida et al. (2017)
BB, AAW)IE 7 A MIZNER 236°L 65°, HAAETZ AL MIZZE 205° &
72°L L=, %%® 7 A2 h®E X3 Yoshida et al. (2017)® rupture area D & 2 &% (124 H) 1]
B A MI38Kkm, HEAEZ A MI12km T 5.

VIBRIZ L v BTl o THABRET NV O/RT A= EHET 5. (L, ARGHTRiE)
EHEBETHNRNTA=FIZHONTIE, UTFTOFEZE8AT5.

T AN T 4 OfiiE GRS )

T ARY T OEBIIAE)E 7 A M2 2, BEAEZ A M2 1 fEOAEF 3
EREL, BREFMIEIANT VAL EST 5. WS HFRITIE L ¥ B> TZEH R
2725 XD ICRET 5.

T AR T ¢ OIS T (FERh )
LU B> TRET 5.

AR
V=078 LT %.

TARXZA L
FEJRIMA GERte) 7Y — o BEE) OMEERHE THWDS 13023 & L, KA (5
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B riE) OHEERFHMOE THWD a XL B> T05 L35,

JF?J?I {§§iﬁm%' i (fmax)
FEGEET 7 ¢ L 2 —DTHkIE Boore (1983) & L, fmax & s X HIIMIARBRBEAIZTAT (2017)
DREAMBARAED 71Hz & 137 L4 5.

HERATE O _FuiE S
2km &9 5.

K A2- L ITHEFE L ERBRET VORI AT A—F 2L, K 4.2-1 ICEARBRRET L
@%% WK, WiEET VIKERT. X 4.2-1 OMFEEX CHANTHED ML, =
— X A R A . MR B RN O fEIk I X £ 7 L &2 E e K5 12 120 km x 120 km
&L, R LS oo R b X EEIR T I 0O Cik 2 km IR, ERIRITE m s HEER S I o T
4 km [E1BE, 8km [HkE, 16 km [EIfRE & L7z, SRS 664 52 C, WifE R ALEREDS 5 km LA
TAY 135 £, 5~20 km 73 352 A%, 20~70 km 73 175 s, 70km LA BB 2 S TH D (3 4.2-2).
B, OO 7 v—1¥ 2 7% Dreger et al. (2015)% 2% & L7-b DT, A CTILEE
AL T i do S REEAS 5 km LU Z B MBI, 5~20 km % UT BB, 20~70 km % H BREfE & 0
ZlizT 5.

@ HEBERH

HEBFE LI 7Y v RERTIEET 2.0 7 U v RETIE, B 0.5~1Hz
BB RS S U C, EEMIANIRE 72U — B, BRI A TE (Hisada
and Bielak (2003)DI#FEYE) Z WD, 7ok, FAHAZ U — U BIEIE O RMSHRENL S
W O2ERFERE OV TH S 0.63 K200 _FEMTHD EE X, 06312 1/20° % 3
U7 0445 2 W o, R 423 1THEI 7 ) — U BBUE THW D ERGOEH L EHRMED
B 2 77 ﬁ?%%&f%méﬁ&wﬁgﬁﬁ%ﬁm¢ﬁ-ﬁﬁ(mmwﬁ%.

P HRE T T RIS TIHEO b D EH WD . HWE I MEEET VAR 4.2-4,
X 4.2-2 ("7 ZOF T VITHUSHVR SR EENTZEAT (2017) 28 m AN HUE B FEMIC H Wb o &
M U T, KiK-net &4 (KMMH16) O FEEET LV ASBIZLTWD. 0¥, Hatar Y
— U BSE T ORMECITHIEE AR L 2 2 5D Vs = 3460 m/s & & B[R g & L7,

@ HUEEEEAmRS R & B L o bk
I4z3mh&*%ﬁ%ﬁ%?w®%km(E:%k%ﬁﬁ,EK%kﬁF)%fb T
< 21| (1999) & D Lbi (FEITERNMEE, FITHRAHEE) 2R3 . FREAARIC
Jwawwkﬂﬁ 0.15~10 Hz D/ R/SA T g L& —% i L, /K- 2 5l @k%wﬁ%
A LT, e KINEREE 1L SMGA OirfE TR & < 72V, fxr K 1% Forward Directivity 25 F:73
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BONDHMETREL > TWDH. &l - 221 (1999) & D LY T, FRFIZRRILF] - )1l (1999)
DO, AREHUEFE] - 21 (1999) D F-¥Jtle w7, 72k, Ko7 - 221 (1999)Dfx K
TR VI ARG CREAM L 7= Mg 3 5 & B 2 T 14 TRRL TV D, RREHEE, & - 21
(1999) D i & Hiix > AVS30 = 600 m/s &, V5 i T £ /L (5% 4.2-4) D AVS30 = 680 m/s
£V, TETRUEEAR - 21 (2006)7 53K £ 2 i KL O HARIEIEE  (AFpey = 0.90) %
L.

log AF,, =—0.852-log(AVS(30)/600) (4.2-1)
423 OFE LV, BRMEE, BIORE L HIF - 21| (1999) & RGN TH 5.

ZNODRERND, ARG THE LICERRE T VIIEARFEET VL LTHYTHL L F
2.
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#42-1 HEAERREET NV (5—2Z00) OEFENRTA—H
E-%N LS| B fi& RERE
HEE—A b M, | Nm 4.42E+19 F-net
E—AV TS =ZFa—F M, - 7.0 M, =(logM,-9.1)/1.5
7 B T S km? 891.4 S=4.24x10™" x (M, x 107)/2 AB - =%(2001)
BRA | wH)
) 0 205 236  |Yoshidaetal. (2017)DH&F2
1ER 5 72 65  |Yoshida etal. (2017) DH & F2
WEETLES L km 12 38 |[Yoshidaetal. (2017)% 2%
5 |METTLVIR w km 18 18 |Yoshida et al. (2017) DH & F2
g [WEETLER Seeg | km? 216 684
W |HEEFLEE S km? 900.0
= R km 16.9 R=(S/m)**
e H, km 2 2
i Hq km 19.1 183 |Hd=Hs+Wsin(¢&)
53 B | km/s 3.4
ZE o |g/em® 2.7
B u | N/m? 3.12E+10
FHTRY 2 D m 1.6 D=M,/(uS)
WEE—X b Mo eg | Nm | 6.66E+18 | 3.75E+19 [M s0=My * Seeg™’?/ T Seeg®’?
FEHTARYE Deeg m 1.0 1.8 [Deeg=My seq/( 1 Seg)
BIGME T B Ao | MPa 4.0 A 0=7/16 - Mg/R?
SREEL L A [Nm/s? 1.87E+19 A=2.46x 10" x (M, x 10)/2 18 - 12(2001), H28EEREBOFEHLIEL B S
TANRY F 4 OB r km 8.9 =@ /8) - {(My/(A-R)} - B*
TARY 7 4 K S, km? 246.4 S,=nr’
(BE)7 2~ T 1 @it - - 0.27 S./S
f 2T ZRY T 4 ORBIGH g, | MPa 14.6 0,=00,=7/16 - Mo/(r* - R)
5 |AsPmEtE Sasee | km® | 59.1 187.3 |w /4> FEEICHS LTRSS
p |FEEE Foog km 4.3 77 |reeg=(Ss ce/ )?
FTRY & Dy | M 2.0 35 D, weq=& * Deeg £=2
EHIEH 04 | MPa | 146 14.6 Oase=0a
HEE—X > b Mo ceg | NM | 3.65E+18 | 2.06E+19 Mo, ceg= 4 Dy cesSa ces
[ialiy Sa km? 59.1 124.9  |S,1=S, ¢ Sa1=2/3 %S, g0
HHEE r km? - 6.3 ta=(S1/m)?
SRR HE - 08 |- Y1=N/teg
NERYE D.. m 2.0 39 |Dsi=D, e D=y 1/Z ¥) * Da g
S [HEE—4> b Moar | Nm | 3.65E+18 | 1.52E+19 [Moay =My, co¢ Moa1= £ Da1Sa1
P |s=shish 0. | MPa| 146 146 |0,1=0, o 001= 0,4 ceq
w |l |aGamEm a, - 0.23 0.23  |H28FE#RE®E (%3.1.3(1)-3) DHFHLE | H2BEE RS E(R3.1.3(1)-3) DHEHLE
o) A4 X24 LGERLER) Trsa1 s 0.7 0.9 Trsar=as = W,1/V, Trear= s * Wo1/V,
3] a (REH) a - 0.5 05  |LyvE LoE
& 74 X524 L(RAH) Tl s 15 19 |Tia=a; - Wa/V, Tia=a;* Wa/V,
iR i S, | km? - 62.4 S,0=1/3%S, 4o
Bl [mmee no |kt | - 45 1,=(S,0/ )"
L R Py v - : 06 [P—y
Als~ye D.. m - 2.8 Dao=(¥1/Z ¥7)) - Dy seg
S [HEE—X>k Moz | Nm - 5.37E+18 |- Moaz= 1 DaS.z
P lsmhish 0., | MPa - 146 |- 0422= 04 ceq
2 laGamm) a, | - - 0.23 H28E B HRE B (£3.1.3(1)-3) DEkEHLE
54 284 LOERE) Tisa2 s - 0.7 Traz=as - Wap/Ve
a (RAH) a - - 0.5 LyE
54284 L(RAH) The2 s - 15 Tiao= 1 = Woo/V,
HEE—X >k Mo, | Nm [3.01E+18 | 1L.70E+19 [Mgp=Mp cc-Mos cog
ity Sy km? | 156.9 496.7  [Sy=Sseg~Sa ses
= [T~y E Dy m 0.6 11 |De=Moy/(uSy)
EES ) o, |[MPa| 20 25 | 0u,=(Dp/Wp)/(Dy see/Wy) * 0y cep 0,=(Do/Wy) * (7°%/D; sop) *Taseg* TV " 0 seg
B | o (2EH) a - 0.23 0.23  |H284ERE® (%3.1.3(1)-3) DHEHLE
B[54 224 LG2EH) T s 16 16 |Te=a - W/V,
o (RAH) a - 0.5 05 [LyvE
542824 L(ERAH) Tao s 3.4 34 (Tp=o - Wy/V,
R/ SRR - - 0.78 vt/ [H28fFE#EE (%3.1.3(2)-3) OpEHLE
BRI Vi | km/s 2.65 Vr=0.78x B
z Qfis Q - 62{°° 17 (2016)
" W7 4 L2 —DRAR - - Boore (1983) 2016 RERHBAR (H28EEHREE)
SR RERREN foae | Hz 7.1 20165 MR MBAR(H28EERES)
fmax7 4 LR — D~ E 2s - 2.74 2016FREAHRAR (H28FEIRER)
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33°30'

33°15'

33°00'

e gy

32'45'

© __n—t—eu
N

32°30'

32°15'

km

‘_// 50

130°00' 130°15' 130°30' 130°45' 131°00' 131°15' 131°30' 131°45'

32°00" &

BREA HEI
-—>
b S <~ Str.=205° N W < Str.=236° E
LiRFEE2km
LR E5.8km N 5.6km 8 |
—_— = I I )
ASP1 2 ASP1 ASP2 2 X
o a 13
8km X 8km B 12km x 10km 8km X 8km ! ﬁ
E
=
o
i
=
TR 19.1km 18.3km
—— >
L=12km(=2km % 6) L=38km(=2km x 19)

4 4.2-1 BEAERRET VOMEREE & MEDRMAOXSHA (1), EAREET LOWE
7 (F)
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#4.2-2 GRS

TRREEE st o —7
(km)
-5 135 W e a5
5-20 352 T PR
20-70 175 R
70 — 2 -
ot 664 -
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#4233 BABRFEET VO Z ) —BEIE TRV S ERE DT & ERHE OB

TEHE OB L ISR T Rk B EE EEME
HhE
i
. T=4/b
v A b AE Ik /b NLXNWxNT N3
. . c cN3 cN Mo
Mo (3%1) (3¢2)
(Nm)
(Nm) .
(3¢4)
1.01x10%7
ASP1 | 1.52x10% 6x5x5 150 1.00 150.00 5.31
(5.27)
8.39x1016
A I ASP2 | 5.37x10!8 4x4x4 64 1.00 64.00 4.00
(5.22)
e 1.23x1016
1.70x10%° 19x9x11 1375 1.00 | 1375.00 11.12
REIE (4.66)
5.70%10%6
ASP1 | 3.65x10%8 4x4x4 64 1.00 64.00 4.00
(5.10)
HZ= /A
At 1.32x1016
3.01x1018 6x9x6 228 1.00 228.00 6.11
ER (4.68)
S — (3%1) (3¢2) — — (3¢3) (3%¢4)

(3%1) NT 1% UNWrfE%R) V2 L 2 2Bl & 3 5. 16> T, 7 AU T ¢ O/NK L NLXNW

WZEELWA

THD.

(3%2) N3=NLXNWxNT TH 5. {HL,

H ATk

(3%3) cN=cx(NLXNWxNT)¥3 & LT 5.

;Hﬁibﬁ

D NLXNW 13 (3%1) 0y Th 5.

s T BRI D/ NETREEI L NLXNW 2257 AT T ¢ GO/ N £ & 51 Tz 6 D

O%4) BRHBOHMBEE— A2 F mold M, /(IN®) L 22l T 5. B v aNORIEEE

— A N =T a— KeET.

4.2-8




F42-4 HWTHEETET LV

Depth Thickness Vs Vp 0
;5 Qs Qp
(m) (m) (m/s) (m/s) (g/cm?)
0 - 201 201 680 1500 2.1 17 34
200 - 234 33 1640 2300 2.1 45 90
234 - 500 266 2910 4227.7 2.6 91 182
500 - 1000 500 1210 2633.6 2.4 200 200
1000 - 2000 1000 3000 5300 2.4 200 200
2000 - 5000 3000 3350 5800 2.7 200 400
5000 - 10000 5000 3460 6000 2.73 200 400
10000 - 15000 5000 3520 6100 2.74 200 400
15000 - 20000 5000 3690 6400 2.76 400 800
20000 - 25000 5000 3750 6500 2.78 400 800
25000 - 30000 5000 3900 6800 2.8 500 1000
30000 - - 4600 8000 3.45 1000 2000
i |_L=._|_|
500
1000
1500
2000
E
£ 2500
o
3
3000
3500
4000 — Vs
—Vp
4500
5000
0 2000 4000 6000 8000
Vp(m/s), Vs(m/s)
X14.2-2 HiFEEEET L
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33730 33'30'

RS0 5 © e e 2
A ] o e

kkRE 3318

3300 3300’
32°45 32'45'
32°30'

32'30

3215 32°15'

32'00'

32’00

130°00" 130°15 130730 13045 131°00' 131718 131730 131°45" 130°00" 130715' 130°30' 130°45' 131700 131715 131730 131°45'
0 300 600 900 1200 1500 0 30 60 a0 120 150
PGA(cm/s?) PGV(cm/s)

(@) F RN LA (b) FRHE Sy A

.. JoalcHybrid2/SGF_L50_case00 WI_case000/sm1999filace/maxList.osv .. fcalcHybrid2/SGF_L50_case00 W|_case000/sm1999ilvel/maxList.csv
|
10000 Ayl 7 Fa Y Va ¥ 10 0 4_ 1000 1 = 1 ¥ Fa¥a Ve ¥ 10 |
\llw‘_ | E‘l b b b 100 T AW | | él I3 i T
ar 1 AElm [aJaTalV.) Nan AElm ﬁ [aTaTalV.
= S SRl -Tmar i il D OUUV J UCH . Ta oK Ly —OUUY J
1.4
1000 Eaem SN SR 100 e
=~
~ NEINE -
i b el N,
e ks N @ TR RS
£ N \\ g wgé b
S 100 B2 10 3
< N ]
0] il IR N
o i o ]
= ol
10 1
1 0.1

100 100

1
fau?t distance}lgm) fau?t distance(l?m)
(C) HR RIS D L (d) A KIHFE DL

X 4.2-3 EBEIFEAERET LV (F—R00) OfFKMESA (L BRIMEE, £ Kol
FE) ZRd. FRMEIL 0.15~10Hz DR RAXR T 4 B —%fE L, KE2HDH HRE
WHOEZRHAL TS, FEITEARFEET L (—200) OFRKHEEF - 31 (1999)
L obblg (8 KIS, A BOORE) 3. BEOINANIAFHGHLS O HiE )3
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AR, RO ISR - 21| (1999) D15, AR mfidwE] - 2211 (1999) 0D -+ (R
FrRT. ek, H - B (1999) 0 e RN BE I ARG CREM L 72 il 235 & B 2 T 1.4
TRRLTWD. e RHEEILE] - 21 (1999) D E Hik > AVS30 = 600 m/s &, A2 Hi T4
HET /LD AVS30 =680 mis L 0 EEA - 21| (2006)7> 53R £ 2 HAEEIIESR (0.90) ZF LT
W5,
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43 HBNTA—=H ORFENS 258 LI R

AETIZALEI TR LA T A—F DRENE DET WMEDOFERIZEEDSE, NT A—
A LIPS HBRE LR EWEE T VA RN S r— AL LTHEEL, 428 LT
FIECHESRMEZ1T 5. £ 43-1 ICARFOr —2A—EE2 R,

L AT, EEMEU O HETEAL TRV D R - =R (2000)00 3 0 i RERE BB LK
4.3-1 TREN, 4 DONRTA—=EPUETHD. FKxO/3T7 2 —2 OEFEFIEIZLLT OiE
DNTH5S.

SN RaVE RO
t,=1/(rf, ) (4.3-1)

0 RN A 1/ Nt I F B % Kostrov B REIC AT 5 IR 1 (5)
BT RO BEE 25 LIC k0 ABIMICE 25T LR T 5.

TARXZA LT (s)

T =a-W\, (4.3-2)
R HERNE Vi (M/s)
V,=Ac-2f, WV, [u (4.3-3)

INHDNRTA=EZDHE, KT BERFLAL frax DBIEL, 7 A4 XX A NIELTE
HE OB, FRT R0 EEIRIEIL frax & A 727 — /RS2 7 ¢ VX O 3 —F —JF 006
N T, BMEGHEEEORRKLE 2> Tn5S. LirL, ARBTIISHEBE TEO A S
(r—A21 L 22), W RBRHEDOAMNES (F—A 31 & 32), EEEEERTRE (fra)
DARMENS (F—ABL L 52) #Z[ELTH, T HERFMEAMIIZ DL VWb D LT 5.
K, WHEELIEEE O N X 2B BT DML, WiEE EOMEREERE I T 5. it
ST, r—A21 k22, 7—ABLL52DNAT Yy FEETFIETHW S KBS OWHHE
SIEIC K D HEEN, EAERIFET L (B, [7r—200) &FES) TREflh L 7o s 2 %
AT 2b0ET 5. WHEENEOEROA BILE 43-1 1177
42 i TR LT EAEFET VAR, 41 SicET ML LIS RT A—H DRRENE
HEBLILEFNTA—F2FK 4320 5E43121TR L, #4313 ICRENSr—AD T

43-1



TRNT A =R O ERT. [X4.3-2 05X 4.3-6 [IZWEE T LK EIRT.

FERTHY 7V — U BEIE TRV /N ER S (REati 7 U — U B8%0 1%, 7 — A 51 & 52 (&
JE IR (fra) ORFENES r—R) ZER<ETOr—AT, —A200 THW-H D
LRILTHD. 7r—A5L & 52 13mE R BOEW R (frax) 237 — 200 & B2 57280, /N
B OBIEANLT NVRBIe D, (-, /WHIER S 77— 2 00 L8R 508, ORI
T—=A00 LEICHDEHND.

a7V — BEBgE TOERAEDERIL, 7—2 21 L 22 (5N FEO RN S r—
R) BBRSAETOr —ATHr—A00 LALTHD (F423). 7r—A21&221%, AVD
RIS — A 00 E[RIUTH DN, BEMEBOISIBETEN RS0, EREbEHk
X7 =200 nHEDDL. r—A21 L 22 DEREDLEHEE 4.3-14 (TR

X 4.3-7 025X 4.3-18 ICE NN S r—ADFERZ R L, LLFICE T — 2D R %2 RT.

=21 (TAXRY T4 OfE GRS @ %), X437

B4 43-71) D FBIZHRKRME (IR KRMEE, HlCRKKEE) ogfizrsL, TEIZH -
21 (1999)1Z L 2 =R & Dbl (IR RIEE, HICRKEE) 2R3, KO
FHIIAEioK 423 LRI CTHD. TAXY T OMEZERLSTDHZET, TARXYT 4O
BT CRARMENREN L300 s. & - )1 (1999) D BERERIR R & o g,
JE& BB F5 36 L2 10 km FREE X 0 BV HLR CHIE B A K E V.

< 4.3-72)D FB: I — A 00 D KA T 27— 11 O RIEOOSAEZRL, T
BHZ—2 00 &7 —RZ 11 OFRKREO K 2R, B REOLOSAA LV, HES)XWE
®$$@®ﬁﬁfﬁ%P:&#“#é ZhE, TANV T 42 E<THZ LT A
7 DT T OO P BRI SR E) U, W I o0 e BRI O FEIE T A XY T E T RRREEA
@<ﬁétwﬁ%é.it,ﬁmMﬁ&%/%®L%$@i¢éw._ni,Tx«UT
<4 OELE N % Z & C Forward Directivity Zh O 528 % 5 17 0T W EIN (L L T\ A 7=
HEEZBND. RKREDLEIHIE, 7 —2 00 Ay —R) TRAEN K E VST,
AN TIEEVRELBRDLZENBDNS.

[ 4.3-7TRNT KN 2 By D/ — A 00 DHFRLLHEEEINE A7 hV (JlE 5%) 1Cxt3 25—

Z 11 DEHEREZISE A7 bAOt (U, T2 Fvkh) EMEER) ZoRd . MoK
PSR s D AT RV, KERITI AR MVEOY), JRIEARY RO
WHE R =2 R, £ 72, 4.4 fCEEIBIO MES~O FBE 2 it 57201, E#0.05
B~02 BoOEMIFEAND A7 Mt (LI, Zhvge TJEH 01 o A7 hvie) LIE
&) DN LR, A 0.5 B~2 BoEBI#EFND 27 Mkl (B, 2
Z (A 1O RRY ML) EFEER) O L EHHERERZE SR T, AT hLEDF
PRIARHE T 1 LY K&V, F/, A7 MAVEOART YR, BTRTT AR T ¢
DISTETEDORHENS 5 — 2 (Fr—2 21 & 22) R0 B W BOEWHE D RN S o —Z (&1
—AB51L52) OARTYXRIDHREN., ZHUIT AU T ¢ ONEE E L LR RS
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DOEATFHMHAIC Lo TRESER DL LAEHRL TV D.

X 4.3-7(4)\ W& F A BB R OB RINEFE Db, Fe ROk, JEH 0.1 PO AT kv
e, AL RO AT BV OF LS HERERZAE 2R T ZA O ONG, WiE R
BEASITOHIAUE CHIERENI R E < 72D 2 &5, ZHUD, Wil m e S i  H s
T AR T 4 OMENEL 2D 2T, TARV T 4 FTOHBOEILNKREL 2D (5
DEFEXT ANY T 4 EFTOEMOINEL D) BB bND. 22T, r—=*A
00 £ —RA 11 OT AV T 1 £ TORFAEEED T3 2 e RANEE Ot o BafR % X
43-TBNTRT. ZOMNL S, TANRY T 4 L TORBIEREOLN/ NS R 5HET, &
RIEEN LD REL 2D Z B0 5

B, YOy —ATRTRORFGTIE, r—A1L TRLEKERITTHS.

r—2A12 (TAXY T 4 OfriE GRE A - 3, 1X4.3-8

[ 4.3-8(1)> FEtD ] - 2211 (1999)12 & 2 FEBfERR A & DIk L 0, WifE fe B A B
HS DO BRI SV, X 4.3-8(2) D LBt DR AKRMED D534 L v, Wi i o B U< 4 —
A 00 LD H/ISWZ ERGND. ZHUE, T— AL ERFHT, TARY T 4 BELSTHD
ETT ARY T 4 AW EE QAP E) L, Wi m o R OERITT A~ 7+
EFTCOENELS 2570 THS.

X 4.3-82)D FTEDOHRKMOLEE LV, 47— 00 THIEEE R KEN K& WHLE T — 2
12 DFRMEOBEIEOFLE N K E V. ZhTr— R 11 EREEDE 2 05T, WifE i) T
WHILEIX T AR 7 ONLENRLS 72D 2 8T, TARY T 0 £ TOHEEOELN K E L
725 (BOBEIET AR T 4 FTOHEMOLNKEL D) FHEEXLND. F—A
11 LRIERIZ, 7 ARY T ¢ F TORSEERRED kT 2 e KINEEE O e O Bf% % %] 4.3-8(5)
T, ZOMNG G, TARY T 4 £ TORMEBOELNRE R HAT, HEIMH
FENRL VNS IRDZ ENmnD.

X 4.3-8(3)D AT MVELONWENIAEHFH T L X0/, £, AT Mo Z
YR r— A 1L ERERICRE V.

r—A21 (TAXV T4 DI TE - K), X439

X 439D LB XYV, /r— zoo&®wkm R D IZZEMBIIFIE —RRIC 1 LW KX
W3, R D LI ZEBIAICIZIE —AR T 11T, m&b»ﬁ@iﬂi@ﬁ%%fﬁ
<, REMBTIZIEL THSD. AT MLONAT Y F (I —R 110 12 [ZH_TIHEFIT/N
V. ZHUE, T ANRY T 4 OIS T RO AR S ITFEIHRIC LS TIRIE RO
ErbsLE25.

T—=A22 (TANYT 4 DIEHE TR /), [44.3-10
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= A 00 & — R 21 OEFERIY, 77— A 00 &7 — R 21 OHEgHE R & R/ NBARD
T 2770 C, ZOMEMIEr—2 21 LIFEFRLTHAS.

A 31 (EERREE ), [¢4.3-11

X 4.3-112) D B & T LV, HRARIMEEIZFEHHNITT — A 00 ERRETH LN, &K
RIEEE VTN — A2 00 LV K&V, 72, X 4.3-113)D A7 VO3 JE 1
BT LITEWD, A OSMERELVEEMMTLEIVREIV. ZhbDZ &b, MER
FEHREDNHS 725 Z LI X D MBBEI~ORBIET, RAHECHEE 1RO, e RInE
ERLEM 0L ED b REVWESZD. £, A7 MO ARTY X Fr—221 L0 %
REWV. ZOZ &I, BHEREEHEOZITKT 5 HERE O 2 LITFHliRIC L > TR
KB LEERLTOND.

L AT, K43-11Q2)D LB DR FGEE DL OSSR W T, Al)Ilk' 7 A OBEMIT
FRIZR&E < 7po T4, Z OfENIE Forward Directivity 255 0 888 4 52 104\ il (2 6 i
LCW5 Z &2, Forward Directivity 20 5 D B2 % 52 1 F X037V VI IR AS A% 3 D 284k
WU THDH EERD.

A 32 (WEERREEE : i), [44.3-12

X 4.3-12Q)D FBe & FE LV, HRIMELIZFNIEr—2 00 ERRETH DN, K
KIEFE VTN r— A2 00 LW /hEW, F72, [X4.3-12(3)D AT kLD S35 5
T LIS, JEEI 05 MRRE LV REHMITL K/hSwv., ZZ2TDr—200 &7—
A 32 DEHERIL, 77— 00 & &— A 31 OIlERE R & R/NBRA R L TV D 21 T
5.

F7o, X4.3-12Q)D FEEORIGEE DO AFICIBWT, MAHl)IE 7 A b OB CF
WZhEL e TWAD. 2, 7¥— A3 THEk LIZL 51T, ZOfEEkIX Forward Directivity
SR DB Z T WVEEIRICHIG L TR Y, 20X ) 72k CIdmsEFEE o0& kic
B THDHEERD.

T—AA4l (FGARXZA L 5), 4.3-13

X 4.3-132) £ ¥, B RMERPE, SR &L BT/ —2 00 L0 HRE<, [X4.3133)D A
A7 MVERIT M 1 PR CRAZFIZ R E V.

Xl 4.3-13(2) D B DEIGHE D LD ARIZEBWN T, Hl)IE 7 A 2 o g slio
FEIRIE &R E 1T T, A& 7 A > b o B HHIE Forward Directivity %5 50
R Z TR T VIS E LTRY, 20Xk IRERTIEIT A XZ A4 2O L D
EE~OEBIMRT LS 2 5.

r—242 (FARXEZA LK), X43-14
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4.3-14(2) FEE DO FRIEEE DL, HRHE O E $1Z, 57— 00 &7 —A 41D
BWMEEOE(LITR N2, ZOMANE, #EH 7Y — U BEEO A ORERTHIREET
otz £ T, HRHNZ U —VBIIEIC L DM CHW T A4 X4 A 2EBIRT S,
A7) —VBBIETHWS T A4 X2 A LEFEET HERICHWZ a ik, 77— 00 28 0.23,
r—2A 418013 THHDICK L, 7—A 4212033 TH5DH. 7—A00 D a kT 557
— A0 a DX, 77— A 41 73 0.57 (=0.13/0.23) T 5 DK L, 77— A 42 73 1.43 (=0.33/0.23)
Thbd. TOZLEV, a DELOREIL 7 — R 42 DI H/INSE W= DI HET~0 8
X7 —RAR2OFD/NSNEBZ LD, 0B, BEREMEIZL2FMTHW =74 X% 4

ZEETDHEICHW ald, 7—A 0028050, 7 —A 41 7%0.40, 77— A 4273 0.60 T,

=200 D a\ZKT DK —AD a DL, 77— & 41 75 0.80 (=0.40/0.50) TH 5 DIZxf L,
r—A 42 73 1.20 (=0.60/0.50) THDH. ZDZ L LV, a DE{LOREIIFRBEETH 5. if:,
W FE N ED B DFERZ W R DT — A 41 & 7 — R 42 CRIFRE OZEAkIC
D2 EIERER LTV .

r—A 51 (EJABEECERRE (e @ RHEDS 1[G 7 ¢ L % —I% Boore (1983),
/T A— F T HUIS R BRI JE AT (2017)1 X 5 N BEHIER N HItEE 7 HUFE D S D frax = 8.1 Hz,
2s=2.22]), [¥4.3-15

[ 4.3-15(2) & 0 e RIEE O, FAREE D & HIZZEHPICIZE L THRTH D,

X 4.3-15(3) D A7 hLE X0, JEH 01 B LV %@%ﬂﬂ%ﬁﬁﬂfv 1EVDOTNIKREL %
Do AN MO ARZY XL, ZHETORENS T —AZADHEDO LD /NI,

47— A 52 (A B BOEWT R (fmax) « AFEDS S 2 [EISOEEWT 7 ¢ V2 — 1371 - f (2003),
X7 A= HF) - At (2003)D frax=8.1Hz,n=1.11]), [X4.3-16

X 4.3-16(2) & W i KR D LE, HAHEEOLL & HIZEMMICIZIE L THTHD.

B4 4.3-16(3) D A7 ML XV, 0.1 8 L 0 oL AT L K b ha <7
L. AT RMVHODONRT Y X — A 5L L RIBRIZ/ NS0,

r—A61 MERAEO FMES - %), [X4.3-17

4 4.3-17Q2) LV i KIMEE Db, e RKEHEOE 121 LY K& 2o TWah. Lal,
RELBRDBEL, TAXV T4 OMELZELS Ly —X 11 K b/hsv. Zhix, 7r—
A 00 DT AR T 4 FIRS N 5.6 km=<°5.8km THDHDIZKL, ¥—A 1L IZETOT A
ARYUF 4 T2km, 7—A611L46km=<C48km T, 77— 00 D DEALDORRE N r— A
11XV —R26LDHFBNSN=HTHD.

4.3-17(3) L W AT VDN T Y R FIRZ VD, ZOREILT— A 11 L0 H/h S0,
ZhUE, 7T ANRY T 4 EF TORBEERBOZNr—2 11 X0 7 —R 61 OFFHRA/MS W2
Thb.
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X 4.3-17G)2 7 — A 00 & 77— A 61 DT AV T ¢ e EREE D FAZ k32 Fe KR E o
ERT. ZORND T AN T ¢ £ CORMIEREO I 0.8 (52 £ CO/EMEICH £ 5
N, =200 E7r—2 11 OT AR T 4 FTOREHHEOL (X 4.3-7(5)) 1% 0.5 [FEE
FCOFME L 72 DR S 5 5.

r—2 62 (MERAEO FES - ), [X4.3-18

X 4.3-18(2) L KA E DL, FHEDOE E HIC1 L0 /hEL>TWna. Lavt,
INEL T BREENL, TAXRY T A ONEEZERS LT —R 12 L0 77— R 62 DFHP/KE
V. ZOEREE, —A 61 LRIERIC, T ARY T 4 F CTORMEBOECORRE N — A
R EVET—ZAQ2DEBN/NSNWDThS.
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#£431 r—2A—E

or—2A KNS HBET D RHENE D a7 Y — BERE T 1ED
i IRT A=K E x5 BI¥OE O FEhi DA 1 FEhii D A7
00 (EAEFET V) — O O

11 TAXY T OfLE %5 O O

12 (RS Hm) Y3 O O

21 TARY T 4D PN O X (3%1)
22 ISR TR (FEGT)) 71N O X (3%1)
31 H O O (%2)
- AR TR = 5 S k)
41 L 55l O O

TARXGA N

42 & O O

51 T JE B O E M A R 1 O X (3%3)
52 (frnax) R E 2 O X (3%3)
61 HERFE AL O % O O

62 imER S S O O

(%1 SN T EO RN S 2 TF - B (2000) D70 58 EE R BIEIC SO S /720,
WoT, "7y FERFOREEASROHERIT, — 2 00 LR U b DEFMT5.
(3%2) RBUEFREE O AR M S &2 RS - B (2000)00 32 0 38 B Iy R BB SO S 7
25, Wil b O RRERE IR EE 5.

(3%3) & JE A BT AR R O AR D S & AT - E B (2000) D3 0 3 EE RERRT B S0 Bk S
RN AT, NA T Uy FEBREOREEAOHERIL, —2 00 LFECHDOEZHMAT 5.
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£

o

Lyoopaa dis

ol
A:B=2:1

B (2000)0> 3 ) J5H EE IR BE 4.
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#4322 rr—A1, r—A1LROEFR/NNT A= (Fr—A200 &[FLT)

AR LS| B fi& BREHE
HEE—X > b M, | Nm 4.42E+19 F-net
E—AVITISZFa—F M, - 7.0 M,,=(logMy-9.1)/1.5
VB E S km? 891.4 S=4.24x 10" x (M, x 107)*/2 AR - =%(2001)
BHRA | wH)
E ) 0 205 236  |Yoshidaetal. (2017)DH&F2
AR 5 72 65  |Yoshida etal. (2017) DH & F2
WEET RS L km 12 38 |Yoshidaetal. (2017) %%
s |[HEETLE w km 18 18  |Yoshida etal. (2017) DH & F2
g [HEEFLER Seeg | km? 216 684
wy  |WEEFLEM S km? 900.0
= |=me km 16.9 R=(S/m)*®
iR LimRE Hs km 2 2
B |THRE Hg km 19.1 183  |Hd=Hs+Wsin(&)
M |SiEEE B km/s 3.4
B o |g/em® 2.7
B u | N/m? 3.12E+10
FTRY & D m 1.6 D=M,/(uS)
HEE—X b Mo eg | Nm | 6.66E+18 | 3.75E+19 [M sy=My * Sees’?/ T Seeg™’?
FHTRY & Deg | m 1.0 1.8 |Deeg=Mo sor/( & Sece)
BIGBET B Ao | MPa 4.0 A 0=7/16 - Mg/R?
SREEL L A [Nm/s? 1.87E+19 A=2.46x 10" x (M, x 10)/2 18 - 12(2001), H28EEREBOFEHLIEL B S
TARY T 4 DEMEE r km 8.9 =T /8) - (Mo/(A - R)} - B2
TARY 7 4 B S, km? 246.4 S,=nr’
(BE)7 2~ T 1 E@Hitt - - 0.27 S./S
f 2T ZRY T 4 ORBIGH g, | MPa 14.6 0,=00,=7/16 - Mo/(r* - R)
5 |AsPmEtE Saseg | km? | 59.1 187.3 [ oX > FERICES) LTRSS
p |EMEE feeg | km 43 77 |reee=(Ss soe/ T2
FHTRYE D, | M 2.0 35 D, wog=& * Deeg £=2
SNl 0, 5eq | MPa 14.6 14.6 O seg=0s4
HEE—X > b Mo seg | NM | 3.65E+18 | 2.06E+19 Mo, ceg= 4 Dy cesSa ces
[ty Sa km? 59.1 124.9  |S,1=S, see Sa1=2/3%S, oy
iR =S r km? - 6.3 ra1=(S,/m)?
SRR HE - 08 |- Y1=N/feg
A ls~vue D.. m 2.0 39 |Dyi=D, cg D=y 1/Z ¥;") * Da g
S RE—AV b Moa | Nm | 3.65E+18 | 1.52E+19 [Moay=Mo, co¢ Moa1= 4 Da1Sa1
P ls=mmish 0. | MPa| 146 146 |0,1=0, o 001= 0,4 ceq
w| ! atamm) ag - 0.23 0.23  |H28EEHRE®E(53.1.3(1)-3) OHFHAR |H28EEREH(£3.1.3(1)-3) DfEHAE
) 54 X% 4 L(EREL) Trear s 0.7 0.9  [Taw=aq - Wi/, Trea1= s * Wy /V,
3] o (KA a - 0.5 05  |LyvE LoE
& 54 X84 L(RAEL) Toa1 s 15 19 |Tha=ay - Way/V, Tha=a;* Wa/V,
R i S, | km? - 62.4 |- S,0=1/3%S, 4o
B [mmee o[kt | - 45 1=,/ 1)
[ B e e |- - 0w | —
A ls~yE D.. m - 2.8 Dao=(y1/Z ¥7)) - Dy e
S RE—AV b Mgz | Nm - 5.37E+18 |- Moaz= 1 DaSaz
Pl mhish 0., | MPa - 146 |- 0427= 04 ceq
2 laGEms) a, - - 023 |- H28EE#RE#E(R3.1.3(1)-3) D#EHLE
54 X84 L(ERE) Treaz s - 0.7 - Toao=a, - W,,/V,
a (REH) a - - 0.5 LoE
54 X84 L(RA) Tz s - 15 | Toaz=a; * Wap/V,
HRE—X > b Mo, | Nm [3.01E+18| 1.70E+19 [Mos=Mg_see-Mos seq
[ty S, km? | 156.9 496.7  [Sy=Sseg~Sa seq
H [T~V E Dy m 0.6 11 [Dy=Moyp/(uSy)
2 |E£M5H o, |MPa| 20 25 |0u=(D/Wy)/(Dy se/W.) = 04 g 0,=(Dy/Wy) * (1°%/D, so) “ Taso” TV * O se
B | o (2 a - 0.23 023  |H28EEEREE(%3.1.3(1)-3) ngztnE
B[54 224 LG2EH) T s 16 16 |Te=a - W/V,
o (RAM) a; - 0.5 05 [LvE
54 X84 L(RE) Tao s 3.4 34 [Tp=a; - Wy/V,
TRIRAR IR/ SRR - - 0.78 Vr/ B ] H28EE#RE & (R3.1.3(2)-3) DHEHLIE
BRI Vi | km/s 2.65 Vr=0.78x
j) Q - 62057 1575 (2016)
" T4 NZ—DFR - - Boore (1983) 2016 RERHBAR (H28EEREE)
RERTIR B2 Frnax Hz 71 2016 RERBAR(H2BEERER)
fmax7 4 LR — D~ EFE 2s - 2.74 2016 REAIRAR(H28FEIRER)
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#£433 F—RA 2l DEPFARFTA—H

=221 0,(F+10) L5 HfL & REHE
HWEE—X> b Mg Nm 4.42E+19 F-net
E—AVIRI=ZFa—F M, - 7.0 M,,=(logMy-9.1)/1.5
W B R S km? 891.4 S=4.24x 10" x (Mg x 107)/2 A& - =%(2001)
EEZN T
£ 0 ° 205 236
a5 [ ° 72 65
WiEET VRS L km 12 38
B W8 € 7 LIE W km 18 18
g WEETVER Seeg | km’ 216 684
o) HifE € 7L EE S km? 900.0
= |=mes R km 16.9 R=(8/m)**
= Hs km 2 2
B | TR Hd km 19.1 183  |Hd=Hs+Wsin(5)
3 SIEERE B km/s 3.4 {RE
BE o g/cm® 2.7 1E
BItER u N/m? 3.12E+10 u=p B?
FHTRYE D m 16 D=My/(uS)
HWEE—X b Mo ses | Nm | 6.66E+18 | 3.75E+19 |Mg_seq=My * Seeg”’?/ Z Seeq™’?
T i Dy m 1.0 1.8 Dieg=Mo see/ (1 Sseg)
BIISHETE Ao MPa 4.0 A 0=7/16 - My/R®
SEEEEL L A | Nm/s? 2.47E+19 A=2.46 x 101 x (M x 107)1/3 x 10°12 3 - {5(2001), H28 EE & B DFEHLE
TARY T4 DEELE r km 8.9 =(7n/4) - (My/(A-R)} - B° ERI
T AR T 4 B S, km? 246.4 S,=nr’
(B8)7 2~ 7 4 Tk - - 0.27 S./S
f 2T 2R T 4 DEMIEH 0. | MPa 19.2 0,=0 0,=7/16 - Mo/(? + R) x10%%2 A=4rrd 0,828 Y
s ASPET Spceq | km? 59.1 187.3 |74 ¥ FEMEICHS L TR S
p |EELE Foeq km 43 77 |reeg=(Ss o/ T)?
FEYTAY B Digeg | M 2.0 35  |Dsee=E * Dogy E=2
ESyInpl O | MPa 19.2 19.2 Oaseq=0a
HRE—X > b Moy ceg | Nm | 3.65E+18 | 2.06E+19 (Mo, seq= 4 Dy cosSa ceg
i Sa1 km? 59.1 1249 [S.4=S, «p Sa1=2/3% S, eq
Tz r km? - 6.3 - ra1=(Sa1/ )2
R Y1 - - 0.8 - Y1=11/Teq
A [s~uE D, m 2.0 39 [Da=Dy s Da1=(y1/Z ¥%) " Dy seg
S [#EE—xX> b Mgar | Nm | 3.65E+18 | 1.52E+19 [Mgsy=Mg, cog Moga1= 1 D,1Sa1
P |3 0, | MPa 19.2 192 [0,=04 e 001= 0 ceg
m | 1 |acEEs) as - 0.23 023 |H284EEIREE(%3.1.3(1)-3) DHFHLE H28E R &8 (%3.1.3(1)-3) DFEEHLE
" 54 X84 LERE) Trsa1 s 0.7 0.9 Tra1=a s * W, /V, Tar=a = Wyy/V,
#9 a (RREH) a; - 0.5 0.5 Loe Loe
= 54 224 L(REH) Toiar s 15 19 |Taa=a, - Wa/V,
iR i S, | km? - 624 |- S22=1/3%Sa ce
i FELE oo | km? € 45 |- 1=(S,,/ )2
# BEEEL - : o6 |- [P
IERYE D., m - 2.8 - Da=(y1/Z ¥%) * Dy seg
S [#EmE—xX> b Mo, | Nm - 5.37E+18 |- Moso= 1 D284
P |=3ith 0. | MPa - 192 |- 062= 0 seg
2 |acEmn) a, - - 023 |- H284 R 8 (£3.1.3(1)-3) DFEHLE
54 X84 LERE) Trsaz s - 0.7 - Too=a = Wop/V,
o (REH) a - - 05 |-
54 X84 L(RA) Tria2 s - 1.5 -
WREE—A> b Mg, | Nm | 3.01E+18 | 1.70E+19 [Moy=Mg seg-Mos seq
i Sh km? 156.9 496.7  [Sy=Sseq-Sa seg
H |TRYE Dy m 0.6 1.1 Dy=Moyp/ (1 Sy)
2 |E=5H g, MPa 2.7 3.4 05=(Dp/Wy) * (D see/Wa) * 04 seq 05=(Dp/Wy) * (°°/D, sog) * Taseg® Z Vi * Oaseq
| (@A) a, - 0.23 0.23 H28E R E & (%3.1.3(1)-3) O#EFHAE
B 154 254 L(GERE) Teo B 16 16 |Ta=a - Wy/V,
a (REH) a; - 0.5 0.5 Loe
54 X84 LRAS) Tao s 3.4 34 [Tp=a, - Wy/V,
FRIRIR IR R/ SIE R - - 0.78 Vr/B H28E k& & (%3.1.3(2)-3) DEEHLE
BIRIRIE R Vr km/s 2.65 Vr=0.78 x 8
f) QfiE Q - 621"% 11 (2016)
" B EERT 7 4 L& — DFR - - Boore (1983) 2016FREFIBRAR(H2BEERER)
5 B R T IR B AR fmax Hz 7.1 20165 REFHRFR(H2BEERER)
fmax7 4 LR —DNEF 2s 2.74 2016 REFMBAR(H2BEERER)
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#4434 Fr—A22DEFESRFTA—H

=222 0,(F-10) L5 HfL & REHE
HWEE—X> b Mg Nm 4.42E+19 F-net
E—AVIRI=ZFa—F M,, - 7.0 M,,=(logMy-9.1)/1.5
Wi B R S km? 891.4 S=4.24x 107 x (Mg x 107)1/2 A& - =%(2001)
EE asl
£l 6 205 236
1B 9 72 65
WEETLRS km 12 38
B Wi fE € T VIE W km 18 18
g WEETVER Sseg | km’ 216 684
o) /e € 7L EE S km? 900.0
= |=mes R km 16.9 R=(S/m)*®
B | biEE Hs km 2 2
B | TFgs Hd km 19.1 183 |Hd=Hs+Wsin(5)
M |SiEsE B km/s 3.4 RE
BE o g/cm® 2.7 1E
Bt u N/m? 3.12E+10 u=p B?
FHTRYE D m 1.6 D=My/(uS)
WEE—X> b Mo see | Nm | 6.66E+18 | 3.75E+19 |Mg_seq=Mo * Seeg”’?/ Z Seeq™’?
FHTY B Dyeg m 1.0 1.8 Dyeg=Mo see/ (1 Seg)
BRISHETE Ao MPa 4.0 A 0=7/16 - My/R®
EREEL N A Nm/s? 1.42E+19 A=2.46 x 10'% x (M, x 107)/3 /10%1 8 - 1#6(2001), H28 F R & EOFEHLE
TANRY T4 DEELE r km 8.9 =(7n/4) - (My/(A-R)} - B* AR
T ARY T 4 B S, km? 246.4 S,=nr’
(B8)7 2~ 7 4 Tk - - 0.27 S,/S
f 27 ZRYF 4 DEHEH o, MPa 11.0 0,=0 0,=7/16 - Mo/(” + R) /10°*2 A=4mrh o,B%&Y
s ASPET Spceg | km? 59.1 187.3 |4 v FEMEICHS LTRSS
p |EfEEE Foeg km 43 77 |reeg=(Ss o/ T)?
FEYTAY B Digeg | M 2.0 35 |Daes=E * Dogy E=2
ESyInyl Oaseg | MPa 11.0 11.0 O seg=0a
HRE—X > b Moy ceg | Nm | 3.65E+18 | 2.06E+19 (Mo, seq= 4 Dy cosSa seg
i Sat km? 59.1 1249 [S.4=S, «p Sa1=2/3X S, seq
T r km? - 6.3 - ra1=(Sa1/ )2
e Sda Y1 - - 0.8 - Y1=11/Tseq
A lF~uE D, m 2.0 39 [Da=Dy s Da1=(y1/Z ¥%) * Dy seg
S [#EmE—xX> b Moo | Nm [ 3.65E+18 | 1.52E+19 [Mgsy=Mg, cog Moa1= 1 D,1Sa1
P |3t 0, | MPa 11.0 110 [0,1= 04 ceg 0a1= 04 ceg
m | 1 |acEmE) as - 0.23 023 |H284EEE$REE(%3.1.3(1)-3) DHFHLE H28E R &8 (%3.1.3(1)-3) DFEHLE
" 54 X84 LERE) Trsa1 s 0.7 0.9 Tra1= s * W, /V, Toar=a - Wyy/V,
#9 a (REAH) a; - 0.5 0.5 Loe Loe
B 74 254 L(RAH) Toar s 15 19 (Tum=a; - Wa/V, Toa=a; - Wy /V,
i’ ik a2 | km? - 624 |- S,0=1/3%S, v
i FELE no| km? - a5 |- 1=(S,,/ )2
t BEEEL - : 06 |- a—
A D, m - 28 |- Da=(y1/Z ¥ * Dy seg
S Moaz Nm - 5.37E+18 |- Moazo= 1 D2pSa2
P Oar MPa - 1.0 |- Get= Tpay
2 |a(Ems) a, - - 023 |- H284F R 8 (%3.1.3(1)-3) O#EHLE
54 X84 LEERE) Trsaz s - 0.7 - Traz=a * Wyo/V,
a (REH) a, - - 0.5 - L
54 X84 L(RAR) Taz s - 1.5 - Thaz=a; * Woo/V,
HBE— AV b Mg, | Nm | 3.01E+18 | 1.70E+19 [Moy=Mg seg-Mos seq
[l Sh km? 156.9 496.7  [Sy=Sseq-Sa seg
H |TRYE Dy m 0.6 1.1 Dy=Moyp/ (1 Sy)
® |E=iEh o, | MPa [ 15 19 [0,=(Dy/Wp) - (D, seg/Wa) * 04 e 05=(Du/Wp) - (T°°/D, seg) “ Taseg” ¥V * Ouug
| (laEm) a, - 0.23 0.23 H28E R E® (%3.1.3(1)-3) o 0E
B 54 254 L(GERE) Too B 16 16 [Te=a - Wy/V,
o (REH) a - 05 05 Lie
54 X84 L(ERE) Tab s 3.4 34 |Twp=a; - Wy/V,
FRRIR IR R/ SIE R - - 0.78 Vr/B H28EEEiR & & (%3.1.3(2)-3) DHEHLE
BIRIRIERE Vr km/s 2.65 Vr=0.78 x 8
Z QfiE Q - 621"% 17 (2016)
" R 7 1 L 2 — DR - - Boore (1983) 20164EREAIBAR (H28EEREE)
5 SRR B 5K fmax | Hz 7.1 20165 AEFIBAR (H28EERER)
fmax7 4 LR — DN EFE s 2.74 20164 REAIBAE (H28EEHRE®R)
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%435 T —A3LDOEFENT A —F

=231 Vr(Fg+10) n5 | B & BREAE
HEE—A > b My | Nm 4.42E+19 F-net
E—XV FRIZFa2—F M, - 7.0 M,=(logMy-9.1)/1.5
1 i T S km? 891.4 S=4.24x10" x (Mg x 10")V/? AR - =%(2001)
EES # )|
£l 6 ° 205 236
1ER 8 ° 72 65
WigETILRS L km 12 38
5 |MEETVE w km 18 18
m |HEEFLER Secg | km? 216 684
g |WEETLVER S km? 900.0
2 |EMmEE km 16.9 R=(S/m)"®
B | Hs km 2 2
B TR Hd km 19.1 183  |Hd=Hs+Wsin(3)
M (SR B km/s 3.4 1R E
BE o |eg/em? 2.7 RE
ElESS u N/m? 3.12E+10 u=p B2
FHTRY B D m 1.6 D=My/(uS)
BEE A - Mo ceg | Nm | 6.66E+18 | 3.75E+19 [My c0u=Mp + Spup¥?/ % Seors®’?
FHTRYE Dyeq m 1.0 1.8 Dieg=Mo see/ (1 Sseg)
BEISARTE Ao | MPa 4.0 A 0=7/16 - My/R®
SEREL < A |Nm/s? 1.87E+19 A=2.46x10"" % (Mg x 10")? - 2(2001), H28EEWEBOBIDIBL HEE
TARY T 4 OEHER r km 8.9 r=(Tr/8) - {Mp/(A - R)} - B2
T AR F 4 i S, km? 246.4 S,=nr?
(BE)7 AR 7 4 Bt - - 0.27 S./S
f LT 2R T 4 OEMIEH o, | MPa 14.6 0.,=0 0,=7/16 - My/(" - R)
5 |ASPEE Saseg | km? 59.1 187.3 |4 v FEBICLKEI LTES
p |HEEE Teog km 43 77 freg=(Ss e/ )2
FHTRY R Dywe| M 2.0 35 Dy aeg=E * Degy E=2
E vl 04505 | MPa 14.6 14.6 04 ceg=0a
HEE—A > b Moa cog| Nm [ 3.65E+18 | 2.06E+19 Moy cog= 4 Dy coeSa soe
i Sa1 km? 59.1 1249 |S,1=S, seq Sa1=2/3%S, g
EiE S r km? - 63 |- ra1=(Sq/m)"?
ZAHEEL Vi - - 08 |- ¥ 1=N/Tseq
A |[T~yE D m 2.0 39 |Dui=D, e Doi=(y1/Z ) * Dy aeg
S [HEmE—A> b Moor | Nm | 3.65E+18 | LE2E+19 [Moy =M, coq Moa1= i D1 Say
S]] 0. | MPa 14.6 146 |0=04 g 0431= 04 cog
w |l lateEsm a. - 0.23 0.23  |H28EFE#RE®E(%R3.1.3(1)-3) DFEHAE H28E R & # (K3.1.3(1)-3) D#EHAE
) 54 X84 L(EREE) Treat s 0.7 09 [Tea=as Wai/V, Tooar=a - Wai/V,
# a (REH) a, - 05 05 LoE Loe
= 54 X84 L(RAH) Toat s 15 19 (Ta=a, - Wa/V, Tia=a, - Wai/V,
3 i Sy | km? B 62.4 |- S:2=1/3% S, qoq
B [smye ok |- a5 | t=(8u/ 1)
B smean N - 06 |- [P
AlT~ye D., m - 28 |- D=y 1/2y}) " Dyaeg
S [HEE—A> b Mo, | Nm - 5.37E+18 |- Moaz=  D,2S.2
P =3 h 0. | MPa - 146 |- 029= 04 ceg
2 azmm) a, - - 023 |- H284F B4R (£3.1.3(1)-3) OFEHLE
54 224 L(EREER) Tisaz s - 07 |- Tso=a - Wp/V,
a (REAH) a - - 0.5 - Loe
T4 X84 L(REAH) Tiia s - 1.5 - Traz=0a = Woo/V,
HWEE— A b Mgs | Nm [3.01E+18 | 1.70E+19 [Moy=Mo see-Mos seq
Eik S, | km? | 156.9 4967 [Sy=Seeq~Sa e
TRy B D, m 0.6 11 |Dy=Mgy/(1Sy)
2 |=wish o, | MPa 2.0 2.5 04=(Dp/W,) * (D, cog/Wo) * 04 cog 0=(Dp/Wy) * (/D4 cop) *Tacog” TV * Oacon
B | o (EEA) a, - 0.23 0.23  |H284EERE® (R3.1.3(1)-3) D#FHLE
B (54 254 LGaAE) T | s 1.6 16 |Tep=a - Wy/V,
a (REAH) a - 0.5 0.5 Loe
74 X84 L(RAY) Tun s 3.4 3.4 Tap=a; - Wy/V,
IR IR E /SR = = 0.87 Vr/ B H28E ERE#E (3.1.3(2)-3) D EHLE
BURGERE Vr | km/s 2.96 Vr=0.87x 8
Z Qf Q - 6217 14: 7% (2016)
® BENERT 7 4 L Z — DR - - Boore (1983) 20164F AEAHBEE H284E EER 5 )
BERERRE fmax | Hz 7.1 2016 REFIBAR (H28FERER)
fmax7 4 L X —D~EFR 2s - 2.74 2016 REFHESEH2BEEREE)
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#2436 T —A3RDERNTA—H

=232 :Vr(FFg-10) n5 | B & BREAE
HEE—A > b My | Nm 4.42E+19 F-net
E—AV IR Fa—F M, - 7.0 M,=(logMy-9.1)/1.5
1 i T S km? 891.4 S=4.24x10" x (Mg x 10")V/? AR - =%(2001)
I
EMm 0
1ER o 2
WBEFLES L km 12
s WifE € 7 LIR W km 18
m |HEEFLER Seeg | km? 216
g |WEETLVER S km? 900.0
B |Em¥EE R km 16.9 R=(S/m)%®
B | bR Hs km 2
B | Tmge Hd km 19 Hd=Hs+Wsin(5)
M (SR B km/s 3.4 1R E
BE o |eg/em? 2.7 RE
e u N/m? 3.12E+10 u=p B2
FHTRY B D m 1.6 D=My/(uS)
HEE—X > b Mg ceg | Nm | 6.66E+18 | 3.75E+19 Mg cog=Mo * Seg®?/ T Seog™’?
FHTRYE Dyeq m 1.0 Dieg=Mo see/ (1 Sseg)
BEISARTE Ao | MPa 4.0 A 0=7/16 - My/R®
SEREL < A |Nm/s? 1.87E+19 A=2.46x10"" % (Mg x 10")? - 2(2001), H28EEWEBOBIDBL HEE
TRARY T 4 OEELE r km 8.9 =71 /4) - {Mo/(A - R)} - B2
T AN T4 EE S, km? 246.4 S.=nr
(BE)7 AR 7 4 Bt - - 0.27 S./S
f LT 2R T 4 OEMIEH o, | MPa 14.6 0.,=0 0,=7/16 - My/(" - R)
5 |ASPEE Saseg | km? 59.1 oAy FEBICHE LTES
p [BmEEE Teg | km 43 reog=(Sa e/ T)?
TRy S Dysog | M 2.0 Da seg=§& * Deeg & =2
ESiinysl 04505 | MPa 14.6 04 ceg=0a
HEE—A > b Moa cog| Nm [ 3.65E+18 | 2.06E+19 Moy cog= 4 Dy coeSa soe
i Sa1 km? 59.1 Sa1=S4 seg Sa1=2/3%S, g
SR r km? - - ra=(Su/m)"?
ZAHEEL Vi - - - ¥ 1=N/Tseq
A |F~vm D.. m 2.0 D.1=D, o Doi=(y1/Z ) * Dy aeg
S [mEE—X> b Moor | Nm | 3.65E+18 | LE2E+19 [Moy =M, coq Moa1= i D1 Say
S]] 0. | MPa 14.6 041= 04 cog 0,1= 04 seq
w |l lateEsm as - 0.23 H284EF E#RE & (R3.1.3(1)-3) OfFHAE H28F ER & & (R3.1.3(1)-3) OFEFHAE
8 54 X84 L(EREE) Treat s 0.7 Trea=a - Wi/V, Tea=a * W,1/V,
9 a (REVH) a - 0.5 Loe Loe
B FA XEA LRAL) Tt s 15 Toa=a; - W /V, Tia=a - W, /V,
" i S | km? - - S,0=1/3%S, oo
B [smye po| km? | - - =S,/ 1)
B smean v, | - - - =
A[TNVE Do | m - - Dao=(y1/Z¥") * Daeg
S |[mEE—X> b Mo, | Nm - 5.37E+18 |- Moaz=  D,2S.2
P =3 h 0., | MPa - - 0422= 04 seg
2 azmm) a, - - - H28 4 R & (%3.1.3(1)-3) DEEHLIE
54 224 L(EREER) Trea2 s - - Tso=a - Wp/V,
a (REAH) aj - - - Le
4 X84 L(EAY) T | s - - o= a1 - War/ Vs
HERE—A > b Mg | Nm | 3.01E+18 | 1.70E+19 [Moy=Mg_seg-Mos_seq
i Sy km? | 156.9 Sb=Sseg™Sa seg
CRERYE Dy m 0.6 Dy=Moy/(1S;)
2 |E=mmh o, | MPa 2.0 04=(Dp/W,) * (D, cog/Wo) * 04 cog 05=(Dp/W,) + (1%%/D, sog) * aseg® TV * Oaseq
B |a(EEH) a - 0.23 H28E &% (£3.1.3(1)-3) oEHLE
B (54 254 LGaAE) Tw | s 16 Toma - Wy/V,
a (REH) a - 0.5 Loe
54 224 L(REH) Too s 3.4 Tap=a - Wyp/V,
R IR E /SR = - 0.69 Vr/ B H28E EREE (3.1.3(2)-3) DfEHLE
BHRIR IR Vr | km/s 2.35 Vr=0.69x 8
Z Qf Q - 6217 14: 7% (2016)
i B ELENT 7 4 L& — DR - - Boore (1983) 20165 REAMBAR (H28FEREE)
BERERRE fmax | Hz 7.1 2016 REFIBAR (H28FERER)
fmax7 4 L X —D~EFR 2s - 2.74 2016 REFHESEH2BEEREE)
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437 Fr—R AL DEPFE AT A—H

=241 Ti(FH-10) L5 HfL & REHE
HWEE—X> b Mg Nm 4.42E+19 F-net
E—AVIRI=ZFa—F M, - 7.0 M,,=(logMy-9.1)/1.5
W B R S km? 891.4 S=4.24x 10" x (Mg x 107)/2 A& - =%(2001)
EEZN T
£ 0 ° 205 236
a5 5 ° 72 65
WiEET VRS L km 12 38
5 /B T 7L w km 18 18
g WEETVER Seeg | km’ 216 684
o) HifE € 7L EE S km? 900.0
" e R km 16.9 R=(S/n)>®
R RS Hs km 2 2
k] TR Hd km 19.1 18.3  |Hd=Hs+Wsin(5)
3 SIEERE B km/s 3.4 {RE
BE o g/cm® 2.7 1E
BItER u N/m? 3.12E+10 u=p B?
FHTRYE D m 16 D=My/(uS)
HWEE—X b Mo ses | Nm | 6.66E+18 | 3.75E+19 |Mg_seq=My * Seeg”’?/ Z Seeq™’?
T i Dy m 1.0 1.8 Dieg=Mo see/ (1 Sseg)
BIISHETE Ao MPa 4.0 A 0=7/16 - My/R®
AL L A | Nm/s? 1.87E+19 A=2.46x 10" x (M, x 10)1/3 38 - {2(2001), H28EEREBOMANB L RS
TARY T4 OEAfEE r km 8.9 r=(7m/4) - {Mo/(A - R)} - B?
T AR T 4 B S, km? 246.4 S,=nr’
(B8)7 2~ 7 4 Tk - - 0.27 S./S
f 27 ZRYF 4 DEHEH o, MPa 14.6 0,=0 0,=7/16 - Mo/(r*  R)
s ASPET Spceq | km? 59.1 187.3 |74 ¥ FEMEICHS L TR S
p |EmEEE Foeq km 43 77 |reeg=(Ss o/ T)?
FEYTAY B Digeg | M 2.0 35  |Dsee=E * Dogy E=2
ESyInyl 04 | MPa 14.6 14.6 04seq=0a
HRE—X > b Moy ceg | Nm | 3.65E+18 | 2.06E+19 (Mo, seq= 4 Dy cosSa ceg
i Sa1 km? 59.1 1249 [S.4=S, «p Sa1=2/3% S, eq
Tz r km? - 6.3 - ra1=(Sa1/ )2
R Y1 - - 0.8 - Y1=11/Teq
A [s~uE D, m 2.0 39 [Da=Dy s Da1=(y1/Z ¥%) " Dy seg
S [#EE—xX> b Mgar | Nm | 3.65E+18 | 1.52E+19 [Mgsy=Mg, cog Moga1= 1 D,1Sa1
P =i h 0., | MPa 14.6 186 [0,1=0, 0a1= 04 seg
w | 1 |aGEmm) a, = 0.13 0.13  [H284FEiREE (R3.1.3(1)-3) DHEFHLE H28E R &5 (%3.1.3(1)-3) DfiaHLE
& 54 224 L(GERAE) Mot s 0.4 05 [Ta=as - Wa/V, Tsa=a * Wa/V,
3] a (RAH) a - 0.40 040 |LoE, aGERMDIESDEF LYK, a (@AM OIE>DE
B’ 54 X84 L(RAH) Tria1 s 12 15 (Tia=a; - Wy /V, Toa1=a; * War/V,
iR i S, | km? - 624 |- S22=1/3%Sa ce
i FELE oo | km? € 45 |- 1=(S,,/ )2
# BEEEL - : o6 |- [P
IERYE D., m - 2.8 - Da=(y1/Z ¥%) * Dy seg
S [#EmE—xX> b Mo, | Nm - 5.37E+18 |- Moso= 1 D284
P |=aish 0., | MPa - 146 |- 000= 0 seg
2 |aGEms) a, = - 013 |- H28E B4R &5 (%3.1.3(1)-3) DfaHLE
4 XK A L(EA) Tisa2 s - 04 |- Tsio=a * Wop/V,
a (RAEH) a; - = 040 |- LYK, a (AP DIESSE
F A4 X824 L(REH) Tria s - 1.2 - Traz=a; * Wao/V,
WREE—A b Mg, | Nm | 3.01E+18 | 1.70E+19 [Moy=Mg seg-Mos seq
i Sh km? 156.9 496.7  [Sy=Sseq-Sa seg
H |TRYE Dy m 0.6 1.1 Dy=Moyp/ (1 Sy)
R O|EMIEN oy MPa 2.0 2.5 04=(Dp/Wy) * (Ds ceg/Wa) * 04 ceq 05=(Dp/Wy) * (T%°/D, o) * Tocor” TV * Oceg
% |aGa@s) @ - 0.13 013 |H28%FEERE #(R3.1.3(1)-3) OFEHLE
B 54 %4 LOSAE) T s 0.9 0.9 |Te=a - Wy/V,
a (RAH) a - 0.40 040 [L¥E, a(ERAMHDIESDE
F A4 XA L(REAL) T s 2.7 2.7 Top= ;- Wy/V,
FRIRIR IR R/ SIE R - - 0.78 Vr/B H28E R & ® (%3.1.3(1)-3)
BIRIRIE R Vr km/s 2.65 Vr=0.78 x 8
f) QfiE Q - 621"% 11 (2016)
" = W7 7 4 L& —DFAR - - Boore (1983) H28EEREETIRE
5 B R T IR B AR fmax Hz 7.1 20165 REFHRFR(H2BEERER)
fmax7 4 LR —DNEF 2s - 2.74 2016 REFMBAR(H2BEERER)
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#4388 F—RA 42 DEPF AT A—H

=242 Ti(FH+10) L5 HfL & REHE
HWEE—X> b Mg Nm 4.42E+19 F-net
E—AVIRI=ZFa—F M, - 7.0 M,,=(logMy-9.1)/1.5
W B R S km? 891.4 S=4.24x 10" x (Mg x 107)/2 A& - =%(2001)
BREA #5H)
£ 0 B 205 236
a5 5 ° 72 65
WiEET VRS L km 12 38
B W8 € 7 LIE w km 18 18
g WEETVER Seeg | km’ 216 684
o) HifE € 7L EE S km? 900.0
" e R km 16.9 R=(S/n)>®
= Hs km 2 2
k] TR Hd km 19.1 18.3  |Hd=Hs+Wsin(5)
3 SIEERE B km/s 3.4 {RE
BE o g/cm® 2.7 1E
BItER u N/m? 3.12E+10 u=p B?
FHTRYE D m 16 D=My/(uS)
HWEE—X b Mo ses | Nm | 6.66E+18 | 3.75E+19 |Mg_seq=My * Seeg”’?/ Z Seeq™’?
T i Dy m 1.0 1.8 Dieg=Mo see/ (1 Sseg)
BIISHETE Ao MPa 4.0 A 0=7/16 - My/R®
R AL A | Nm/s? 1.87E+19 A=2.46x 10" x (M, x 10)1/3 38 - {2(2001), H28EEREBOMANB L RS
TARY T4 OEAfEE r km 8.9 r=(7m/4) - {Mo/(A - R)} - B?
T ARY T 4 B S, km? 246.4 S,=nr’
(B8)7 2~ 7 4 Tk - - 0.27 S./S
f 27 ZRYF 4 DEHEH o, MPa 14.6 0,=0 0,=7/16 - Mo/(r*  R)
s ASPET Spceq | km? 59.1 187.3 |74 ¥ FEMEICHS L TR S
p |EELE Foeq km 43 77 |reeg=(Ss o/ T)?
FEYTAY B Digeg | M 2.0 35  |Daeg=& * Degg £=2
ESyInyl 04 | MPa 14.6 14.6 04seq=0a
HRE—X > b Moy ceg | Nm | 3.65E+18 | 2.06E+19 (Mo, seq= 4 Dy cosSa ceg
i Sa1 km? 59.1 1249 [S.4=S, «p Sa1=2/3% S, eq
AR r km? - 6.3 - ra1=(Sa1/ )2
R Y1 - - 0.8 - Y1=11/Teq
A [s~uE D, m 2.0 39 [Da=Dy s Da1=(y1/Z ¥%) " Dy seg
S [#EE—xX> b Mgar | Nm | 3.65E+18 | 1.52E+19 [Mgsy=Mg, cog Moga1= 1 D,1Sa1
P =i h 0., | MPa 14.6 186 [0,1=0, 0a1= 04 seg
wm | 1 |aGemm) as - 0.33 033 [H284EE#REE (%3.1.3(1)-3) DFFHLE H28E R &8 (%3.1.3(1)-3) DFEEHLE
5 F A XA L(GEEHE) Trsa1 s 1.0 1.2 Tsor= s * War/V, Trsar=a * Wy /V,
9 a (RAH) a; = 0.60 0.60 LIE, a(ERPDELSE LYK, a(ERAB)DIELOE
B’ 4 X84 L(RAEH) Tiia1 s 1.8 23 (Tya=a; - Wy /V, Toar= a1 * Wor/V,
i i S | km? - 624 |- S12=1/3%S, wur
i FELE oo | km? € 45 |- 1=(S,,/ )2
# BEEEL - : o6 |- [P
IERYE D., m - 2.8 - Da=(y1/Z ¥%) * Dy seg
S [#EmE—xX> b Mo, | Nm - 5.37E+18 |- Moso= 1 D284
P |=aish 0., | MPa - 146 |- 000= 0 seg
2 |a(Eme) as = - 0.33 - H28F & & (%3.1.3(1)-3) D EHLE
4 XK A L(EAH) Tisa2 s - 10 |- TSa0=a * Wyp/V,
a (RAH) a; - - 0.60 |- LYK, a (ERMOIE>DE
F 4 X824 L(REH) Tria s - 1.8 - Traz=a; * Wao/V,
HEE—A Y b Mg, | Nm | 3.01E+18 | 1.70E+19 [Moy=Mg seg-Mos seq
i Sh km? 156.9 496.7  [Sy=Sseq-Sa seg
H |TRYE Dy m 0.6 1.1 Dy=Moyp/ (1 Sy)
R O|EMIEN oy MPa 2.0 2.5 04=(Dp/Wy) * (Ds ceg/Wa) * 04 ceq 05=(Dp/Wy) * (T%°/D, o) * Tocor” TV * Oceg
B | (@A) a, - 0.33 0.33  [H284FEEIRE & (3.1.3(1)-3) DFEEHLE
B 5 4 X% 4 LOIAE) T s 22 22 |Te=a - Wy/V,
a (KAL) a = 0.60 0.60 Lo E, a(EASMDIESSE
74 X84 L(REE) Tip S 4.1 4.1 =)+ Wy/V,
FRIRIR IR R/ SIE R - - 0.78 Vr/B H28E k& & (%3.1.3(2)-3) DEEHLE
BIRIRIE R Vr km/s 2.65 Vr=0.78 x 8
f) QfiE Q - 621"% 11 (2016)
" EIEHENT 7 4 L & — DR - - Boore (1983) 2016FREFIBRAR(H2BEERER)
5 B R T IR B AR fmax Hz 7.1 20165 REFHRFR(H2BEERER)
fmax7 4 LR —DNEF 2s - 2.74 2016 REFMBAR(H2BEERER)
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%439 7 —ABLDOEFENT A —H

Casebl : fmax(THEN & 1) RS | B & BREAE
HEE—A > b My | Nm 4.42E+19 F-net
E—XV FRIZFa2—F M, - 7.0 M,=(logMy-9.1)/1.5
1 i T S km? 891.4 S=4.24x10" x (Mg x 10")V/? AR - =%(2001)
EES # )|
£l 6 ° 205 236
1ER 8 ° 72 65
WigETILRS L km 12 38
5 |MEETVE w km 18 18
m |HEEFLER Secg | km? 216 684
g |WEETLVER S km? 900.0
2 |EMmEE km 16.9 R=(S/m)"®
B | Hs km 2 2
B TR Hd km 19.1 183  |Hd=Hs+Wsin(3)
M (SR B km/s 3.4 1R E
BE o |eg/em? 2.7 RE
ElESS u N/m? 3.12E+10 u=p B2
FHTRY B D m 1.6 D=My/(uS)
BEE A - Mo ceg | Nm | 6.66E+18 | 3.75E+19 [My c0u=Mp + Spup¥?/ % Seors®’?
FHTRYE Dyeq m 1.0 1.8 Dieg=Mo see/ (1 Sseg)
BEISARTE Ao | MPa 4.0 A 0=7/16 - My/R®
SEREL < A |Nm/s? 1.87E+19 A=2.46x10"" % (Mg x 10")? - 2(2001), H28EEWEBOBIDIBL HEE
TARY T 4 OEHER r km 8.9 r=(Tr/8) - {Mp/(A - R)} - B2
T AR F 4 i S, km? 246.4 S,=nr?
(BE)7 AR 7 4 Bt - - 0.27 S./S
f LT 2R T 4 OEMIEH o, | MPa 14.6 0.,=0 0,=7/16 - My/(" - R)
5 |ASPEE Saseg | km? 59.1 187.3 |4 v FEBICLKEI LTES
p |HEEE Teog km 43 77 freg=(Ss e/ )2
FHTRY R Dywe| M 2.0 35 Dy aeg=E * Degy E=2
E vl 04505 | MPa 14.6 14.6 04 ceg=0a
HEE—A > b Moa cog| Nm [ 3.65E+18 | 2.06E+19 Moy cog= 4 Dy coeSa soe
i Sa1 km? 59.1 1249 |S,1=S, seq Sa1=2/3%S, g
EiE S r km? - 63 |- ra1=(Sq/m)"?
ZAHEEL Vi - - 08 |- ¥ 1=N/Tseq
A |[T~yE D m 2.0 39 |Dui=D, e Doi=(y1/Z ) * Dy aeg
S [HEmE—A> b Moor | Nm | 3.65E+18 | LE2E+19 [Moy =M, coq Moa1= i D1 Say
S]] 0. | MPa 14.6 146 |0=04 g 0431= 04 cog
w |l lateEsm a. - 0.23 0.23  |H28EFE#RE®E(%R3.1.3(1)-3) DFEHAE H28E R & # (K3.1.3(1)-3) D#EHAE
) 54 X84 L(EREE) Treat s 0.7 09 [Tea=as Wai/V, Tai=a - Wi /V,
3] a (REH) a, - 05 05 LoE Loe
= 54 X84 L(RAH) Toat s 15 19 (Ta=a, - Wa/V, Tia=a, - Wai/V,
R &l Sy | km? - 624 |- S,2=1/3XS, w0
B [smye no ket |- a5 | t=(8u/ 1)
B smean N - 06 |- [P
AlT~ye D., m - 28 |- D=y 1/2y}) " Dyaeg
S [HEE—A> b Mo, | Nm - 5.37E+18 |- Moaz=  D,2S.2
P =3 h 0. | MPa - 146 |- 029= 04 ceg
2 azmm) a, - - 023 |- H284F B4R (£3.1.3(1)-3) OFEHLE
T4 X&4 LUERAE) Trsa2 s - 0.7 - Tao=a = Wy,/V,
a (REL) a - - 0.5 - Loe
T4 X84 L(REAH) Tiia s - 1.5 - Traz=0a = Woo/V,
HWEE— A b Mgs | Nm [3.01E+18 | 1.70E+19 [Moy=Mo see-Mos seq
Eik S, | km? | 156.9 4967 [Sy=Seeq~Sa e
TRy B D, m 0.6 11 |Dy=Mgy/(1Sy)
2 |EBIEH o, | MPa 2.0 2.5 05=(Dp/Wy) * (D soe/Wa) * 0 s 01=(Du/Wy) « (7°°/D, o) “Taseg* Z Vi’ " Oaceg
B | o (EEA) a, - 0.23 0.23  |H284EERE® (R3.1.3(1)-3) D#FHLE
B (54 254 LGaAE) Tw | s 1.6 16 [To=a - WV,
a (REAH) a; - 0.5 0.5 Loe
74 X84 L(RAY) Tun s 3.4 3.4 Tap=a; - Wy/V,
R IR R/ SR - - 0.78 Vr/B H284F iR & & (%3.1.3(2)-3) DFEHAE
IR IR R Vr | km/s 2.65 Vr=0.78 x 8
Z Qfs Q - 6217 14: 7% (2016)
® BENERT 7 4 L& — DR - - Boore (1983) H28F EiR&EE TIRE
R RTIRE fmax Hz 8.1 THROFY (H28EERES)
fmax7 4 L X —DREFE 2s - 2.22 THROTFHY(H28FEHREE)
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#4310 7—AB2 DEPF/ANT A—F

47— 252 & fmax(THED & 2) n5 | B & BREAE
HEE—A > b My | Nm 4.42E+19 F-net
E—XV FRIZFa2—F M, - 7.0 M,=(logMy-9.1)/1.5
1 i T S km? 891.4 S=4.24x10" x (Mg x 10")V/? AR - =%(2001)
#E)I
M 0 2
1R 9 2 65
BEFLE L km 12 38
= WrfE €7 VIE W km 18 18
m |HEEFLER Secg | km? 216 684
g |WEETLVER S km? 900.0
2 |s@es R km 16.9 R=(8/m)"®
R Hs km 2 2
% T Hd km 19 183 |Hd=Hs+Wsin(§5)
M (SR B km/s 3.4 1R E
BE o |eg/em? 2.7 RE
ElESS u N/m? 3.12E+10 u=p B2
FHTRY B D m 1.6 D=My/(uS)
BEE A - Mo ceg | Nm | 6.66E+18 | 3.75E+19 [My c0u=Mp + Spup¥?/ % Seors®’?
FHTRYE Dyeq m 1.0 1.8 Dieg=Mo see/ (1 Sseg)
BEISARTE Ao | MPa 4.0 A 0=7/16 - My/R®
SEREL < A |Nm/s? 1.87E+19 A=2.46x10"" % (Mg x 10")? - 2(2001), H28EEWEBOBIDBL HEE
TARY T 4 OEHER r km 8.9 r=(Tr/8) - {Mp/(A - R)} - B2
T AR F 4 i S, km? 246.4 S,=nr?
(BE)7 AR 7 4 Bt - - 0.27 S./S
f LT 2R T 4 OEMIEH o, | MPa 14.6 0.,=0 0,=7/16 - My/(" - R)
5 |ASPEE Saseg | km? 59.1 187.3 |4 v FEBICLKEI LTES
p |HEEE Teog km 43 77 freg=(Ss e/ )2
FHTRY R Dywe| M 2.0 35 Dy aeg=E * Degy E=2
E vl 04505 | MPa 14.6 14.6 04 ceg=0a
HEE—A > b Moa cog| Nm [ 3.65E+18 | 2.06E+19 Moy cog= 4 Dy coeSa soe
i Sa1 km? 59.1 1249 |S,1=S, seq Sa1=2/3%S, g
EiE S r km? - 63 |- ra1=(Sq/m)"?
ZAHEEL Vi - - 08 |- ¥ 1=N/Tseq
A |[T~yE D m 2.0 39 |Dui=D, e Doi=(y1/Z ) * Dy aeg
S [HEmE—A> b Moor | Nm | 3.65E+18 | LE2E+19 [Moy =M, coq Moa1= i D1 Say
S]] 0. | MPa 14.6 146 |0=04 g 0431= 04 cog
w |l lateEsm a. - 0.23 0.23  |H28EFE#RE®E(%R3.1.3(1)-3) DFEHAE H28E R & # (K3.1.3(1)-3) D#EHAE
) 54 X84 L(EREE) Treat s 0.7 09 [Tea=as Wai/V, Tai=a - Wi /V,
# a (REH) a, - 05 05 LoE Loe
= 54 X84 L(RAH) Toat s 15 19 (Ta=a, - Wa/V, Tia=a, - Wai/V,
3 i Sy | km? B 62.4 |- S:2=1/3% S, qoq
B [smye ok |- a5 | t=(8u/ 1)
B smean N - 06 |- [P
AlT~ye D., m - 28 |- D=y 1/2y}) " Dyaeg
S [HEE—A> b Mo, | Nm - 5.37E+18 |- Moaz=  D,2S.2
P =3 h 0. | MPa - 146 |- 029= 04 ceg
2 azmm) a, - - 023 |- H284F B4R (£3.1.3(1)-3) OFEHLE
T4 X&4 LUERAE) Trsa2 s - 0.7 - Tao=a = Wy,/V,
a (REL) a - - 0.5 - Loe
T4 X84 L(REAH) Tiia s - 1.5 - Traz=0a = Woo/V,
HWEE— A b Mgs | Nm [3.01E+18 | 1.70E+19 [Moy=Mo see-Mos seq
Eik S, | km? | 156.9 4967 [Sy=Seeq~Sa e
TRy B D, m 0.6 11 |Dy=Mgy/(1Sy)
2 |=wish o, | MPa 2.0 2.5 04=(Dp/W,) * (D, cog/Wo) * 04 cog 0=(Dp/Wy) * (/D4 cop) *Tacog” TV * Oacon
B | o (EEA) a, - 0.23 0.23  |H284EERE® (R3.1.3(1)-3) D#FHLE
B (54 254 LGaAE) Tw | s 1.6 16 [To=a - WV,
a (REAH) a - 0.5 0.5 Loe
74 X84 L(RAY) Tun s 3.4 3.4 Tap=a; - Wy/V,
R IR R/ SR - - 0.78 Vr/B H284F iR & & (%3.1.3(2)-3) DFEHAE
IR IR R Vr | km/s 2.65 Vr=0.78 x 8
Z Qi Q - 6217 14: 7% (2016)
1@ EEERT 7 4 L% — OFAR - - &I - #2(2003) |1l - #(2003)
T A BOE TR BN fmax Hz 8.3 &Il - 2(2003)
fmax7 4 LR —DREF n - 1.92 &Il - 11(2003)
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#4311 T —A 6l DENT A—H

—2Z61: HEFKER LIRS (%) n5 | B & BREAE
HEE—A > b My | Nm 4.42E+19 F-net
E—XV FRIZFa2—F M, - 7.0 M,=(logMy-9.1)/1.5
1 i T S km? 891.4 S=4.24x10" x (Mg x 10")V/? AR - =%(2001)
EES # )|
£l 6 ° 205 236
1ER 8 ° 72 65
WigETILRS L km 12 38
5 |MEETVE w km 18 18
m |HEEFLER Secg | km? 216 684
g |WEETLVER S km? 900.0
2 |EMmEE km 16.9 R=(S/m)"®
R | EmRE Hs km 1 1 IEAER(2009) 5%
B TR Hd km 19.1 183  |Hd=Hs+Wsin(3)
M (SR B km/s 3.4 1R E
BE o |eg/em? 2.7 RE
ElESS u N/m? 3.12E+10 u=p B2
FHTRY B D m 1.6 D=My/(uS)
BEE A - Mo ceg | Nm | 6.66E+18 | 3.75E+19 [My c0u=Mp + Spup¥?/ % Seors®’?
FHTRYE Dyeq m 1.0 1.8 Dieg=Mo see/ (1 Sseg)
BEISARTE Ao | MPa 4.0 A 0=7/16 - My/R®
SEREL < A |Nm/s? 1.87E+19 A=2.46x10"" % (Mg x 10")? - 2(2001), H28EEWEBOBIDBL HEE
TARY T 4 OEHER r km 8.9 r=(Tr/8) - {Mp/(A - R)} - B2
T AR F 4 i S, km? 246.4 S,=nr?
(BE)7 AR 7 4 Bt - - 0.27 S./S
f LT 2R T 4 OEMIEH o, | MPa 14.6 0.,=0 0,=7/16 - My/(" - R)
5 |ASPEE Saseg | km? 59.1 187.3 |4 v FEBICLKEI LTES
p |HEEE Teog km 43 77 freg=(Ss e/ )2
FHTRY R Dywe| M 2.0 35 Dy aeg=E * Degy E=2
E vl 04505 | MPa 14.6 14.6 04 ceg=0a
HEE—A > b Moa cog| Nm [ 3.65E+18 | 2.06E+19 Moy cog= 4 Dy coeSa soe
i Sa1 km? 59.1 1249 |S,1=S, seq Sa1=2/3%S, g
EiE S r km? - 63 |- ra1=(Sq/m)"?
ZAHEEL Vi - - 08 |- ¥ 1=N/Tseq
A |[T~yE D m 2.0 39 |Dui=D, e Doi=(y1/Z ) * Dy aeg
S [HEmE—A> b Moor | Nm | 3.65E+18 | LE2E+19 [Moy =M, coq Moa1= i D1 Say
S]] 0. | MPa 14.6 146 |0=04 g 0431= 04 cog
w |l lateEsm a. - 0.23 0.23  |H28EFE#RE®E(%R3.1.3(1)-3) DFEHAE H28E R & # (K3.1.3(1)-3) D#EHAE
) 54 X84 L(EREE) Treat s 0.7 09 [Tea=as Wai/V, Tai=a - Wi /V,
# a (REH) a, - 05 05 LoE Loe
= 54 X84 L(RAH) Toat s 15 19 (Ta=a, - Wa/V, Tia=a, - Wai/V,
R &l Sy | km? - 624 |- S,2=1/3XS, w0
B [smye ok |- a5 | t=(8u/ 1)
B smean N - 06 |- [P
AlT~ye D., m - 28 |- D=y 1/2y}) " Dyaeg
S [HEE—A> b Mo, | Nm - 5.37E+18 |- Moaz=  D,2S.2
P =3 h 0. | MPa - 146 |- 029= 04 ceg
2 azmm) a, - - 023 |- H284F B4R (£3.1.3(1)-3) OFEHLE
T4 X&4 LUERAE) Trsa2 s - 0.7 - Tao=a = Wy,/V,
a (REAH) a - - 0.5 - Loe
T4 X84 L(REAH) Tiia s - 1.5 - Traz=0a = Woo/V,
HWEE— A b Mgs | Nm [3.01E+18 | 1.70E+19 [Moy=Mo see-Mos seq
Eik S, | km? | 156.9 4967 [Sy=Seeq~Sa e
TRy B D, m 0.6 11 |Dy=Mgy/(1Sy)
2 |EBIEH o, | MPa 2.0 2.5 05=(Dp/Wy) * (D soe/Wa) * 0 s 01=(Du/Wy) « (7°°/D, o) “Taseg* Z Vi’ " Oaceg
B | o (EEA) a, - 0.23 0.23  |H284EERE® (R3.1.3(1)-3) D#FHLE
B (54 254 LGaAE) Tw | s 1.6 16 [To=a - WV,
a (REAH) a - 0.5 0.5 Loe
74 X84 L(RAY) Tun s 3.4 3.4 Tap=a; - Wy/V,
R IR R/ SR - - 0.78 Vr/B H284F iR & & (%3.1.3(2)-3) DFEHAE
IR IR R Vr | km/s 2.65 Vr=0.78 x 8
Z Qf Q - 6217 14: 7% (2016)
i B ELENT 7 4 L& — DR - - Boore (1983) 20165 REAMBAR (H28FEREE)
BERERRE fmax | Hz 7.1 2016 REFIBAR (H28FERER)
fmax7 4 L X —D~EFR 2s - 2.74 2016 REFHESEH2BEEREE)
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#4312 T—RA62 DEPRANTA—F

[—R62: HBFEF LGRS (REENS] &5 | HfL & BREAE
HEE—A > b My | Nm 4.42E+19 F-net
E—XV FYS=Fa2—F M, - 7.0 M,=(logMy-9.1)/1.5
7 i T S km? 891.4 S=4.24x10" % (Mg x 107)V/? AR - =%(2001)
EES # )|
£l [ § 205 236
&R 8 ° 72 65
WigETILRS L km 12 38
5 |MEETVE w km 18 18
m |HEETFLER Seeg | km? 216 684
f  |WEETVESRE S km? 900.0
2 |EmEE km 16.9 R=(S/m)"®
B | EmRE Hs km 3 3 A0 EFFS +1km
B TR Hd km 19.1 183  |Hd=Hs+Wsin(5)
M |SEkEE B km/s 34 {RE
BE o |eg/em? 2.7 RE
ElESS u N/m? 3.12E+10 u=p B2
FHTRY B D m 1.6 D=My/(uS)
BEE A - Mo ceg | Nm | 6.66E+18 | 3.75E+19 [My c0u=Mp + Spup¥?/ % Seogs®’?
FHTRYE Dyeg m 1.0 1.8 Dyeg=Mo seg/ (1 Seeg)
BEOSABRTE Ao | MPa 4.0 A 0=7/16 - My/R®
ERAL <L A [Nm/s? 1.87E+19 A=2.46x10""x (M, x10")"/* & - #1(2001)
TARY T 4 QAR r km 8.9 r=(Tr/4) - {Mo/(A - R)} - B
T AR F 4 i S, km? 246.4 S,=nr?
(BE)7 AR 74 Bt - - 0.27 S./S
:1\ 2T ARY T4 DEPIEH o, | MPa 14.6 0.=0 0,=7/16 - Mo/(* - R)
5 |AsPEA Saseg | km? 59.1 187.3 |4y FEBICHKEI LTES
p |HEEE fscg km 4.3 1T |reeg=(S, see/ )
FHTRYE Dy | M 2.0 35 |Dyeeg=E  Degy E=2
04 | MPa 14.6 14.6 Oaseg=0a
Mos cog| Nm [ 3.65E+18 | 2.06E+19 Moy cog= 4 Ds coeSa soe
S, | km? | 59.1 1249 [S.1=S, wg S.1=2/3%S, o0q
HELR no| km? - 63 |- 101=(Se/ )2
ZlEEL Vi - - 08 |- ¥ 1=N/Tseg
A |F~uE D m 2.0 39 |Dui=D, e Doi=(y1/Z v ) * Dy aeg
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This work was performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07NA27344.

Introduction

The objective of our study is to analyze the performance of characterized heterogeneous
rupture models in simulations of near-fault ground motion from the M7 Kumamoto, Japan
earthquake, using Graves and Pitarka (2016) broad-band simulation method. We developed a
kinematic earthquake rupture generator that combines the Graves and Pitarka (2016) (GP2016)
rupture model with the multiple asperity characterized rupture model of Irikura and Miyake
(IM2011), also known as Irikura recipe (Irikura and Miyake, 2011). The proposed kinematic
rupture model incorporates distinct features of both original rupture models such as small-scale
stochastic rupture variability, and shallow areas with large slip separated from areas with high slip-
rate, inherited from the GP2016, and desired near-fault large-scale rupture directivity effects
produced by the multiple asperity model IM2011.

The model performance was tested against recorded data from the M7.1 2016 Kumamoto,
Japan earthquake and GMPEs. We performed broad-band (0-10Hz) numerical simulations of
strong motion recorded at 19 sites and analyzed the performance of three types of rupture models
generated with GP2016; fully stochastic (GP-1) characterized fully deterministic (GP-2) and
characterized heterogeneous (GP-3). We analyzed the goodness-of-fit of the acceleration and
velocity time histories, and RotD50 horizontal spectral responses. GP-3 performed better than the
other three rupture models on a broad period range. Because it combines important features of
both GP2016 and IM2011, including large slip velocity in the asperity areas, larger shallow slip,
and longer rise time in the weak zone, located in the upper 4km of the earth crust.

In a second stage of the study, we performed a suite of broadband ground motion
simulations, to investigate the effects of kinematic rupture model parameters on near-fault ground
motion variability. In addition to spatial variability in slip, each rupture realization randomly
samples from distributions of rise time, rupture speed, rupture roughness, and rupture initiation
locations. Consequently, the simulated ground motions exhibit significant frequency-dependent
variability. The simulated ground motion is compared with recorded and predicted ground motion
using GMPEs for strike slip earthquakes. Analysis of misfit results were used to single out the
rupture parameter or combination of rupture parameters that affect the most the ground motion
variability.
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Kinematic Rupture Models

Here we briefly describe the characteristics of the GP2016 and IM2010 rupture models that
were integrated into the proposed rupture model. The GP method uses a deterministic approach to
compute the long period motions (typically > 1 s) and a stochastic approach to compute the shorter
period motions (typically < 1 s). The full broadband ground motion acceleration time history is
then obtained by summing the long period and short period motions. The GP method contains
three separate modules, namely the rupture generator (Graves and Pitarka, 2016) (GP2016 rupture
model, hereafter), and low frequency and high frequency ground motion modules, that are used to
compute the low and high frequency parts of ground motion, respectively. The GP2016 rupture
model uses a kinematic representation of the fault rupture, calibrated using recorded ground
motion and observed rupture kinematics and rupture dynamics. The rupture process, which is
randomly heterogeneous at different scale lengths, controls coherent and incoherent interferences
of waves generated at the source.

The characterized rupture model IM2011, was developed by Irikura and Miyake (Irikura
and Miyake, 2011; Morikawa et al., 2011). IM2011 model is based on the multiple-asperity
concept of fault rupture, and is compatible with dynamic rupture models (e.g., Dalguer et al.,2008).
The kinematic rupture parameterization is empirically based. In the IM2011 model asperities are
rupture areas with higher static stress drop and higher slip. Consequently, in this model, the seismic
energy is assumed to be mostly generated in the asperities areas. This particular design emphasizes
near-fault rupture effects, such as forward rupture directivity and seismic energy focusing at near-
fault sites. Using broad-band simulations of ground motion from a hypothetical strike slip
earthquake Pitarka et al., (2017) concluded that IM2011 and GP2016 rupture models are
compatible and their corresponding modules can be interchangeable in simulations with the GP
method. We combined GP2016 and IM2011 to generate GP-2, a characterized fully deterministic
rupture model, and GP-3 a characterized rupture model with random slip heterogeneity. GP-2 is
an extreme case of GP-3 in which the stochastic portion of slip heterogeneity is very small.

Simulation of 2016, Kumamoto, Japan Earthquake

We used GP-1, GP-2, and GP-3 rupture models to simulate near-fault ground motion
recorded during the recent M7, 2016 Kumamoto, Japan, earthquake (Asano et al., 2016; Kobayashi
et al., 2017). The relatively large ground motion recorded at three near-fault sites (Kawase et al.,
2017), and the complex rupture process make this earthquake an interesting event for testing
rupture generation procedures, and strong motion simulation methods. The Kumamoto earthquake
is a strike slip event that occurred on four existing fault segments. Figure 4.6-1 shows the location
of the fault segments and strong motion stations used in our simulations. Three fault segments,
ruptured the surface. The fault geometry and its location are based on the aftershock distribution,
immediately after the main event and INSAR (Geospatial Information Authority of Japan, 2016).
The orientation of the fourth, and most eastern fault segment, is not well resolved. Nevertheless,
as suggested by fault slip inversions of long period waves, the amount of slip in this segment and
its contribution to overall ground motion is relatively low.

We compute broadband (0-10 Hz) ground motion at 19 stations surrounding the fault,
extending to a fault distance of about 32 km. The long period part of ground motion (>1s) at all
sites was simulated using Green’s Functions computed for a one-dimensional regional velocity
model, with a shear wave velocity capped at 500 m/s. The 1D velocity model is listed in Table
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4.6-1. The synthetic seismograms were corrected for site effects using local Vs3o and site effect
correcting factors developed for Sothern California. The correction was computed for a reference
Vs of 500 m/s.

Rupture Models

The rupture models tested here, and a synthesis of their performance are shown in Figure
4.6-2. The first model, referred as GP-1, was generated using the original GP2016 method. GP-1
was selected among 20 rupture scenarios. Note that the GP2016 method provides partial
correlation between rise time and the square root of local slip. This results in a tendency for the
rise time to lengthen and the rupture speed to increase as the slip increases. Also apparent in the
GP rupture is the systematic reduction of rupture speed and lengthening of rise time along both the
top (upper 4 km) and bottom portions of the rupture. An additional 60% reduction of rupture speed
along the shallow and deep portions of the fault as dictated by Graves and Pitarka (2010, 2015)
was applied. These distinct features of GP2016 are very consistent with rupture characteristics
obtained for the Kumamoto earthquake. For example, several studies have discovered that the
Kumamoto, earthquake rupture had two shallow areas of large slip, and two deeper areas of
increased slip rate (e.g. Yoshida et al., 2016; Asano and Iwata, 2016). A similar trend in which
high slip rate areas are concentrated in the deeper part of the fault has also been observed during
large subduction zone earthquakes (Frankel 2016; Kurahashi and Irikura, 2013). These
observations, typical for ruptures that break the entire seismogenic zone, can be explained by
difference in fault rupture dynamics caused by variation in friction properties between materials
in the shallow part (weak zone) and deeper part of the crust (e.g. Pitarka et al., 2009). The depth
scaling of rise time and rupture speed prescribed in the GP2016 approach highlights key
observations where large shallow fault slip does not necessarily translate into large high-frequency
motion radiation. This means that strong radiation of shorter period motion does not necessarily
coincide with regions of large slip. These two important features are well represented in GP-1
rupture model.

The second rupture model, referred as GP-2, is the characterized asperity-based model. The
location of the asperities follows the asperity. rupture model of the Kumamoto earthquake
proposed by Irikura et al. (2017). Using broad-band simulations of recorded ground motion they
found that the main characteristics of near-fault ground motion can be reproduced by a rupture
model consisting of four areas with large slip rate, known as strong motion generation areas
(SMGA). Table 4.6-2 lists fault parameters used in the simulations. Note that GP-2 retains the slip
ratio of 2 between the asperity and background areas, required by the Irikura recipe. Also, due to
the small stochastic variability of slip, the rupture speed in the GP-2 is slightly spatially variable.

The third model, GP-3, is a characterized rupture model with heterogeneous slip. GP-3
combines desired features of GP2016 and IM201. It preserves deterministic features, such as
location and size of main asperities, derived from the Irikura recipe (Irikura and Miyake, 2011).
The model also preserves the stochastic small-scale variability of slip and rupture time, as well as
depth dependency and stochasticity of rise time, and rupture speed inherited from the GP2016
model. In this model the relative strength of the deterministic and stochastic features of rupture
kinematics are allowed to be controlled by the user. The depth dependency of rise time is imposed
in all three models.
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Broadband Ground Motion Modeling

The ground motion simulations were performed using the Graves and Pitraka (2010) hybrid
simulation procedure. The low-frequency part of ground motion (0-1Hz) was calculated using
synthetic Green’s functions computed with the FK method of Zhu and Rivera (2002), and a local
1D velocity model, listed in Table 4.6-1. The sub-fault dimensions used in the simulations of the
low frequency part of ground motion were 0.1 x 0.1km. In all simulations the Brune stress
parameter, used in the GP method, was set to 75 bars. This is slightly higher than the default stress
parameter of 50 bars adopted in simulations of earthquakes in California using GP method (Graves
and Pitarka, 2010).

The bottom panels in Figure 4.6-2 show the bias of RotD50 pseudo spectral acceleration
response (Boore, 2010) (In(Rec/Syn)) between recorded (Rec) and synthetic (Syn) ground motion,
averaged over all stations, also known as goodness-of-fit plot. Overall the bias obtained with the
GP-1 model is small. The GP-2 slightly over predicts the ground motion in the period range of 1-
5s. This is a manifestation of stronger local rupture directivity effect, favored by the simplified
fault geometry, distinct asperity areas, and almost constant rupture speed adopted in GP-2. This
discrepancy is eliminated in the simulation with the GP-3 model which was designed to improve
IM2011 by better characterizing the shallow slip areas, affecting periods longer than 1s, and deeper
large slip rate areas, affecting short period energy. A full set of goodness-of-fit plots based on
simulations with different rupture parameters is included in Appendix A.2.1.

Figures 4.6-3 and 4.6-4 illustrate the performance of GP-3 in near-fault strong motion
simulations by comparing the recorded and synthetic time histories of acceleration and velocity,
respectively, at 19 near-fault stations. Station KMMHL16, the closest to the fault, is located 1km
off the fault within the heavy damage zone (Kawase et al., 2016). KMMH16 recorded the largest
ground motion acceleration and velocity for this earthquake. The second nearest station, KMMO005
is located at about 5km away from the fault trace. The ground motion at this station exhibits strong
ground shakings. KMMO012 is one of the more distant stations. The relatively low amplitude and
very long duration of ground motion recorded at this station suggest strong backward directivity
and wave propagation effects. Figure 4.6-5 shows the comparison between the recorded and
simulated RotD50 acceleration response spectra.

Overall GP-3 does a good job at reproducing the recorded acceleration and velocity at the
considered stations in terms of both spectral content and duration. As already suggested by the
goodness of fit plot shown in Figure 4.6-3, GP-3 rupture model improves the waveform fit for both
horizontal components at both near-fault sites, KMMH16 and KMMOO05. It also reproduces the
amplitude and duration of the directivity pulse at station KMMO005. At KMMO012 it matches the
duration very well but slightly under predicts the amplitude of direct phases. The simplification of
3D wave propagation effects by the 1D response could be the cause of misfit observed at some
distant stations for periods longer than 1s.

Comparison with GMPEs
Figure 4.6-6 compares the recorded spectral acceleration responses with the GMPEs at 19

stations, considered here. The GMPEs are computed for a Vs30=300 m/s. Except for source
distances longer than 10 km, and periods 2s and longer, the recorded RotD50 PSA is very similar
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to the GMPEs average value. The favorable comparison suggests that the near-fault ground motion
generated during the Kumamoto earthquake is similar to the average ground motion predicted for
a strike slip earthquake.

We performed a suite of broadband ground motion simulations, to investigate the effect of
kinematic rupture model parameters on near-fault ground motion variability. In addition to spatial
variability in slip, each rupture realization randomly samples from distributions of rupture speed,
rise time, slip roughness, and rupture initiation locations

The base value of each rupture parameter considered here, and its standard deviation are
shown in Table 4.6-3. The effect of each rupture parameter was investigated using five realizations
of GP-3 rupture scenarios for which the value of the investigated parameter was adopted from
Table 4.6-3, while the other rupture parameters were kept fixed using their base value. Figure 4.6-
7 shows the effect of Vr/Vs ratio on inter-event variability of RotD50 acceleration response
computed at 19 strong motion sites. The simulated acceleration spectra and their variability is
very similar to the empirical one predicted by the GMPEs. Similarly Figures 4.6-8,9,10 show the
variability due to slip roughness, rise time, and sleep generator seed number. Note that for all
rupture parameters the ground motion variability increases with distance, especially for periods
longer than 1s. The ground motion variability is underestimated at periods shorter than 1s. This is
probably due to the sparse stations spatial coverage. The discrepancy is larger at shorter distances.
We repeated the same analysis using synthetic ground motion computed on a regular and denser
grid of 490 stations, with 400m grid spacing. The comparison between the simulated ground
motion and the GMPEs for rvfrac=0.85 is illustrated in Figure 4.6-11. The simulation uses base
values for all parameters. For this scenario the only causes of the intra event variability are source
kinematics and wave propagation effects. The variability in simulated response is quite similar to
variability predicted by the GMPEs. Similar plots, shown in Appendix A.2.2 were obtained by
varying all five kinematic parameters.

A more concise way of displaying the effects of rupture parameters on simulated ground
motion, and comparison with GMPEs are plots of bias between the GMPEs and simulated ground
motion computed as the IN(GMPE/SIM) RotD50 spectral acceleration ratio, averaged over stations
with same fault distance. Figure 4.6-12 compares the bias for the lowest value of Vr/VVs=0.538 and
highest value of Vr/Vs=0.96. As indicated by the shadowed yellow zone, the standard deviation
among the four GMPEs greatly increases with period, at all fault distances. In contrast the intra-
event variability predicted by the GMPEs (indicated by the dotted line) is independent from the
period. The comparison between these simulations obtained with different rupture velocities
suggests that ground motion amplitude increases with rupture speed. The plot clearly shows that
when rupture velocity increases the ground motion amplitude increases at periods longer than 1 s.
In contrast the ground motion variability remains the same, regardless of period or distance.
Similar plots for all rupture scenarios described above are shown in Appendix A.2.2.

Ground Motion Spatial Variability

We used ground simulations on a dense grid of stations to map free-surface peak ground
motion velocity. The simulated near-fault ground motion displays strong features that are
consistent with fault rupture characteristics. The near-fault ground motion characteristics were also
investigated by mapping the fault normal (FN) and fault parallel (FP) ground motion components.
Figures 4.6-13-16 compare effects on goodness-of-fit and ground motion spatial distribution of
rupture velocity, slip rise time, slip roughness, and rupture initiation location, respectively. In
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general, the spatial extent of peak velocity which is controlled by large scale rupture characteristics
mainly follows closer the fault geometry and asperities location. In all rupture realizations the
areas of large peak ground motion velocity are concentrated very near to the asperities and on the
north side of the fault. This result is very consistent with damage distribution zones and location
of areas with largest ground motion observed during the earthquake. In general, the FP comment
is larger than FN component. Although this is inconsistent with what it is expected from a mainly
strike slip fault rupture, the simulation of fault rupture in the asperity areas indicate that for upward
rupture propagation the directivity effect is stronger on the SH wave component, in this case
stronger in the fault parallel component then in the fault normal component. It is expected that for
deep rupture initiations and shallow large asperities the FN component of near-fault ground motion
will be larger than the FP one. In terms of spatial extension of large amplitude ground motion area,
the rupture velocity and slip roughness have the most significant effects. Fault ruptures with lower
velocity and smoother slip heterogeneity produce much weaker ground motion. As expected,
rupture initiation point is essential in shaping near-fault ground motion distribution as well as
location of zones with large peak velocity, and upward rupture directivity effects.
All maps of simulated peak ground motion velocity are shown in Appendix A.2.3.

Discussion and Conclusions

The main conclusion of this study is that all three GP rupture models of the 2016
Kumamoto Earthquake rupture analyzed here, the fully stochastic GP-1model, characterized fully
deterministic GP-2 model, and characterized rupture model with random slip heterogeneity GP-3,
performed satisfactorily in simulations of recorded ground motion using the simulation method of
Graves and Pitarka (Graves and Pitarka, 2016). The hybrid design of GP-3, that combines
empirically based deterministic features and correlated spatial and temporal variability of
kinematic rupture guided by physics-based modeling results, make GP-3 a robust technique that
represents well large-scale and small-scale rupture complexities. The compact multi-asperity
representation of rupture kinematics makes the technique very effective in scenario-based
deterministic estimations of near-fault ground motion. The resulting kinematic model better
represents underlying rupture factors that shape the low and high frequency parts of generated
seismic energy, especially for large earthquakes on faults that rupture the surface and the entire
seismogenic zone. Compared to GP-1 and GP-2, GP-3 performs better in reproducing the recorded
data on a broad frequency range 0-10 Hz.

The favorable comparison of recorded ground motion with the GMPEs suggests that the
near-fault ground motion generated during the 2016 Kumamoto earthquake is similar to the
average ground motion expected for a strike slip earthquake. Our simulations suggest that for deep
rupture initiations and shallow large asperities the FN component of near-fault ground motion is
expected to be larger than the FP one. In terms of spatial extension of large amplitude ground
motion area, the rupture velocity and slip roughness have the most significant effects. Fault
ruptures with lower velocity and smoother slip heterogeneity produce much weaker ground motion.
In general, the spatial extent of peak velocity which is controlled by large scale rupture
characteristics follows closer the fault geometry and asperities location.

The depth-depend variation of peak slip and rise time are two important features of the
proposed GP-3 model, inherited from the original GP rupture model. Their inclusion improved the
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performance of the characterized rupture model with stochastic heterogeneity at intermediate and
longer periods.

GMPE-based near-source shaking estimation for large earthquakes is highly uncertain, in
particular for long return periods for which ground-motion variability drives the seismic hazard.
Therefore physics-based simulations and analysis of ground motion variability like then ones
discussed here can help improve the GMPEs by refining the quantification of inter- and intra-event
variability.
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Table 4.6-1. 1D Velocity Model

Thickness Vp Vs Density Qp Qs
(km) (km/s) (km/s) (g/cm?®)
0.01 1.6 0.425 2.0 425 21.2
0.02 1.7 0.538 2.05 53.8 26.9
0.07 1.9 0.65 2.1 65.0 32.5
0.1 2.1 0.8 2.2 80.0 40.0
0.3 2.5 1.2 2.3 120.0 60.0
0.5 3.6 1.9 2.45 190.0 95.0
0.5 4.4 2.5 2.575 250.0 125.0
1.0 4.8 2.8 2.6 280.0 140.0
1.0 5.25 3.1 2.62 310.0 155.0
15 5.5 3.25 2.65 325.0 162.0
2.0 5.6 3.35 2.7 335.0 167.0
2.0 5.75 3.45 2.72 345.0 172.0
8.0 6.1 3.6 2.75 360.0 180.0
8.0 6.5 3.8 3.0 380.0 190.0
0 7.8 4.4 3.3 440.0 220.0
Table 4.6-2. Fault Model Parameters Using the IM2011 Recipe
Fault Background Asperity 1 Asperity 2 Asperity 3

Length: 44 km

Width: 18 km

Backgrnd. Stress Drop: 2.92 MPa
Aver. Stress Drop: 3.8 MPa
Number of Asperities : 2
Background Slip : 90 cm

Background V; = 2.8 km/s

Length : 7.5 km
Width : 7.4km
Slip: 192.2 cm

V:: 2.8 km/s

Length : 7.2 km
Width : 8.6 km
Slip: 313.8 cm

V:: 2.8 km/s

Length : 10.0 km
Width : 8.6 km
Slip: 313.8 cm

V:: 2.8 km/s
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Table 4.6-3. Source Parameters Used in Strong Ground Motion Sensitivity Analysis

Variability

Case Source Parameter Base Value

(GP2016) o WG
1 Slip Distribution Roughness 0.85 0.05 0.1

Total Rise Time Coefficient

2 (egn A5 in GP2016) Loty 0.0 Ll
3 W Rt 0.694 0.078 0.156
4 Rupture Initiation Location Left Center Right

33°12'

33°00'

32°48'

32°36'

32°24' M

Figure 4.6-1. Map of Kumamoto, Japan area showing the fault segments (dotted rectangles) used
in simulations of strong ground motion from the M7, 2016 Kumamoto earthquake. Red star
indicates the hypocenter location and blue dots indicate the strong motion stations location.
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Figure 4.6-2. Broad band simulation results of the Kumamoto earthquake using three different
rupture models, original GP (GP-1, left panels), GP characterized (GP-2, center panels), and GP
characterized with heterogeneous slip (GP-3, right panels). Top panels show the slip distribution,
the middle panels show total rise time distributions, and bottom panels show RotD50 acceleration
response spectra bias between recorded and simulated data.
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Figure 4.6-3. Comparison of recorded (black) and synthetics (red) acceleration time histories
computed with the GP-3 rupture model of the Kumamoto earthquake.

4.6-12



% 30 — 50 —
2

g o W‘_ A 0 “N&MW’WWV"
g B v M
<< -30 — -50 —

% 50 — 60 —

E J

§ o — My 0 S PV
§ — A A e
< -50 — -60 —

» 20 60

@

§ 0 - A o | «QWM
E’ S A A A A
< -20 — -60 —
o 210 — 40
2

§ 0 7;’4%:::‘\ W e 0 7% jmm A
T — W A APV A A
< 210 a0

> 25 — 70

2

g 0 TN AN 0 — ﬂM\f‘N\W
§ A A A i
<< -25 — =70 —

& 100 — 100 —

2

5 0o - ‘4\[%% 0 - M‘-"w——
g —Aly e
< -100 - -100 —

I 50 — 100 —

@

§ 0 0 - [V
g N
< -50 — -100 —

@ 50 30 —

K

g 0 A e 0 — L
\8_/ A R B
< -50 — -30 —

@ 40 30

2

g 0 Bt e e 0 — WA
g A AW e
< -40 — -30 —

» 15

2

5 0 A~ W: i g

T A A

[*)

g s LM

0 10 20 30 40
Time(s)

Figure 4.6-4. Comparison of recorded (black) and synthetics (red) velocity time histories
computed with the GP-3 rupture model of the Kumamoto earthquake.
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circles) recorded at 19 stations, for the M7 Kumamoto earthquake.
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Figure 4.6-7. Comparison of four RotD50 NGA West GMPEs of acceleration response spectra,
computed for Vs30=300 m/s (solid lines), and RotD50 acceleration response spectra (orange
circles) simulated at 19 stations, for the M7 Kumamoto earthquake. We used five realizations of
GP-3 for which the values of Vr/Vs ratios are indicated in Table2, and all other rupture
parameters were kept the same as in the original GP model.
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Figure 4.6-8. Comparison of four RotD50 NGA West GMPEs of acceleration response spectra,
computed for Vs30=300 m/s (solid lines), and RotD50 acceleration response spectra (orange
circles) simulated at 19 stations, for the M7 Kumamoto earthquake. We used five realizations of
GP-3 for which the values of slip roughness are indicated in Table2, and all other rupture
parameters were kept the same as their base value in the original GP model.
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Figure 4.6-9. Comparison of four RotD50 NGA West GMPEs of acceleration response spectra,
computed for Vs30=300 m/s (solid lines), and RotD50 acceleration response spectra (orange
circles) simulated at 19 stations, for the M7 Kumamoto earthquake. We used five realizations of
GP-3 for which the values of the total slip rise time are indicated in Table2, and all other
rupture parameters were kept the same as their base value in the original GP model.
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Figure 4.6-10. Comparison of four RotD50 NGA West GMPEs of acceleration response spectra,
computed for Vs30=300 m/s (solid lines), and RotD50 acceleration response spectra (orange
circles) simulated at 19 stations, for the M7 Kumamoto earthquake. We used five realizations of
GP-3 using different sleep generator seed numbers. All rupture parameters were kept the same
as their base values in the original GP model.
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Figure 4.6-12. Bias between the GMPEs and simulated ground motion computed as the
In(GMPE/SIM) RotD50 spectral acceleration ratio as a function of period, averaged over stations
with same fault distance. The fault distance and the number of sites for each distance bin is
indicated on each panel. Red squares and red vertical lines indicate the median value and +/- one
standard deviation of the bias. Left panels show comparisons with synthetics computed for
Vr/Vs=0.538, and right panels show comparisons with synthetics computed for Vr/\VVs=0.96. The
shadowed zones indicate the standard deviation among the four GMPEs and the dotted line
indicates the intra-event variability obtained from the GMPEs
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Figure 4.6-13. Effects of increasing rupture velocity on ground motion amplitude and spatial
variability. Bias between GMPEs and simulated ground motion (upper panels). Maps of fault-
normal and fault-parallel peak ground motion amplitude (middle panels). Maps of FN/FP peak
ground motion ratio between FN and FP, and kinematic slip distributions (lower panels).
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Figure 4.6-15. Effects of increasing small-scale slip roughness on ground motion amplitude and
spatial variability. Bias between GMPEs and simulated ground motion (upper panels). Maps of
fault-normal and fault-parallel peak ground motion amplitude (middle panels). Maps of FN/FP
ground motion ratio between FN and FP, and kinematic slip distributions (lower panels).

4.6-24




s 1 1 s ! 11

@ m—m-mmTTTITTTTTToosmmE e mTIE TS = @ ----TTTIT I I mm—mm =l

i 2T - % T A S O i I i R IR T RS

P RRETIGEE T CWETTTITIOAN G R Tt o BRI

s -1 (8 sites) - (67 sites) £ ) (8sites) ) ‘ " -1 " (67 sites) ‘ ‘ ‘
o.‘z o.‘s 1 2 5 16 012 015 1 2 5 15 02 05 1 2 5§ 10 02 05 1 2 5 10

7 -
33°00' 33°00"

'
* o /—/’
32°48'
‘ o,
. —_ 32'36' e, ] o
10 20 ///—’/52 0 10 20 ? 0 10 20

130°36' 130748" 131°00" 131°12' 130°36' 130°48' 131700 131712

32'36'

o ——
0 10 20

130°36' 130°48' 131°00" 131712 130°36" 130°48' 131°00" 131712"
T ———
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
PGV(cm/s)

PGV(cm/s)

Rupture Scenario

W (km)

-sBEEEEEEE

130°36' 130°48" 131°00" 13112 130°36' 130°48' 131°00" 131°12'

 ——— ] T T
! T T T 1
-1.0 -0.5 0.0 05 1.0 -1.0 -05 0.0 0.5 1.0
Log(FN/FP)
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® @S RT A —F OHhH

@CcHoNT, G LR, TRVICHIET DEMEENENNRT A—Z{TH LT
/PR T A =2 T 5. X 5.1.1-7 102, IS —BR, TR0, 90 3R o BREI)
LEBSIFENRT A= O FIEE L O D, 2B, KR THHT 28I NF 8T 2 —2 1%
UUTFD7o5Ths. OWEEMRE (Strength excess), @EAIG M & (Dynamic stress drop :
Aog), QFFEIILTIFE T & (Static stress drop : dos), @WEZNIG/) (Effective stress : doe), G
9~V & (Critical Slip-weakening distance : D.), ©Mikumo et al. (2003)iZ & % D. (D.’),
DO~ x V¥ — (Fracture energy : Go). Z Z CTHEEE= R /L¥—|F, 5.1.1-3 12989
2, EIESEEERT RO BENOHAETE S, 28, BIIS B TREOHEORLEL 25,
K2 O TOIS I T REOR KA L 2R E 2D 2 &%, R TIISTIDFER LT,
ERBT D, M 5.11-80—@iz, ERLEOQ—@DEY)¥E 8T A —% OWifEHE L TD 5
TS, e, £ 5.11-10-O2, FEHFERT A—XOBERER R, 7T ARY T 4
fEEK, HRA fEl, HREETOVHELEEREL —RE L TELDD. £72, K5.1.19
X, FENFANT A —Z OWERIETOVEEEL 1.0 & LIcHa D7 AXY T ¢ &8 5k
DENEFNDO/BRERLIEZLDOTHD. ZORND, FISHEEFERCHERT Y &, #E
TAAR—E, TANY T 4 OFBEERERLEREL LY LB SRS N L pibh
. BAREICIE, BEARE TFREOT ALY T SO EREE, BiE 2RO ERED 2
BRETHDLZ ENbroT. BRTRD &R, BETRXVED 50%ZETHH, 7 AN
UT 4 TD DX DV, WiEEEOYHHED 2 (FRIETHLIZEBHALNE o7, K
5.1.1-10 (27 ANY 7 ¢ (IO SE RS I TR e T AT 7 0 RS ORRE, BEDOK
X 7R N B PN HIEE 2 6P G2 I EEFE L 7= Asano and Iwata (2011)DFEF: & & H IR, KD T
AN T ¢ FEB O FAYIS 1 T B1E, Asano and Iwata (2011 D /1B T EOSHDIEH o
OFFAN (FRAD) C, HERSEFEEOHEANITHNIET 5 2 & B3R TE

WIZ, O THLNIR I OREEZAL, KO0, 30 3 E ORI L) & IEE) 71,
B TEN ) FERCH I SN AR DT A —ZIZONWTHELREITH. KS11-111, 22T
EFRTD 4 SOOI TEEZE L DS, WTFRLE Y o> hOBES SR, 972
bH3 R FHENEDOEZFFORFL &2 AL LT, Risetime (Tr) 1%, TV HEN L &
725 ETCORM (B d =0 BEITET HIFM), Peak time (Tp) 1, T XVEENFKE 7
% F CTORER, Strength excess time (Tsg) 1%, &/ DR SIIEIRE (22T 5 £ TORF
i, Breakdowntime (7g) I%, J&/JDREEIZALERIEINES D £ TOREH, &ZiEh
#1. K51.1-120—@iz, KL 4> oMEE FTosmEXRaT 5. 72, |
5.1.1-13DICRTHEE 7 0 > F OERERRIC 4 ORI ORENE ZE L= WEHE L ToR
BERE O 5.1.1-13@— @I, X BIZZ I D ORGEERER > & 5HE S 5 BEHEE O /345
#¥ 5.1.1-140—-®IZ, ZNLIurd. 7285, £51.120—OIC, KR & AIE0HE EE o W= im
IR, T ARY T ¢ 5, HRA i, 5 COVEE L IEERFREZ B LTELD
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5. Fio, KS511-151%, W EHEDRT 2 —2 2 WiE SR CTOFLEE 1.0 & L

DT ANRY T 4 EERFHIBLDOENENDERERLTEBDTHD. _ﬁ“b'%@ttﬁxf))%?bﬁ)
HZEIILLTO#Y TH%. 1) Rise time (ZWrfEm ET—HRTH D Z LIk LT, Peak time
L, 7AXY 7 IR/ E L, WiEEIRD 0.7 (52 CTh 5. 2) Strength excess time 3,
TANY T AT/ E L, WEAED 0.7 (GFRETH 5. £/, Strength excess time I3,
T AN T Oyl (FRCT ANV T ¢ OTEEMOuEE) TRE S 25582 % 0, Strength
excess M CRBL L7 BRICHHFEICHER CE 5 (X 5.1.1-14@). 3) Breakdown time (X, 7 A
RYUT 4O GNRREL, WERED 1.2 {5FEETH Y, Breakdown i THRBL L 7RI
T ANY T SERNITEESEL 2o TV D 2 EBNERTE S (K5.1.1-140).
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FEAR 4~ v &, ®IX Mikumo etal. (2003)DEFHICL S D TH D.
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£ 5.1.1-10 WIERE (SE) OV, 1RHERE, &R, &K/IME
SE (MPa) Average Standard dev. Max. Min.
Asperity 1.24 +0.60
HRA 1.41 +0.58
6.53 0.00
Off asp. 0.60 +0.63
Total 0.67 +0.66
£ 5.1.1-1Q BHYSTIBE T & dog DI, FEHERE, &R, &H/ME
Aoy (MPa) Average Standard dev. Max. Min.
Asperity 5.79 +2.74
HRA 6.48 +2.76
22.62 0.00
Off asp. 2.62 +2.50
Total 2.99 +2.72
#5.1.1-1Q)  FHOISTIE N & dog DY), BEWERZE, &K, fIME.
Aos (MPa) Average Standard dev. Max. Min.
Asperity 4.20 +2.80
HRA 5.00 +2.65
17.58 0.00
Off asp. 1.24 +2.32
Total 1.58 +2.56
RS51L1-1@  ERET) do. D), FEHERZE, K, /M.
Aos (MPa) Average Standard dev. Max. Min.
Asperity 7.02 +2.95
HRA 7.88 +2.87
22.70 0.00
Off asp. 3.22 +2.48
Total 3.66 +2.81
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£511-10 BRI~V E (D) OV, BERFEZE &R, &/IME
D¢ (m) Average Standard dev. Max. Min.
Asperity 0.27 +0.09
HRA 0.29 +0.08
0.50 0.00
Off asp. 0.10 +0.06
Total 0.12 +0.09
£5.11-10 DOV, fRAERZE, K, f/ME.
D’ (m) Average Standard dev. Max. Min.
Asperity 0.30 +0.08
HRA 0.32 +0.07
0.51 0.00
Off asp. 0.11 +0.06
Total 0.13 +0.09

£5.11-10 IR RV =G DOV, BHERE, &K, &/ME.

G (MJ/m?) Average Standard dev. Max. Min.
Asperity 1.05 +0.71
HRA 1.24 +0.71
4.29 0
Off asp. 0.22 +0.31
Total 0.32 +0.46
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#5.1.1-220 Risetime (Tr) DVF¥), FEHERZ, &K, H/ME.

Tr (s) Average Standard dev.
Asperity 2.33 +0.10

HRA 2.34 +0.09
Off asp. 2.23 +0.30

Total 2.24 +0.28

#5.1.1-22@ Peak time (Tp) DY), FEHERZE, &K, H/IME.

Tp (s) Average Standard dev.
Asperity 0.73 +0.43

HRA 0.68 +0.37
Off asp. 1.05 +0.62

Total 1.01 +0.61

7% 5.1.1-2@  Strength excess time (Tsp) DY), FEEERFZE, &K, K/ME.

Tse (s) Average Standard dev.
Asperity 0.15 +0.11
HRA 0.16 +0.10
Off asp. 0.19 +0.33
Total 0.18 +0.32

% 5.1.1-2@ Breakdown time (7s) DMLY, HEY¥ERZE, KA, &K/IME.

Ts (s) Average Standard dev.
Asperity 1.70 +0.61

HRA 1.73 +0.54
Off asp. 1.20 +0.92

Total 1.26 +0.91
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£51.120 WEET o FEE (Ver) O, EERE, &K, &/ME.

Ver (m/s) Average Standard dev.

Asperity 1.80 +0.00
HRA 1.80 +0.00

Off asp. 1.80 +0.00
Total 1.80 +0.00

#5.1.1-22© Rise time HE (Vriscrme) OV, FHERZE, A, /M.

PRise time (M/S) Average Standard dev.
Asperity 1.74 +0.39
HRA 1.79 +0.34
Off asp. 1.56 +0.65
Total 1.58 +0.63

7% 5.1.1-2@ Peak time I (Vo) O, FEHERZ, &K, H&/IMHE.

Vpeak time (1M/8) Average Standard dev.
Asperity 1.52 +0.56
HRA 1.49 +0.56
Off asp. 1.29 +0.76
Total 1.31 +0.74

7 5.1.1-2® Strength excess time M (Vsp) ONH, HEHERZE, &K, H/IME.

Vse (m/s) Average Standard dev.

Asperity 1.67 +0.42
HRA 1.64 +0.41

Off asp. 1.52 +0.72
Total 1.54 +0.69
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# 5.1.1-2© Breakdown time & (Vg) D), FEUHERZE,
Vg (m/s) Average Standard dev.

Asperity 1.05 +0.65

HRA 1.07 +0.63

Off asp. 0.96 +0.79

Total 0.97 +0.77
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Strength excess max = +6.53 (MPa)
min = 0.00 (MPa)
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Dynamic stress drop max = fzz.eg Emga;
min = a
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Static stress drop max = +1;.11=,g gmag
min = —o. a
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D_ (Critical slip—weakening distance) max = +0.50 (m)

min = 0.00 (m)
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Dc’ (Mikumo et al., 2003) max = +0.51 (m)
min = 0.00 (m)
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Gc (Fracture energy) max = +4.29 (MJ/m2)
min = 0.00 (MJ/m2)
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@ Asano and Iwata (2011)
. This study (2016 Ibaraki)
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Rise time
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Peak time
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Strength excess time
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Breakdown time
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Rupture time (FTWRV)
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Final slip time
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Peak slip vel.time
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Strength excess time
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Breakdown time
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Rupture velocity (Rupture front)
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Rupture velocity (Final slip)
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Rupture velocity (Peak slip vel.)
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Rupture velocity (Strength excess)
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Rupture velocity (Breakdown)
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2.00
W Asperity W Off asperity W Total rupture area (=1.0)
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© @I NT A= OZERFAR

BIR/NT A—Z DT, BEIZEDNRT A= L EONRT A—=2BHEELTWD e
V) B, R EEIRE T VAT 2 ECEBERMA L 72V 155 . Schmedes ef al. (2010)
%, BRBEET VOT — 2 N— XS, AR, BIRRES I 2 L — 3 (T
Ko TRHE SN B NT A 2 OWifgm EoZEi) e t8BE86% (Correlation) % & &AJIZHF
L7z (5.1.1-16). Z Z T LN-FEBREFRIE, Crempien and Archuleta (2014) 128> T
FLOONIAEHER S I 2 L— g U RIRORBRIEE T MBI ISV TR 2
L 725 Tk, K[E Southern California Earthquake Center (SCEC) @ Broadband Platform V14.3
Simulation Methods @ 1 > & L CTHRAEDNSEHE S 41TV 5 (Dreger et al., 2014) . Schmedes et al.
(2010) (i, KBTS, BN TA=F 2 GO WER ETORKENT A—F
DA Z FEZ, NT A —Z W OZERBDZ (Correlation Matrix) ZERk L, E&EHI2EIMR
PR 21T > 7.

Correlation Matrix OfERZ X 5.1.1-17 12737, ZHERDHE, ZOHMETIE, UTOER
HoNnEsd, 1) TRV ELTRDEEIE, BWHEBERSS. 2) &1, FREST
BN, KOFESIIE, BWHERHS. 3) @i, SRS BT E, ROEZG D E
TR, ROTROEEE, HERH . 4) TX0EEL, RS HETELY LB
IS ESCHERNIG ST EAHBAA E VY. 5) Breakdown time AN E D HRE L, ERIST)
BEFEBHREZV. 6) Strength excess HE A3 H Y & Peak time <> Strength excess time 73\ ).
ZDOEDITERNT A—Z OBIRIEIZ DWW TS Z L I3EE T L > BlC BT Rk
ERIRET VDT A—=FREDEEITET DL EBIT, ETANTA—ZDITHLOE
EEET DB, BRIEOH DT A—=Z ZWETLFAD 1| DICbRVGLTD, 5%
b, TOX) RZEMFHEAOCREGAZEREL, HEHICHERBBEZ RHL TV Z L2
EETHIL Y EOEED IO DFERBYRRED 1 D ThdLEZHND.
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@  BHLYIC

2016 AEHIRIRALE OB Z XL, 3.1L1Q)DEEFERIEIR A > 3— 3 URERITIE S
T, Wi B CoISRFEMA b EHEE L, EIRWTEIEIC & o> TRERZREN ) FRT A
— 2 O Z AT, AR THONZERFERIILLTO®Y TH5. 1) BRSET&E
DT ANXY T ¢ fEIROFHEI, WiESIEOFED 2 FREKE V. 2) AT &
1, BT ROED SO%RETHY, 7TAXYT 4 TD DX D, Wil RIKDOFEIED 2
%&Ef%é.3)72~UT4%W®#%EﬁM?Ei Asano and Iwata (2011)D )& 1%
TEROSHDIZ L& OHIPEN (TR T, EIKAEO/AIZIIRET 5. 4) Rise
time (ZWrfEm ECT—HETHH Z LI LT, Peaktime |%, 7 AR 7 ¢ fHIKT/hE L, Wr
JBEIRD 0.7 FFEECThH 5. 5) Strength excess time [, 7 ARV 7 ¢ fEIkT/hx <, WiE
BIRD 0.7 FRRETH D, £z, Strength excess time |, 7 AXU T 4 DUl CTREL 78D
Fr#7 & %. 6) Breakdown time (X, 7 AU T 4 FHIRO LGN KE L, WifgRED 1.2 572
EThsd. 7) mETRVELETNVEEIL, BRWVHEBERH . 8) BIRY, FRISIET
&, MOFEDCE, BWHERSS. 9) 811, FRSHRETE, MOFEISHE T
0, RO ®EEL, MERSS. 10) N0 3#EE, #SHRETEI D ERG
T T ECHENG T EARBAA BV, 1 1) Breakdown time 28\ & Do b KX <, FRAUILT)
&S RE V. 1 2)Strength excess #E 733U & Peak time X° Strength excess time 73470 .

ZDEIIT, BN NRTRA—F EZOTIRIANT A—Z O & O FF 2 EFE L,
BRI/ NT A —F DFHECE T A —Z W OBROFEHIRHEZ T~ Tn S Z &0, 78
BRETH L EORELDIZODIEAREE L RO BERRRO 1 OTHLEEALND.
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5.1.2 2016 FEEEMOHE (Mma7.4)

VI FHA LT 4 ROEIC L VRO DREERET VT, BUHEDRE» S, &
INBTE DT 0 BEEIBIES RO BN TN D, 2L DI, TR KRR ERE T A —
Z Lo TWDRIRET VEABHFTHEREET L E VIR, ZOET/ATIET Y FFH#E
¥ (B— A2 MREHEBED) IROONTVEHO0, BRCTOMERSEZHEL TV 5L
FZOWTIEAATH D, £ T, AHFFETIE, FlZIE 1995 4 12 7 R i #5E © o fET 51
(Ide and Takeo, 1997) D L 512, ZOEIFRET NVEHFERASME Lz & X0 E o Eisy %
3WMICEMEIZ K VAT H 2 & T, i) ORZIECW g H TN —IG Bk & 4B
T 5D (K5.1.2-1). ZHUC KV, W& OMEETREE (strength excess) CENAIIG IR T &
(dynamic stress drop), [ S9XV & (critical slip distance, Dc) 72 E A HEET 5 (X 5.1.2-2).

Ide and Takeo (1997) 1% Z D FET 1995 AFILEEIRFEERHIEE DN 21T\, T H DT A
— X RIRWED A =2 g URERDOHEE LTV DL £, 1997 RS RALEE O
HIEERC 1997 AL 1 IRAGE O MR IZH A L 7 BICer M2 - fih, 2005; = 0% - YE5Z, 2006) T, Wr
@ ETOBBUS D T REAHEE L TWD.

ZIZTIE, 312 HiTHR B 2016 EEERITOMBOEB FHIRFEET VA S &I
ISIGDFEEATV, FFROBAVER/ T A —2 OHEEEIT .
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Source model obtained by inversion

'

o. E
_ W 87205
£ w0 RN F SRR A 4 A 0
g T ittt
‘g’“ 100 550 T I
= B _J.Jrju'

' A
§ 150 “'Jii.u 7 :
2 o
8 200 A ..l!' ¢ ()
il | ol

Distance along strike (km)
———————— "= Peak Moment Rate (Nmi/s)
0 3.95¢+18 7.9e+18
Solving the wave equation using FDM
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O (stress)

o (stress)

Strength excess

Static stress drop
Dynamic stressv:hange

Tb

Y I
Strength excess
ol X Yo
Static stress drop
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- Dynamic stress change
(o) WU VIR BRI P
o : Effective stress
A BN I
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5.1.2(1) FiE

AL T DIEHT FIEZ DWW TRHAT 5. BV PREIRE 7 /L IS RER R TH 5
ZEnh, ThERD LD, EEFE ﬁ%TW%ﬁﬁﬁ#kbfﬁT¢@&@%%
AEL, ZIhBE ﬁf@ﬁﬁ%%k@é Zhic kv, B TOEN—IEHBEE, T4
OO EEMENZ RO 5 (K5.1.2-1). 6ﬂtﬁ%%mwﬂ6 BASHIZIXTREEE) T C
WEEEEIND, I51}2:f#%ﬂ7%~&f%ém%ﬁ§%%ﬁimwgDc&k@ﬁ
TR T A =2 %KD, WEEBTHIICHNWA NI A =22 L VBERICAN LT HT
LEBEFIZ AN TV D,

O FHREFIE

AW T, Wi b DGR ORI 3 ROt 2501E% V- (Pitarka, 1999). T
&1L ) DEEZIFE DR TR S5 (Graves, 1996). FEMEIE o287 GREE) —n s (O
T Gia WK EER CEAE T 22, TOMEPOREOALEIZBWT, T EREEE
FNTHZ DT MBI IGET 24 /) — R CTORHOELEEZINZ 5. B oA
WCBWTEEENDEAIE, BROTRY IS LIS &, JEEOT R ML HEb 500
HoOFELTROOEND. ZDIEhE, 27290 BOBRPSEE#MEHITHY, 40
ROLLDOTHD. ZZCTEERZ LE, ZOFHETIZE R RIEOFHE X 81T -
Tb\focu\:é:*(%@, PEEAERCAINTIX DD DA0E S IV TR,

SIS OFTENIT A= EE AWz, FmIC R LW mmi, S rrERE T VO
HrCa% ELt%@kHL< R % 48° & L=, EMEOFHE CHOW AR, W
JE I & 2 EORTFRIRAICT D2 X O E L. ERA =2 3 U TROTWEE
TIOUTIE, /NETEN 4km X 4km ORFRCTRIE SN TS, BikT 55 ICZOERET
v DN % B T8 D5 1R K OMBERNG S 1/10 (2 L C, 400 m X 400 m D51~ kE CHE
RENLHWEET VL E LTe. ZofiM LIZBiEET VISR T 5 X 912, BEAEER TR
HENDZENEOKTEREEZ, 268 m X 400m X 297 m & L7=. BER]FEICIZ 0.016 s [
FRCEE L, HRFAENLT RO NKET L, SN LET L ETO 288 uaatA L.

ZEIC K VRO NS OREIL, X, y,z DFEERTO L O TH DA, W& i3
B EFF->TWHOT, Wil EOISNELE T 572D, WilgmZa bt CEEAs# %
Tole. 220, WiEmoMRFmE d i, BiEmcExgd5hmE n e EHRL, K
WP CTHWD
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%5 3.1.2 HiCail L7z 2016 fFAE B IR MO MR 2 %5102, TfFORERIER) b K D 72 JEH)
FHERFET VE AW, ZOFET AT, 4km X 4 km O R TOET— A2 b OFEZ]
FEDRD 5N TS, WL 4km X 24km DRE ST, XA L7 42 R OHIE 5 4,
VRIFE 3 12QH TOA =V a T THRONIZ Vr (1 2 A LT 1 R URREHE)
LRI 22 km/s TRIDIIRIZIAN D, #RE—A 2 I 24 X 10 Nm TH 5.
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BEAERFZECEE « filL, 2005) 1ZBWTC, BIRET V& ZmIEOREIY OFR S E L THN
HERC, UM A LE TH LD Z LRI TV D, ABFFE TR 2 B PR ER
TTFNOKFEREIZ4km X 4km THDH. TITIHEFA LT 4 R T LIg, EBFHE
RET VOO /NWE & DM Z AL Fa—Ey 7l (K 5.12-3) THRL, EBFE
JRET L TOKRFEROB TOE—RA Y NEZRD, bEOKTHFEEZERGTR, EHRF
& HIZ 110, 1/10 &725, 400 m MFEICHH L COrbaEEZITo 7.

RFENCES L, SRR & U CGEB BT T LV OBEEOE T, T—A &0 &
BE, MUTIHEONICTROENR 0 ERDEIICHRELL. N T a—E v 7 i,
TG ALERSE O /3 8 TR D TR TIETH D, H DA pxy) Dz, 3 ROZHEN

3 3
px,y) = Zzauxiyf (5.1.2-1)

i=0 j=0

THETALDOTHD (LRI, AU =7/, 1 wATHM). coXEEHT5
P bITi, Rkay B R B IR 5.

WTo (B0 fEEf, £, BOREELS, fis fiyk Lo £0,0,(1,0,0, D, (1, 1) I
BOTZALOMBREZBNTONB LT B, ZhbDfiERE.12-DICRAT 5 &,

f(0,0) =p(0,0) = ago (5.1.2-2)
3
£(1,0) =p(1,0) = ) a; (5.1.2-3)
i=0
3
f(0,1) =p(0,1) = Z Qoj (5.1.2-4)
j=0
3
fAD =p1) = Z Z aij (5.1.2-5)
i=0 j=0

L7, FERIZ, x,y FRIZENENORMITIZONTS,

f:(0,0) = Px(0,0) = Q10 (5.1.2-6)
3

fx(1,0) = p,(1,0) = ) ay (5.1.2-7)

i=0
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3
=0

(L) =p,(1,1) = ii a;i

i=1j=0

£:01) = pO1) = ) ay

fy(0,0) = Py(o»o) = ao1
3

fy(l:o) = Py(l»o) = aig

i=

(=}

£OD =p,OD = > ayj

j=0

1) =p,(11) = iia”j

=0 =1
fxy(O,O) = ny(o,o) =aq

3
fxy(lio) = ny(l,o) = Z ajl
i=0
3
fy (0D =y O = ) @y

j=1

fy (LD = oy (11) = iz ayij

i=1j=1

LLTHZBRS.
TS o fyr foy 11, FRESS 2 INT

fG+L)-fG+1))
2

fGj+D-fGj-1
2

fx(i:j) =

fy(i:j) =

fa+1j+D+f(i-1,j-D—fli+1,j-1D—fi—-1j+1)

fxy(ivj) = 4

L LTRDIZ. KOS, fro fys fry DD,
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(5.1.2-8)

(5.1.2-9)

(5.1.2-10)

(5.1.2-11)

(5.1.2-12)

(5.1.2-13)

(5.1.2-14)

(5.1.2-15)

(5.1.2-16)

(5.1.2-17)

(5.1.2-18)

(5.1.2-19)

(5.1.2-20)



Ao 11 Q12 Qg3
Ao Qz1 Gz QAps
d3zp 0G31 A3z 04z3

A=

Qoo Qo1 Qo2 ao3‘

1 0 o 0 [f(O,O) 01 £00 0D 1 o -3 2
_lo 0 1 o |1 f(LO) f(LY £@0 LADIfo o 3 -2
-3 3 =2 -1||£00) £0OD f£,00 fi,OD|f0 1 -2 1

2 2 1 Ulran LD £,00 fapllo 0 -1 1

(5.1.2-21)
ELTITA A 23R,
[;1
p(x,y)=[1 x x? x3]A|y2| (5.1.2-22)
ly3J

ELT, AKX Y),(0<x<1,0<y<1) OMFDMERD.
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1D
nearest neighbour linear cubic

2D
nearest neighbour bilinear bicubic

X 5.1.2-3 1 ®RIEBLIO2 RucOZEMMHRIEOHEN. OlX527-H 7T, ThxEFnZFno
FHIETHEL TN D,
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@ HWEHETT L

JEFDF BN D OB EREEE T X, £ 5.12-1 ITRTHDZ AN, Z0H
BEHERSE 7 V0L, 8 31208 CRIE LI ARDIEE T A0 5, RIBHRSY & Wi T AR
¥ L LTbOThS. BRETAVOHETIE, EBRET AN 4km X 4km ORIFE TR
DOHNTNDZ EnD, REMIOHREORBIIEILINTNDEZXNDZ L%
BEZ T, REOHREEICY -2 HEORWE IR Lz, 2, BiEmI LHEHTH
=L U, PEERREE L L.
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#5.1.2-1 HEREETT L.

Top depth (m) Vp (m/s) Vs (m/s) Density (kg/m?)

0 5000 2700 2500
2000 5200 3000 2700
5000 5400 3120 2720
7000 5700 3290 2730
10000 6000 3460 2740
12000 6300 3640 2760
15000 6500 3750 2790
18000 6850 3930 2990
19000 7800 4320 3300
20000 7900 4350 3350
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5.1.2(2) #EF

@© &S ORFEZAL

2729 _0 BORZIEL, bR LIS EBLORZIEZ 5 X 5=25 [HOFHE
M EICE LD TER LI D% 5.1.2-4, 5.1.2-5 2FNLHURT. 205 X 5 OFHFEN
i, EEFEERET LO/NIEORE S 4km X 4km O¥5y (14 OmEME) ZElck e
HTWND.

NTE 2L oY BEORZIE (M 5.1.2-4) 1%, SIS T&E (dog) ZEREXL
2. BBUOREKTRVEOREVWEZATIE, KEABNEHBETEEZTRL TS, &
JIOFEZIEE (X 5.1.2-5) TIL, 7R LSO d-n ks (K EoMERT m — B2 5 m)
ZRLTE. < OETHE, OIHISANBX 5122 IR T L9518, b N ER L
%, RESETLT, BbAEL. —HOEETIE, ISR EFT 28085
N, FRTDHEEORKMEIL, BTFTORKAMEE VNS, 2FRELTHSHETFLTY
HEERD.

Fo, BHESNWERE ECOTROEEL, ISSIOREMOOAF v T a v &K
51.2-6 \Z-d. ATy vay T, £F, BEERRBEOIREOHFIMIZKE 2T Y
MRLI @~6 BT, ZOB%EMICHE 7 o bR ER L, EBEO7 AU T 4 TR
B NHLND (14~18F). ZHIUCHIE LT, £9, MERLA R LR R K& 7
ISNERIR R OND . T ARY T ¢TI, BEET v M2 10 AT TEIES 225, 20 B04F
TE TISOER TR BRFRROND.

ZOFRERNG, FHEDO/INTA—FERDDN, ZNEORZEDLO TIHERIPREEETH
. REILARE T, BEEERAIL 0 T A—22HE LT, TNHERFTS.
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X 5.12-7 12, %5 &Tﬁ%ﬁi_ﬂﬁéﬁkﬁﬁ,(ﬁ%ﬁ)ﬂwﬁ%%m@ 2R
ZOMTIE, 5 X 5 HAITEICEREZEZLTNS. 209 b, BRSBTS TR
%m—mﬁ%%(@%%ﬁ%)%%ﬁbf%#(ﬂsm}@.lﬁ%%%ﬁ&iop,gﬁ
R D 7 Z 7 DIZIRIE, ST K > TRESERD.

W@%%uﬁk(ﬁF)fi ST ST RO IZHFI L TUSHIMET L, 0.3 mfHiE

SIT NS NN —TE & 725, HERIHAE 723~ 0 G5 LRI DEERE ARG STV 5.
7x&9%4LﬁA~E@§<@ﬁf@xﬁ<@kk%mﬁﬁﬁﬁ?#éﬁ%ﬁﬁzéﬁ
ISTE T, IS —ETIEDHEEENIEE A L7200,

Flo, TAXUT A HNOR BIL, TAXY T 4 L LTRIESNTWDN, ZOEETIX
FTRYPPIV. ZORDEFETIIT A BRREWTZOIZ, JABDOIR1E2%TT, &eLAH
ISR EFLTHhDZ ERNbND. R GIHERICHY, EHNRT RV EDETHD. =
DIRTH, T L EHILIPETT 2T 5{LAIET MTEWEIZ 235, 72721
SIS —E TR DR/ NS V.

filE = 1 L ¥ —Ge, ATV & De OFRE T, IS 1OF/MEZ BT LT, 2D (b
HWNEZDOREOT R &) % &2 Ge, De #H#EE L7z, 72721, FHE S BERERE AT
V9L b #RAY 2230 §5{LRIDOIZ 72 5> TR NI, SV 0iREEETZ LICHEE
MUETHD. TR IFIEI®HIET 5.

¥+ H0E 400 m X 400 m OB FEATENENSFED/NNT A—ZRROHNDHD, ZD
AR, RO X ANOBERET AV EZMEILIZLDOTHD. £K/3T7 A —X OFH
T, & D4akm X 4km O/NFEITHIET D K O I FEIE L AERERZEZ RO, PUR LT-.
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@  FHHY - BIRUS AR T R

R ORERS SN FHIE R T B, (K5.1.2-9) X, WiEm FY T/ 2.2 MPa, 7 %
~NYF 4T3 MPa ThoH. ZOMIE, RERIIZ Y — U BIEER 5 B3R bV Lt
LCRR/NEN (£5.1.22). Hfi & LTIMRT R0 BIZHABIL, 770 OREXVEEET
Aoy b REWEBICH D, X 5.1.2-10 [EBIIE A T Bdo, 779, &HEECOTHE (F
51.2-3) 1%, BAUCHIFETE (FR5.1.22) L0 H00KE .
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% 5.1.2-2 FTIMOTHHIE R T EOVEIE & AR TR .

Area Average Ao, (MPa) S. D. (MPa)
Entire 2.2 2.6
1 3.1 1

* 5.1.2-3 FEIMOBRIE ST RO PE & AR .

Area Average Ao; (MPa) S. D. (MPa)
Entire 2.7 2.5
1 3.5 1.0
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@ fBIEGREE - RG]

RE Ao, (3K 5.1.2-4) 1%, IS ORLIEORKIEZ T & Z7e LTRD 2. Fféiic
ISADBET L2 T, ISHERKRO & ZATHENRB LB LN, —F, &K
ISR ER Lz 2 ATIE, (AD) BEIRE FE & IZIER UL R

5.1.2-11 1A BT REETREE O Af 2R3, WiEE 2Rz R L, &K T 0.5 MPa fLfE
DIERRD LN TWD (R 5.124). WEEHETOT ANV T 4 BHICHD, B OS2
FEICR E RIIERE N R D TS, 1B O/NS R TIE, FRSIBETELAD
il USHIOEEM) %R L, BEERETIEEZNESE LY. T ALY T 0 NETIX 0.23 MPa
Tho.

F7, FERE oy ZIK 5.1.2-12 1ZRT . IS ORLIE DR KM & e/ MEDEE, F5)
ST BT LTz, TelE L, RIS BE T EDADOSE (AOFRIS I TR E o7
) 1%, ERNEINT 0 & AT, B CORMEIIOVEEEE 5.1.2-5 1TRT. T A
YT 4 OFEDEINE, I T3.7MPa THY, BHASHFET&E (3.1 MPa) X0 2 HIf2fE
REV.
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K 5.1.2-4 A TRIORIEIRIE O FHIE L AR E(R .

Area Average Aay, +
Entire 0.48 0.33
1 0.23 0.11
# 5.1.2-5 HREIROEZNIET) DOFIE & EAERE.
Area Average Ao +
Entire 3 2.7
1 3.7 0.95
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® MEETxLF— - AT~ &

IR XL —Ge 1L, [FEFEEZFINELDICET LRV F—%RT. ZOET
X —E, HEOEREZ 2 br— L, BROEREIZMH-> THRKkEND 0T Hh=RL
X2, ZOMET LY —% kA5 L, AZUIHERNCERTS.

g x X —1%, BHm (WEm) (S <JSh%E, HAEMETHES L TRkObhD.
ZOFETIE, TRODLDIENBERNE D ETOXM %,

Dc
Gc = f o(u) — oy du (5.1.2-23)
0

ELTRDE. 22T, De (SN RANE 2 DBFOLNE, v TEME, o)L, ZfLu
(2T D AWIG ), ol TSI DORAIEDBAMETH 5.

[ 5.1.2-13 123K 6D HN T REE = R L X — D554 A oRd. FEI 2 & O %L ¥ — D
BF 5126 ICF DT, BETRAX L, TAXU T 4IZBWT2 MI/m?2 BRETHD.
ZHUCHL, BEmSETIE I MM RRETHD.

BT R0 &E (Do) %, ARDOERITE, IBANRRNOEOT Y & LTROESGHE
DA %K 51.2-14 (1237, EIRITE D De 23K 5.1.2-7I2F & DT,

KD7=DelE, TAXV T 4 TH Im &, ZOHBEOMBEICHTHELE LTI RE N
ERRDOENTND. bosb, RBIZEL FEROHFTTIE, LLPREDD De HRD HID
HIZH Y, OHEEIZIS T D FEEROBFZEHICE I - fh, 2005)TiX, 1m BETH L. -,
2008 5T - EIRNBRHIER 2 6F 1T LT BRET(E - fih, 2017)I28 W Ch, De 1£2~3m D
ERRD BN TS,

IS B LR WEER TR0 BOFFEFIEE LT, TR0 EERRKOREOT Y % Dc
(Dc’) & A7t J71kY H 5 Mikumo et al., 2003). Z D HETR® - D’ %X 5.1.2-15 12,
fEIk = & DA K 5.1.2-8 12T, D’ I, ISNEHEDNGRO HLD De LR, hE N
ERRD HND Z EBZND, AFFETIE D X, Dc DFDRREDHETH 5.
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3% 5.1.2-6 AFEOREE T 3L —,

Asp. Average Ge (MJ/m?) S. D. MJ/m?)
Entire 1.1 1.2
1 2.0 6.8
#5127 BT RO AT &
Area Average Dc (m) S.D. (m)
Entire 0.62 0.4
1 1.1 0.18

* 5128 FEIMOERA T~V E. TNV HERRKOKFOT Y EEZ Dc’ L L7ZbD
(Mikumo et al., 2003)
Area Average Dc' (m) S. D. (m)
Entire 0.35 0.33
1 0.81 0.24
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Bl iIsked b, v F XA LT ¢ RUIEIC X BEIRE T V0 b IERRR S 4 5K
DDHEOIIE, TR0 BIREOMEE B X - BERIARA L 95 Lol 2 L 0MT
PR TWD W Z I ERE - fh, 2005). 72720, Z O FikiciE, %90 PSR/ HAT
TRd D EITE X0,

AFHZHBNT, Wi LoIS R KiEe, L72R5R4 Ty 1%, JEABRERIS I H]#
L7zBZICh D LT E, ZORAIME7 oy M3 @ERL, (D7 E BRENICIT)
Wi A9V 4D ZREANC IR T 5. Thebbh, Z 2 TRHE LIS HRLEZ W5
ET, NIFHICEMT OB HIERRAIEA 2RO D Z LN TE D LB 265, DR
RO T, MHIERLAREZ A Xk L7z,

Wl i =TI OFRAE & 72 HFEZ Ty (X 5.1.2-2) %#[X]5.1.2-16 (2”7, ZiUTd7ed
BRI ZNT ST 5. RO T MERAARF L7 &, eikonal HHERITHE -7

1 AT AT

-1zt oy (5.1.2-24)
WZE T, WilEiE EOBIEGIREREE 2 RD 7 (K5.1.2-17). 2R MIEEREHRE L, 51
B A DT 42 R OARTEHREE Ver lZUEW 2 km/s I OIEZ /RS, AHEBIAA S OTEE S FE 1S
2T T D, Strike T20km LL L, Dip T 10 km BLEOfEL T, EEREHE I KRR
ERRSNDD, RFAZIENS W, —JF, TASLY T 1 TlE, P CAKICHES
BHEENETDHEZABHD.
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5.1.2-17 HEEERRLAREZ D454 (K] 5.1.2-16) 76RO 7= /P 2o i AR BE . I JI 8
Be R Lo I Atk E o TV .
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5.1.2(3) i

o 2 X —IZB LTI, BEHEIRICB W TRy — ) U ZAINRIB SN TEB Y, HE
FT— A FD 0.59 FIZHAIT D &0 D FER DG BTV D (Tinti et al., 2005). 5 DXIZ,
AR TORPAENRD & (KM 51.2-18), AETOMIE=RLF—1F, HEIII L TR
NV, IEHOEOHIHD TIRRETH L.

BIRET VOHEBEICHW BT ER 3 MU ETHY, MOHE & RS RE S
TS (Bl 21X 2008 4F5 F R IR (F H - fih, 2017)EH] 1 B £ TR IV Tng) =
EDD, T THEE LTz Ge 300/ NI & 7 o TW D HREEIE & D03, A7 — U v 7]l
Dy HARI I IZAML TR,

AT CTRDIZEEHR TRV & De (£5.1.2-7) 1F, Im LAFOETH-72. 2008 5 F -
BRI ICR LT, 2~3 m BREOMHEARD SR TWAGEEM - i, 2017) 23, ZZ TixEh
L&, BIFEREY S 2 L—2 g T, RIIIC 0.1~0.5 m REE OMENRIE S
DT ENZNT LR, 2016 FREAHIEE OWrJE EIT OBIHIELER D HRD =D 23 1 m F2E
LWV HEDME 54T Y (Fukuyama and Suzuki, 2016), Z i1 5 OfE & ITVMEDK D HAL T
HEERD.

FREREY 7Y — U BEEE (B 3.1.2Q3)810) IS X VRO Bz SMGA X, 7 AU 7 1 ONLE
EERFELWD, ZEZTHLATHWDENLNT10.6 MPa &, T ZTHLALTW D ERG
FEDENRDREWV. ZOFEKRIZITIWS OO BENREZ SRS, BlRA V=g
fRMT ClE, fROZEMZEZR LT, 4km X 4km O FEEE VS, PEERHIEENHIEE OfF
B & bR S FERE D BIRE T VAERR L. LvL, Je/IBE FRIZT 0 B0z
DT D DES IS NDZ L 2E2DH L, RERKREBIIREINR TR &% P
BUELTROD Z EIZHE LD, T30 B0y (T ®m0ZEME k) »B/ha<
BRHZET, I TREL/NSSROEN TV D AEEERS 5.

Fio, EEFOERT T VOHRES, FH 3 L EOBGEE F Vs, BiEsis L
L CHEEARREN TN LD BEWVEEFTE Z > T\ A 7018, EERGE Tosh ER (B
B IZBMR) RIS DA — =T a— b (IS IR T RICBIfR) &0 R R O
TEPIZ, FNENIVNEIOIHEE STV D AREE DB 2 DD . FEFTICH W B kA3,
fENTRE RN A 5.2 % 2 L 1%, T TICWK OO T S TH Y (B 21F, Guatteri
and Spudich, 2000), A EIDOEJRET /L TIED 20D L WSEETOMT & 78> T .

EHEL0MES, BHGEEOWEZIR Fie Xk 5cdhy, = 6ICkE I <aFICHE
BHSEADH Y, BEREENSMEOND LWV otk TliEET L 2RO S, BT
ke ChBEORE S) b/ RETEDLDOT, +oRZEHNMENGLh, S5ICH
JE AR 53 £ TRERTICIN 2. 0 2 2SI R D RREDET AR G650 & THREND. 20
£ O RBIRET AN OIATT UL, AT RO R 2 e/ NRICH 2 72 BRAF R R MG B
D ENRHIFREEND.
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2B, TIZTDCEDHEMPRD HNTWVDN, TNOZBHEORTHE, HKIZE 1%
Ral—valrRETITHIZELMETHD. BITHELNZENZYTHUE, ZOM
ZHEICLT, BINFTIalb—rar&2i7952&8 7T, MUED RBERREZHBHTE D
ZLENHITED.
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N
E 10} ]
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10° | —:
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10° b f Wilson et al. [2005] ]
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based on Tinti et al. (2005) Fig. 9b
. AR LR O

X 5.1.2-18 AR THOLNTMET 2L — &, BEEIEHE RO

BEEZEHLETCTey FLTWA.
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512(4) &0

2016 A& BRI OHIE (Mj7.4) 1IZ2OWT, EROA /3 — 3 URHT TR 7= i EE R
DEF NG, WEE EOISHSEHR Lz, SR LSS D, SO GRS
HRNT A =B RO BGOSR T B, HEOHEZ &6 — AN IR &
NAHEBDEY HERRNENEORHEESHE. £72, BoNEEDEHL, BRBREZ Y —
VEREIC K DT TR O b D L ARG OMERE O, ZUE, EBIEA N —
T a VAT, BULEECE R EOBAEN D, TR O E Bk A BE BN REE S5
AR o T2 2 &R0, TAUTHEVNETE O KR & &2 KREDITHRE LIz Z &I L 5 2= M40
FEDRANKMENTND EEZEZHND.

—77, WiEmESEOMET R L ¥ —Ge 1%, BHEMIROMBREIC T2 27— v 7]l
(Tinti et al., 2005) & D /N XD TH 72, IEO X OHPANTRD Hivtz. EEERELHI
DR DEEFRT R0 & De 1%, BB SHEE LTI, TR0 3#EN SRS 5D
D 2 fFVMED KD Biviz. BIFRET VOHEEITHE > 7o BB S A 3 UL L, KA
MR- 72 Z LIS L DREN DN LT EZ BN, T 2 CEEREARNINSRO M LR
EEZoND. £72, Geld, FBROEY /N EDTIEH LB DOOHKHIZ Y THY, =
AUTHEIRAH R STV T Y, HEAZE L TRD B D &7 2 BEENFSE O G B (Guatteri
and Spudich, 2000) LA TH 5.

S % b EATHHEREZ 23R D, Z DI EREEE ZRD D &, W REIR IR
IR R OB NE NS DD, T AT T ¢ NER CRUERFEE L S 22T
HEETRRA BN, FITEER S E 0 BIiF L I3V 2720w, [FEIEICIIORCRIT 503,
T ARY T 4 D OEFM OB STV E EIXRWVHEBERS D L1, A,
FUEOBRWLOHEBIZOWTHHRFT L THLMEIETH Y % 572
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Fukuyama, E. and Suzuki, W. (2016), Near-fault deformation and Dc¢" during the 2016 Mw7.1
Kumamoto earthquake, Earth, Planets and Space, 68, 194.

Graves, R. W. (1996), Simulating Seismic Wave Propagation in 3D Elastic Media Using
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5.1.3 2016 FESEIRHEOHE (Mmab.6)

A EED 3.1.3(2)TiE, 2016 4 SEIRFEHOHE (2016 4= 10 H 21 H 14 I 7 53 Mima6.6)
% R G ERIRIE LD o g B RRSE (EIR AR 1HZ LLF) 2 AW CREIRA v N— 9 Vi &
B L7=, FEFTTIX, BOoNTMEBIARSEZ D LIV TZA LT 4 RUBIEA VN —T g
V%*;@%ELkOMEﬁi Fnet A 7 = A Afifa B L, KT —t/LERIZ L HRED

WL R ZRE L TRV, 2RI 1.5 km x 1.5 km O/NEFJEICEI LT\ 5, iR
ﬁ%@6MK%7wTi\l5mqﬁm#;9_ﬁuo@ﬁ%&%%iﬁﬁﬁ%ﬁﬁﬁmﬁ
FLTWD,

AR ED 3.1.3(3)TiX, 0.1-10 Hz OJLsHES 2 %t 512, R 27U — o BIEaEIC
B RUEIRE TV (SMGA &7 V) OHEE 2T, RERAY Y — /%ﬁuﬁmﬁégf
HIEE OEPFEIL, SSRF IEIZ X o TRl &2 TV, E7o, BFULEOBIMNR 2 5T 6 HiS & x5
ELEEREEY I ab—ra UEFEM LT, 507K SMGA 7 /WIZ K 58RI IIE
BUAETE 2 B < FHEL L=, SMGA EF /L& 7 AR F ¢ Sl A ik L7555, Mgt k< ﬁ
THZERbNroTz (K5.1.3-1 2H),

AFEtTIE Okada(1992) % VT Wi i L COREE T 0 54010 S & §a005 I T &0
HEEZIT 0Tz, K5.1.3212, X0 434 & BRI BE T &4 O ik & =3, 15 b2 RIS
J1BE TR OHIFHIE-1.5MPa~8.3MPa Th o7, 7272 L., sREWE DD 5y O JJ % T W
B X D AT EOETH D AREMEN S D72, 2 2 TiE, WO ERIIS S T R
Bsh Uiz, 2 OBA RS B T ROHFPIZ-1.5MPa~3.4MPa & 72 5 (1% 5.1.3-2 O BAHERRN)
RERT Y &4 G OO IMANE DJS J18% T & (Slip hardening), F 72, IR E 703D
B2 b OO A EO)M‘?\?‘JMTE(Slip weakening) 3 il 6D VD, Wrlg bl & Frob L 7o fElk
(IX15.1.3-2 OEFARN) (SFBT 2 FHIIS ST N RO 1L 0.6MPa Th - 72, 2016 45 HURH
B OO HIE D I E T — f/kizmmmmmfﬁb HEAEQOINZ L DERA T —Y v 7%
ExDHE, ZOMBORBITIE 1 AT —VICHY T 5, 77205, Somerville et al. (1999)73 218
T % Self-similar (H CAREIRD) ZET 5 & WiERROEEE T8 T &ix 2MPa f2E & 72 %
ZENHIEEN D, — 5. Okada(1992)% FVW T S - & i _E TG T EIX 0.6MPa
Thy, MRS EHIE IR TR 2MPa f2E) X0 R /hSWiEREoTnD, 20
£ O BRHEEIS I TRV NSWEIR & LT, EBIRA = g VTSR DR AN 1B
U EORBEMEEEZ 2 —7y ML TWDZENRBEXbND, SHOBRFEETH D,
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Okada, Y. (1992): Internal deformation due to shear and tensile faults in a half-space, Bull. Seismol. Soc.
Am., 82, 1018-1040.

Somerville, P., K. Irikura, R. Graves, S. Sawada, D. Wald, N. Abrahamson, Y. Iwasaki, T. Kagawa, N.
Smith, and A. Kowada (1999): Characterizing crustal earthquake slip models for the prediction
of strong ground motion. Seism. Res. Lett., 70, 59-80.

R TR AN FEHEE AT (2017) < BIRWTE 2R E L7 B OMBEE FHITFE (L e, (CERR
2944 H 27 H).
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514 @RI A —Z ORH

AHEED 32 ITBWTERM IR A 7 — 1 » ZRIOBE 21T - T2, HEEAS(2007) TlE
X 5.1.4-1 \Z7RF X 51T 3-stgae DREJRAA 7 — VU > ZHI (K@ iEaaii(S) & it — %/NM@
DOER) ZIELTW5D, T72bb, Somerville ef al. (1999)i%. Mw6.5 FLELL T OHIEIZ DU

TIE H AR (Self-similar scaling law) TS o< MR DBHRE 72D = L &R LTz, /2. AR -
ZF(2001) (X, Mw6.5 FREELL EOHIEIZ W TITHIEE R A TE O ) S ERFUTEE 9 W@ iE o fafnic
LT, BCHEIOBEEZENLIREEL TS o« M2 OBIRICAR D Z L AR L TND, S HICHE -
f1(2013) <> Murotani ef al. (2015) [ZIES D PN HIEEN O E RKBHE 12 L 2 B RHUE O R 5%
IVAE L Mw7.4 FREELDL EOHIERIZ DWW TN R L TO TR |mOEFINI ENS oo Mot DR
W22 2 EHMBNI LIz, 2O XKD RHERBIZ K-> TEEA S — U 70| (S-Mo) 2321k
T5Z AR LI E LTIE Hanks and Bakun(2002)7234 % (X 5.1.4-1 M), Hanks and
Bakun(2002)i%, Mw6.7 FREELL TS o M2 DREfRE 725 Z L 2R LT 5,

S-Mo BAfRIZHWVT Mwé.5 %ﬂ“uF@ﬂﬁ SR C B AR (Self-similar scaling law ; S oc
MoZ®) A3k V) 32D EARE L=, Wi REEEIN T OIS T & (Ao) 1F—E(2-3MPa 2
YL 70D, —TF, HUE ﬁ%amw@mmMmswQOa IBWTIE, Mwe.s RRE (B DWW
Mw7.4 FEEE) X0 REZRMBHBEOME CTII, TOERA T —V o ZHIOME (S oo Met?)
NEDD TS, TReTrd B AR (Self-similar scaling law)iZFESW =Y T v 712 K 56
Tk FTEARE L TWDEE, TR T EITHESR OB E & I/ T B RELAR
2o

Mo=16/7 A or® (Brune, 1971)

L L7226, HIZEAHS(2017) Tl Fujii and Matsu’ura(2000) DAFZER% K4 S0 L, RO K7
RET T OIS I P&l 3.0MPa £ 725 Z L2 ELTWD, 72720, ZOfEiFn<»
PMUE LTE S CEB ENTETH Y . 20w AHFEIC OV IS H T ICmi Lo <
WHDHELTND (AR, 2004), ZD7h, ARG CIIERA L N—2 a2 VIEITTHONTZAR
BYEFT R SISO W g ECoOYYIS I T &AHEE L, B CHEEH](Self-similar
scaling law)IZ £ 2 PRSI0 T, & 5\ Fujii and Matsu’ura(2000)(2 X 2 XIS ke T b
DI AT 5 72,

2 5.1.4-1 ([ZINEE - B L= PHBIN IR T E27T, 25070, £ 5.1.4-1 THU- Iwata et
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al. (2005) % TX Asano and Iwata (2011)D#EF % [X] 5.1.4-2, [X] 5.1.4-3 |Z7~77, 7235, Iwata et al. (2005)
K TN Asano and Iwata (2011) Tl 7 A~ Y 7 ¢ FEIH(On Asperity) & 75 5 fEI(Off Asperity)|Z 4717 T
JETIRE T EZHEE LTV DA, 2 2 Tl suaEik(Off Asperity) DEHIIL I T & (A os) %
FEEANCHEE ECTOFLSHETEE LTS, Z0-H, WiEm EoFEHis kT ik
RTC, AT, R EIE(Off Asperity) DEHIIGC TIFE T (A os) IS WAEEMER D Z &1
ENBETHDL, K5.1.4-4 12K HEOFEFHFISHE TR EHEET—A 2 NOBKREZRT,
EDTDH, Mwb.5 FEELLUT Tl Somerville et al. (1999)(2 & % B 2 4H{ELHI(Self-similar scaling law)
\ZEEASNWTHE LN D YISk T & (2.3MPa) . 7=, Fujii and Matsu’ura (2000)(Z & % #4557
BT & (3.1MPa) #XFIZIRL TV D, Mw6.S 205 Mw7 FEEIZR W T, T OFIIE Ik T
EOHIMEA3FE O HAL D08, HEE S EEIEHIIL 1B T 81X Somerville ef al. (1999)d %\
I Fujii and Matsu’ura (2000){Z L 2 SR FRDIC /IR T E LB TH 5, S%I%. FRICTIREET
BOT — X &0 L, BN X580 T EOZ(LEZFHMICHRET T2 LERH D,
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1 |
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Seismic moment [Nm]
5.1.4-1 WriEmkiEaEk & gt — 2 v F OB
(SBH - HUB A, 2017)
(fk#% - Hanks and Bakun, 2002)
F5.14-1 EBRA A= 3 UREROREET RO SN OHEE SV D
P = C 0D 5 e T
Average
Earthquake Mo [Nm] |static stress Method Reference
drop [MPa]
1999F & & ChichilthFE 1.70E+20 3.8% Bouchon (1997) Iwata et al. (2005)
19994 k)L OKocaelitth = 1.52E+20 3.5% Bouchon (1997) Iwata et al. (2005)
20164416 HO1RBF25 D EEARMME (KE 4.42E+19 3.6 Ide and Takeo (1997) H28NRA report
2016 FEERiPDHE 3.47E+19 2.2 Ide and Takeo (1997) H29NRA report
1995F K& B A= 3.30E+19 4.3% Bouchon (1997) Iwata et al. (2005)
20085 F - YA EEHE 2.72E+19 4 Ide and Takeo (1997) H27NRA report
2007 RE B EHE 1.36E+19 2.5% Ripperger and Mai (2004) | Asano and Iwata(2011)
2000 EE FEERHhE 8.62E+18 1.4% Bouchon (1997) Iwata et al. (2005)
2005 M B A A HDHE 7.80E+18 2.2% Ripperger and Mai (2004) [ Asano and Iwata(2011)
20044 #him B thitith =2 7.53E+18 1.6% Ripperger and Mai (2004) Asano and Iwata(2011)
2016 SEVE hERDHEE 2.24E+18 0.6 Okada (1999) H29NRA report
19973 AERERIAFEHDME 1.40E+18 3.4% Bouchon (1997) Iwata et al. (2005)
2016 FE R E L DHE 9.00E+17 1.6 Ide and Takeo (1997) H29NRA report
2013 AREIEDHE 5.54E+17 1.9 Ide and Takeo (1997) H27NRA report
2013 F R BT RDHE 5.47E+17 1.0 Ide and Takeo (1997) H28NRA report
2005FEFEFRAHDME RARE 1.31E+17 1.6% Ripperger and Mai (2004) | Asano and Iwata(2011)

* stress drop for off—asperity area
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Table 1: Summarized stress parameters. Average and standard deviation (in parenthesis) of each
stress parameter on- and off-asperities are listed up. Stress parameter values on the asperity,
obtained from the forward ground motion simulations.

EVENTS 1995 Kobe 2000 Tottori-Ken Seibu 1999 Chichi, Taiwan 1999 Kocaeli, Turkey 1997 Kagoshima
Stress Aos | Aod | oeff | Aas | Aod | oeff Aos | Aod | oeff | Aos | Aod | oeff Aos | Aod | oeff
Parameter AV. AV. AV, AV. AV. AV, AV. AV. AV. AV, AV. AV. AV. AV. AV,

(SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.) | (SD.
On Asperity 13 15 17 19 20 22 " 13 15 16 19 21 6.8 16 20
(in MPa) (13) (12) (12) (18) (19) (17) (10) (94) | (8.9) (18) (14) (14) (6.0) (14) (13)
Off Asperity| 4.3 64 75 14 14 56 38 7.0 88 35 8.7 79 34 47 76
(in MPa) (5.7) (5.0) (7.0) (7.7) (6.0) (54) (10) (9.7) (9.6) (7.6) (7.0) (7.1) 4.7) 4.7) (5.5)
Stress 15 28,14 10 - 73
parameters (Kamae and Irikura, (Ikeda et al., 2002) (Kamae and Irikura, 2002) (Miyake et al., 2003)
on 1998)
asperities 16
from forward (Furumura et al., 2001)
waveform
modeling
(in MPa)

1999Chichi

S g s‘h%
&

2000Tottori

I 1997Kagoshima I

Depthikm)

Depthim)

SURFACE RUPTURED
ASPERITY

2 2
0 10 20 0 10 20 30 40
MPa MPa

Fig. 3: Depth dependence of average static stress drop (left) and effective stress (right) values on
the asperities for the events.

[<]5.1.4-2 Iwata et al. (20052 L 2 EFRA o 3—2 3 VEITIZ X D2 REE TR0 505
HEE S 2 A TR O SR I T  T &

Table 2

Static stress drop on and off asperities

No. Earthquake Stress drop Stress drop
on asperity off asperity
(MPa) (MPa)

1 2004 Chuetsu asp.1 7.0 1.6
asp.2 6.9

2 2005 West off Fukuoka asp.1 13.5 22
asp.2  23.0

3 Largest aftershock of #2 6.4 1.6

4 2007 Noto Hanto 9.5 25

5 2008 Iwate-Miyagi Nairiku  asp.l 17.1 1.4

asp.2 11.2

5.1.4-3  Asano and Iwata QO1IC X DEWA N —2 3 UEITIC X D AREE T XY 5AN D
HETE S 40 5 A sEIk D LA ) 5 T &
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Asano, K. and T. Iwata (2011b): Characterization of stress drops on asperities estimated from the
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5.2.1 Introduction: General approach and tasks for this study.

Due to the lack of multiple, coherent, spatially properly distributed recordings of strong-ground motions
in the vicinity of faults that can host potentially devastating, large earthquakes, numerical forward model-
ing is a necessary tool for the assessment of the variability of potential strong ground shaking. Ideally
such modeling efforts include the current knowledge of earthquake source physics as well as sufficiently
accurate simulation of the excited wave field, together with a spatially variable, realistic distribution of
near-surface geologic conditions. It is relatively straightforward to generate kinematic rupture models
with a certain level of earthquake slip heterogeneity, but this kinematic approach uses simplified assump-
tions about the temporal evolution of the rupture process and often fails to capture the essential physics of
earthquake rupture. Spontaneous dynamic rupture modeling produces a physically self-consistent kine-
matic rupture model for a single event, given a set of dynamic input parameters and a friction law. How-
ever, assigning initial conditions for each dynamic simulation is not trivial and often requires additional
assumptions.

From the standpoint of earthquake physics, the potential complexity of the problem requires an initial ap-
proach based on a simplified yet versatile mechanical model. Some previous efforts have been focused on
studying the effects of heterogeneities of fault strength and initial stress on dynamic rupture models, while
keeping the assumed friction laws as simple as possible(e.g. Ripperger et al., 2007, 2008). An inherent
difficulty in such efforts is that, from a mechanical point of view, stress and strength heterogeneities can-
not be prescribed arbitrarily as was done in earlier work. Their inter-dependence must be consistent with a
mechanical model of deformation and stress evolution over the longer time scale of the earthquake cycle.
For instance, it is expected that stress concentrations can develop at the edges of asperities (defined as
fault sub-regions delimited by frictional contrasts), introducing a correlation between stress and strength
that enhances high frequency radiation at asperity edges. Failure to account for such mechanical correla-
tions leaves the dynamic rupture modeling framework so unconstrained that virtually any outcome is pos-
sible with sufficient tuning.

In a simulation-based seismic hazard analysis, it is critical to be able to generate a large number of physi-
cally self-consistent source models whose rupture process captures the main physics of earthquake rup-
ture and is consistent with the spatio-temporal heterogeneity of past earthquakes. Such a set of source
models can be used for verification of assumptions underlying strong ground motion simulation schemes
(e.g. Irikura and Miyake, 2011) and for constraining seismic source inversion. The approach involves de-
veloping models based on idealized friction laws, slip-weakening or rate-and-state (RS) friction, to exam-
ine the impact of assumed statistical characteristics of heterogeneities (e.g., Hillers et al., 2006; Hillers et
al., 2007).

This study documents progress towards these objectives by performing quasi-dynamic multi-cycle simu-
lation (Hillers et al., 2006; Hillers et al., 2007) under the rate-and-state (RS) friction law (Dieterich, 1979;
Ruina, 1983). Each simulation is controlled by a 2D distribution of the critical slip distance, Dc, and
depth dependent frictional parameters a and b. Extending previous work (Mai et al., 2008, Song et al.,
2009), dynamic rupture parameters (stress drop, strength excess, critical distance) extracted from the mul-
ti-cycle simulations are used as input parameters in fully-dynamic single-event rupture modelling (Pitarka,
1999; Dalguer and Day, 2007; Galvez et al., 2014) under the slip-weakening (SW) friction law (Ida, 1972;
Andrews, 1976). A single RS simulation that spans about several thousand years can generate multiple
scenario earthquakes with spatio-temporal complexity similar to past earthquakes. A limited number of
RS cycle models can thereby provide a sufficiently large database of moderate-to-large earthquakes. This
event dataset is used to investigate the dynamic rupture characteristics of each single event (which may be
poorly resolved by source inversion, e.g. spatial correlation of high slip and high slip-rate areas, source
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time functions, rupture velocities, etc.) through spontaneous rupture modeling and their sensitivities to
initial input models such as the critical distance, Dc. Most importantly, individual events are not the re-
sults of ad hoc tuning of stress and strength heterogeneities; they are the results of the spatio-temporal
evolution of the governing parameters on the frictional interface in response to steady plate loading.

In order to validate the results of such simulations, we seek model events that reproduce the ground mo-
tions recorded in an earthquake: the Mw7.3 1992 Landers earthquake that occurred on the multi-segment
Landers fault system. The strike variations of the faults involved lead to natural segmentation, which is
necessary for the simulation of a broad magnitude range of earthquakes. The fault segmentation brings
complexity into the rupture process. For instance, the change of strike between fault segments enhances
strong variations of stress. In fact, Oglesby and Mai (2012) show that the normal stress varies from posi-
tive (clamping) to negative (unclamping) between fault segments, which leads to unfavorable or favorable
conditions respectively for rupture growth. The spectral element method is used for dynamic simulations
here. Earthquake cycle simulations for large earthquakes are computationally intensive and are probing
the limits of the computational resources we have available in-house. We have been running simulations
at the very edge of numerical resolution, hoping that they can be extended later if more resources become
available.

5.2.2 Earthquake multi-cycles.

For earthquake cycle modelling we adopt the rate-and-state friction law of Dietrich and Kilgore, 1994,
and solve the quasi-dynamic cycle problem with a boundary element method with adaptive time stepping
(QDYN, Luo et al., 2017ab). Once an earthquake is nucleated and reaches seismic slip velocities (> 0.1
m/s), QDYN exports the stresses and friction parameters to a rupture dynamic solver based on the spectral
element method with fixed time step (SPECFEM3D, Galvez et al., 2014; 2016) to properly resolve the
rupture process.

An important feature is that in our simulations with adaptive time stepping we naturally nucleate the rup-
ture, and the time step is decreased gradually to resolve the nucleation processes. In contrast to previous
single-rupture fully-dynamic modelling (e.g. Song and Dalguer, 2013) we do not apply any artificial pro-
cedure to accelerate the rupture initiation. QDYN is switched to SPECFEM once the slip rate reaches 0.1
m/s. The nucleation process starts before the slip rate reaches this threshold, but we do not expect that this
affects aspects of the eventual rupture that are important for strong motion simulation.

With this new approach we obtained realistic final slip, slip velocities, rupture time and rupture velocities,
similar to those observed during earthquakes. To allow for more efficient coupling of these two solvers,
we implemented parallelization with the Message Passing Interface (MPI) both in SPECFEM and QDYN.

5.2.2.1 Landers Fault System.

It is difficult to dynamically simulate small magnitude events if the rupture tends to propagate through the
whole fault without stopping. In order to avoid this problem, we consider a naturally segmented fault
system having segments of different strike. For this work it is also desirable to simulate large magnitude
events up to Mw 7.8, which are probable on inland faults. With these two problems in mind, we focus this
study on the Landers fault system (see Figure 5.2.2.1-1left), which hosted the Mw7.3 1992 Landers
earthquake that is used here for validation.

5.2.2.2 Geometry and Mesh.

The Landers fault model used in our study is composed of 5 segments. The 1992 Mw 7.3 Landers earth-
guake ruptured three fault segments: Johnson Valley Fault, Homestead Valley Fault and Camp Rock-
Emerson fault. To extend these segments to a length of 200 km (Mw?7.8), the Eureka-Peak fault and
Graves Hills-Harper fault have been added at the ends, as shown in Figure 5.2.2.1-1left. Figure 5.2.2.1-
1right plots the corresponding fault corners (see also Table 5.2.2.2-1). The fault corners in longitude and
latitude are shown in Table 1. The upper right corner inset of Figure 5.2.2.1-1right shows a 3D view of
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the fault model. The x,y,z coordinates are in kilometres. The origin of the x,y coordinates correspond to
point 4, whose latitude and longitude are 34.448 and -116.4980, respectively.

In order to mesh the complex fault system, we made use of CUBIT, a state-of-the-art hexaedral mesh
generation software. The mesh and the faults used in this study are shown in Figure 5.2.2.2-1. Minimal
Dc values available for modeling depend on the minimum mesh size. In order to allow smaller Dc values,
thus smaller nucleation area and event magnitude, we refine the mesh size along the fault (see Figure
5.2.2.2-1 right). This refinement allows accurate modeling of the rupture without strong increase of com-
puter resources, while inducing only minor disturbance on the wave propagation modeling. The grid size
of the refined fault elements is about 800 m. Each fault element contains 4 internal nodes, leading to an
average 200 m spacing on the fault.

5.2.2.3 Friction Parameters.

After testing several types of Dc distributions (random, hierarchical, lognormal) in quasi-dynamic cycle
simulations, it was found that a lognormal Dc distribution is better at reproducing observed features of
earthquake cycles, including their irregularity and magnitude distribution. In this study we prescribe the
lognormal Dc distribution shown in Figure 5.2.2.3-1, which is based on mature faults (Galvez et al.,
2017a). We consider a relatively small standard deviation typical of mature faults. The correlation length
for the Dc distribution is 2.25 km (Figure 5.2.2.3-1 top). The mean and logarithmic standard deviation
values of Dc are 0.025 m and 0.25, respectively (Figure 5.2.2.3-1 bottom). Figure 5.2.2.3-2 shows the a-b
and normal stress values as a function of depth. The region of (a-b) <0 defines the area of velocity
weakening, where events nucleate. The seismogenic zone goes down to 15 km depth, as shown in Figure
5.2.2.3-2.

5.2.2.4 Hierarchical matrix method (H-matrix) for earthquake cycle simulations applied to the 1992
Landers earthquake

In this section, we implement the Hierarchical matrix multiplication (H-matrix) method, first proposed in
earthquake cycle modelling by Ohtani et al., 2011, to perform earthquake cycle modelling for the Landers
fault system. The most computationally intensive part of the quasi-dynamic simulations is the matrix-
vector product (MVP) K*V required at each time step to update stress rates on the faults. K is a matrix
whose (i,j) component is the stress on the i-th fault cell produced by unitary slip on the j-th fault cell. For
N fault points the K matrix has size (V,N) if the slip rake is fixed and only the rake-parallel component of
shear stress is considered. V is a vector that contains the slip velocity at each fault point and it has size M.
In a trivial implementation, this MVP requires O(N?) operations and consumes most of the computing
time. To speed up the MVP for planar faults, QDYN uses the FFT technique, but this method cannot deal
with non-planar faults. For the non-planar Landers fault system we implement here the H-matrix method.

5.2.2.5 H-matrix method

The procedure to construct an H-matrix approximation of K has four parts. First, based on distance, clus-
ter trees over mesh elements are formed. The cluster trees induce row and column permutations of K.
Second, pairs of clusters are found that satisfy a criterion involving distance between the two clusters and
their diameter. Third, the requested error tolerance ¢ is mapped to tolerances on each block K. The toler-
ance specifies the maximum error allowed. Fourth, each block is approximated by the low-rank approxi-
mation (LRA) that satisfies the block’s tolerance. The K block requires O(mxn) storage, while its H-
matrix approximation requires only O(r(m+n)) storage. Ohtani et al., 2011, applied this methodology to
earthquake cycle modeling using the LRA approximation. Figure 5.2.2.5-1(a), shows the H-matrix with
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the corresponding ranks and Figure 5.2.2.5-1(b) the slip velocity at one reference point on the fault for
different error tolerances computed in Ohtani et al., 2011.

5.2.2.6 Implementation and validation of H-matrix method for QDYN

We make use of the H-matrix module “hmmvp” developed by Bradley et al., 2014. This module makes
use of the M approximation, which is a modification of LRA. The M approximation allows for greater
compression of the K matrix making MVP less time consuming than the LRA approximation for large N
values. The hmmvp module contains C++ routines that compress the K matrix and a library to compute
MVP. More details on this module are presented in Bradley et. al., 2014. We implement the hmmvp rou-
tines into the QDY N solver for earthquake cycle modeling in complex fault systems. To validate the im-
plementation, we perform earthquake cycle simulations for the planar fault shown at Figure 5.2.2.6-1top.
This fault contains the Dc distribution for Case | (mature faults) of Galvez et al., 2017a. The model runs
for a duration of about 1400 years using the FFT method and our new implementation of the H-matrix
method. The red star in Figure 5.2.2.6-1top represents the fault point taken as reference. As can be seen in
Figure 5.2.2.6-1bottom, the slip velocities at the reference point obtained using the FFT and H-matrix are
the same, validating our implementation. An additional validation of our implementation is the compres-
sion of the K matrix using the H-matrix method shown at Figure 5.2.2.6-2. This figure shows that the
original K matrix is exactly reproduced once it is extracted from the compressed K. This shows that the
original K matrix and the extracted matrices are the same, confirming the correct compression of the K
matrix using the H-matrix method.

5.2.2.7 Ruptures from earthquake cycle simulations of the Landers system

Using the implementation of the H-matrix method on QDYN, we were able to nucleate events along the
Landers fault system. We generate about 30 events (Figures 5.2.2.7-1). The simulated events span a
magnitude range of Mw 7.0-7.8 that correspond to transition between 2™ and 3™ stages in the source
scaling relationship assumed by Irikura and Miake, 2011. They nucleate on different sections of the
Landers fault system. Examples of simulated ruptures are shown in Figures 5.2.2.7-2a and 5.2.2.7-2b.

5.2.3 Validation of earthquake cycle modelling by ground motion simulation

To validate earthquake source models and strong ground motion prediction methodologies, validation “in
average” by comparison with GMPEs is used widely (e.g. Dreger et al., 2015). However, data sets that are
used for construction of GMPEs frequently have a shortage of near faults records, which in turn are
important for hazard assessment of nuclear installations. In this study we will validate earthquake cycle
models by comparison of observed and simulated records and response spectra for the Mw7.3 1992
Landers earthquake, for which many near-field strong motion records are available.

5.2.3.1 Method of validation

Among our 30 simulated events we selected events that satisfy the following criteria. (1) Magnitude
should be nearly equal to that of the 1992 Landers earthquake, Mw 7.3. (2) The event should break the
same 3 fault segments as the 1992 Landers earthquake, i.e. Johnson Valley, Homestead Valley and Camp
Rock-Emerson faults. (3) Rupture initiation should be close to the hypocentre of 1992 Landers earth-
guake. Using these criteria, we selected two simulated events, a Mw 7.3 event at time 1245.2 yr and Mw
7.31 event at time 1831.3 yr.

The slip distributions of the selected events are shown in Figure 5.2.3.1-1 and compared to the multi-
time-window source inversion result of Wald and Heaton, 1994. Other inversion results (e.g. Cohee and
Beroza, 1994; Cotton and Campillo,1995; Hernandez et al., 1999) have roughly similar slip distributions.
Other parameters of selected events are shown in Figure 5.2.3.1-2a and Figure 5.2.3.1-2b.
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Recordings of the 1992 Landers earthquakes were downloaded from the Center for Engineering Strong
Motion Data. Only processed records were used. A map of the selected stations is shown in Figure
5.2.3.1-3. The sites are divided into basin and non-basin sites using the SCEC community velocity model
(version 4, e.g. Lee and Chen, 2016).

We simulated ground motion waveforms for the two selected events without making any modifications to
their source characteristics. We use the sources generated by the dynamic models and simulate wave-
forms using separate wave propagation software. We consider only the slip rate functions in cells of the
dynamic source that have slip rate larger than 0.02 m/s. Due to the large number of cells (up to 2 million
for a Mw 7.8 event) we used the staggered grid 3D-FDM method of Graves, 1996 instead of the discrete
wavenumber method (Bouchon, 1981) widely used for 1D velocity structures.

For non-basin sites the velocity model is the 1D model WH94 used for source inversion by Wald and
Heaton, 1994 (see Table 5.2.3.1-1). They used a regional velocity model with an additional shallow low-
velocity layer that mimics thin alluvial layers at non-basin sites. The presence of such a layer is the reason
why we prefer the 1D model of Wald and Heaton, 1994, to the more detailed 3D model of the SCEC
community, which employs seismic tomography results without waveform tuning and leaves optional
shallow low-velocity layers (geotechnical layer). For the details see Figure 5.2.3.1-4.

As for basin sites we used 3D SCEC community velocity model SCECv4 (Version 4, e.g. Lee and Chen,
2016, Small et al., 2017). Shallowest low velocity layer is well modeled in this case (Figure 5.2.3.1-4).

5.2.3.2 Validation results

The shortest period resolved by our FDM simulations was 1.0 sec. The longest usable period of the ob-
served records is 10 sec. For waveform comparisons both observed and simulated waveforms are band-
pass filtered in the 1-10 sec period range. Then velocity response spectra Sv are calculated. The valid pe-
riod range of response spectra is 2-10 sec. Figure 5.2.3.2-1ab shows examples of simulated waveforms
and Sv spectra and comparison with observations.

Among 10 non-basin sites, 6 sites had good waveform fit: amplitude, duration and predominant periods
are well reproduced in the simulated waveforms. These sites are Fort Irwin, Barstow, Yermo, WW-
Swarthout, WW-Nielson and Big Bear (see Figure 5.2.3.1-3; official site names are simplified for clarity
of Figure 5.2.3.1-3). Most of these sites are in the forward direction of rupture propagation, so the di-
rectivity effect is strong. At the remaining four sites there is limited agreement between modeled and ob-
served waveforms; only peak amplitudes are reproduced. These sites are Joshua, Silent Valley, Hemet
and Phelan, and most of them are located in the backward rupture direction. The recorded waveforms at
these sites have a prominent long-period wave-packet, e.g. a wave after 40 sec at Silent Valley in Figure
5.2.3.2-1a. This wave may be the result of a smaller basin amplification that was not considered in the
simulations.

At basin sites, good waveform fit is considered in cases when both peak amplitude and duration are
roughly reproduced in simulated waveform. In the limited fit case only peak amplitudes are reproduced
usually. For examples see 5.2.3.2-1b.

However, response spectra Sv have good fit for most of sites, even for sites that have limited waveform
fit. Average observed/synthetic spectral ratios and their standard deviations are shown in Figure 5.2.3.2-2
for both selected events. There are no systematic discrepancies of average spectral ratios in the valid peri-
od range 2-10 sec for simulations of both selected events at non-basin sites and for second event at basin
sites. Simulated Sv spectra although are slightly underestimated for the first selected event, largely this
underestimation is within +/- std limits.

5.2-5



5.2.4 Trimming and scaling relations.

Examples of trimming of slip asperities and HRAs are shown in Figure 5.2.4-1 and Figure 5.2.4-2. The
same criteria and trimming procedures proposed by Somerville et al., 1999, are used both for slip asperi-
ties and HRAs. By analysis of observed source models (source inversions) Somerville, 2011, demonstrat-
ed that both cases result in similar scaling relationships.

Scaling of average slip Dave vs. seismic moment Mo is shown in Figure 5.2.4-3. Results clearly show
existence of transition between Stage 2 and Stage 3: both gradient of the scaling trend and absolute values
of Dave follow to the observed scaling.

Scaling of rupture area S vs. seismic moment Mo is shown in Figure 5.2.4-4. In this case, for Stage 3,
both gradient and absolute values of S follow observed scaling, while for Stage 2 only gradient agrees
well with observed scaling, while S-values themselves are smaller (don’t shown in Figure 5.2.4-4). The
reason is that in order to simulate smaller earthquakes for a relatively narrow seismogenic zone
(Wseis=15km) we had to increase normal stress. We expect that increasing of Wseis from 15km to the
value observed in Japan (17-18km) and simulations for a smaller mesh will allow us to get scaling in
Stage 2 compatible with observed scaling.

Scaling of total area of slip asperities Sa and total area Sh of HRAS vs. seismic moment Mo is shown in
Figure 5.2.4-5. HRAs generally follow observed scaling, but have a little smaller value. Result for slip
asperities has large scattering and noticeably underestimated. At this moment we cannot make any con-
clusions on the scaling of slip asperities. It is possible that the reason is over-smoothed ruptures from dy-
namic simulations. This may result in artificially smaller slip asperities, if the same criterion of Somer-
ville et al., 1999, is used for trimming both inverted slip distributions and dynamically simulated slip dis-
tributions.

Finally, Figure 5.2.4-6 demonstrates that assumed width of seismogenic layer is too narrow to reproduce
observed width of ruptures. It have to be increased in future research.

As shown by Luo et al., 2017b, stage 2 is generated by free surface effects. Once the rupture reaches the
free surface along dip by an attraction effect for larger earthquake magnitudes, the rupture continues
breaking the free surface and elongates along strike. During this transition process the stress drop seems
to increase with rupture length L. Once the rupture length equals 3*W, the stress drop saturates and transi-
tions to stage 3. The stress drop dependence with L and stress drop saturation for elongated surface rup-
ture has also been observed in dynamic rupture modeling in Dalguer et al., 2008, Figure 4. However in
our study the seismogenic width has been fixed to 15 Km which is smaller than the data shown in Figure
5.2.4-6. The data shows the seismogenic width is about 17 to 18 Km. By increasing the seismogenic
width by about 15% we expect to improve the transition from stage 2 to 3 as the rupture down dip will be
larger and thereby produce a larger seismic moment.

5.2.5 Discussion.
In this study we validated multi-cycle earthquake simulations by waveform simulation for particular
models. For more comprehensive validation, comparison of the ground motion attributes for all simulated

events with GMPEs is necessary. We will do this in the near future, and anticipate some tuning of param-
eter settings (fault width, normal stress, etc.) may be necessary to achieve that.
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Simulated events are a valuable data set for the study of detailed features of rupture models. Our prelimi-
nary studies (Galvez et al., 2017ab) indicate that there may be significant correlations between slip rate,
rise time, rupture velocity and Dc distribution. There are also indications that the locations of high-rate
areas are correlated with locations of high-slip areas, having the following order in space: rupture initia-
tion — high-slip area — high-rate area. If confirmed, these features may improve strong ground motion pre-
dictions.

In our simulations Dc is the only heterogeneous model parameter. Heterogeneity of stress drop and
strength excess is the spontaneous result of earthquake cycles. For this reason, correlations with Dc, the
only parameter that remains unchanged throughout multiple cycles, are most important. They may allow
us to extrapolate features observed in past earthquakes into future earthquakes on the same fault.

Finally, analysis of the discrepancy of short-period and long-period generation areas is also important. We
will examine the scaling properties of the simulated earthquakes, with a particular focus on quantifying
the distinct locations of areas of large slip and large slip velocity as a function of magnitude. The analysis
will be supported by insight from the analysis of other dynamic quantities, including rupture speed, dy-
namic stress drop, rise time and general attributes of band-pass filtered slip velocity time histories. Our
goal will be to understand the mechanical origin of the phenomenon at a sufficient level to provide a
physical basis for the formulation of simplified methods to account for distinct short- and long-period slip
in kinematic or pseudo-dynamic earthquake source generation algorithms for engineering ground motion
prediction.

5.2.6 Conclusions.

A large number of events with Mw 7.0~7.8 were successfully simulated by physics-based fully-dynamic
multi-cycle earthquake simulations. Among the large number of simulated source models, two events
have Mw and slip distribution similar to the 1992 Landers earthquake, and are suitable for validation. We
ran waveform simulations for these two models. We find that the simulated average response spectra and
waveforms for some sites are in good agreement with the recordings of the 1992 Landers earthquake.
Scaling relation for average slip Dave vs. Mo clearly confirms transition between 2™ and 3" stages and fit
observed values well. Scaling relation for rupture area S vs. Mo for 3" stage fit observed values well.
Gradient of S-Mo scaling reproduce that assumed by the recipe. However, S values in 2™ stage are
smaller. Trend of HRA’s Sa values fit that observed by Somerville et al., 1999. However, slip asperity’s
Sa values are smaller.

5.2.7 Future work.

In result of this year analysis we understand the reasons of some discrepancies between observed and
simulated source scaling and defined countermeasures that should be taken in next study. They are:

«  Width of seismogenic zone Wseis is critical parameter for 2" stage scaling.

Larger Wseis will increase both Mo of transition from 1 to 2" stage and S values for 2" stage re-
spectively.

» This year we had to reduce Wseis to 15km in order to simulate the 1992 Landers event.

« Next we are going to increase Wseis to 17-18 km and are expecting to improve the fit of the 2™
stage of S-Mo scaling, see thick dashed line in the plot.

» Also, we are going to tune Dc distributions in order to get better fit for slip asperity (Sa-Mo) scal-

ing.
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Table 5.2.2.2-1. Locations of the fault segments of the extended Landers fault model

Fault corner Longitude (deg) Latitude (deg)

1 -116.2995 33.8170

2 -116.4202 34.0710
-116.4474 34.3568

4 -116.4980 34.4480

5 -116.5486 34.5392

6 -116.9507 34.8583

7 -117.5330 35.3042

Table 5.2.3.1-1. Velocity structure model WH94 for waveforms simulation (Wald and Heaton, 1994).

Layer Thickness Vp Vs Density Qs
(km) (km/s) (km/s) (kg/m3)

Surface low-velocity 1.5 3.80 1.98 2300 30

Crustal low-velocity 2.5 5.50 3.15 2600 300

Upper crust 22.0 6.20 3.52 2700 300

Lower crust 6.0 6.80 3.83 2870 300

Mantle inf 8.00 4.64 3500 300
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Figure 5.2.2.1-1. Left: Southern California Fault system (source:
http://scedc.caltech.edu/significant/Mojave.html). Bold black lines show the Landers rupture segments
considered here. Right: Geometry of the Extended Landers Fault showing segments. Blue dots indicate
the fault segment boundaries. We included the Eureka-Peak and Gravel Hills - Harper faults to reach 200
km fault length. The upper right corner inset is the 3D view in model coordinates.
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Figure 5.2.2.2-1. Left: Mesh for the Extended Landers Fault. The red star represents the epicenter of the
Landers earthquake. Right: Mesh refinement near the fault segments.
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velocity strengthening region where (a-b) > 0.
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model. Red ellipse outline difference of SCECv4 and WH94 models for shallowest low-velocity layer
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Figure 5.2.3.2-1b. Ground motion simulation examples for basin sites: waveforms (left) and velocity re-
sponse spectra (right) for the second selected event. Blue — observed, red — simulated; response spectra:
solid — EW, dashed — NS, dotted — UD components. Top plots: example of good fit at site Redlands. Bot-
tom plots: example of limited fit at site Hot Spring.
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o do. 1978 P ERETHHE CIEX 2 U —RIEEEZ SR L, 2005 44 i b8 7
H1EE Tl Omuralieva et al. (2012) 12X % D90 % W -Wifgig # flAaE b=, S HITiKT
A%éhtﬁ& B Z v 7SR U, FEERTES TRA LU TIIRBFHE DO

(W Bima ik & LIca, HEROME L (D5 72 E) ZELcya L0 bER
ME%k@ﬁE%Mﬂﬁ%éﬁk.bﬂbﬁ#E D95 ZERH L CH AT FLsE Tl
FHIOHENS L. T AWET HI1C1E, HRITEWIE SR L5 HEIZOWTIE, #r
fg bima g s L, D95 LV %)7551/ MEEEDOELH S, Rolandone et al. (2004) THiF &7z d5

FRNTTND 5% (Z& ENDERDAMOVERE) 2 EOWRANE A 6NDS. LV wEY)R
FHEFRER IC OV TS %®&%T%é 2L, ZOXSREMIC OV T, HERESE
BB 2 AW 0 R ORRGEIZ RS\ e B¢, EET2 2 ENEETHY, K@k
PRI DWW TIIS B OMETH 5.

2, #EESINIWEE - WER OGO WEEENOHEE LTcE— A b,
Fnet |IZRXDHIEE— A ML DT, FEIGWIEE CTHRA LICHE CIIRMFHMEO &
YW Bima iR & L2356, fEkolig Fis (DS 72 L) ZE LIZKEOE—A L M &
D HEEGHRERPE LN, 20 X0 RERIE, HEROZMELZAWZBRFTTHEDL
niz.
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6.2 FMEALRIRE T VORI N T A — 2 O AW ST FE O RGT
6.2.1 TREEFLERAEATIC K DRI LRIRE 7OV E FIE DO MG
6.2.1(1) 2016 FXIBIRALFTDOHE  (Mimab.3)

2016 FRIFIRACE O HUEIZ I W CRERIFUT L T S 72 BT O 4R A 1 = X LD
OMIEE R A TR HR LG AERET VOBELZ RN E LT, KMEOERA N
— a Ui, M OVEDTODOFEREER T U — CBBOER, BRI U — o BEgEIC &
S < REEVAERSGEIRE T LV OHEE 2 Ehi L 7.

XU DT, EREEZ U — U BIEOERICB O TE, BFIFEO 4 i (IBRO02 : K-NET
/i#k, IBR0O02 : K-NET H7, IBR0O04 : K-NET K%, IBRH16 : KiK-net [L15) T, BiHiToO
TED T LA BN SN TS DAV BRI FR IR B & BEm i iR & 2 VW5 2 & T, &H
JSE T O 1 RICHEREE T 7L 2 WIS X » TERR L7 (1K 6.2.1(1)-1). O CTEHTHE
i U 7= SR BSOS C o B KE) H/V A7 MLVHLOFER e L, xR0 4 #5122
WCHEHOLNESBHEREET VOZSEARGELT-. 612, Biko 4 g2 E5, A
VR—=V g VERTS 17 A ASICK L THIER Y R 2 L— g VI K D EEEETE T
NOWFEEAEmR LT, WEHY I 2 L— 3 0%, KEBRMITRAELEZRE (M, 4.0)
ZRERERE L, OB & EERIEET LGRS L2 BERIE & % 0.1-1.0 Hz
DOJEMEERIE TR Uz, ZOfER, 17 S 281280 T, BUHNEE LB REE & 0—%
EHERTHIENTE, BIRA A=V a AT 2EEMETT Vv OZY M 2R T 2
ENTET-.

WIZ, BIRA 3= a2 UEFTICB W TIE, 0.1-1.0 Hz OFRELERZ W42 2 & TE
JRrE L T4 oize W%%@%%%ﬁmtt WikEm (W &(miR) 1%, DD AT
BRESNTERBEORWRBENMEZZEZIC L TRE L. ARTIE, 0.1-0.2 Hz DB 2%t
BLLIE ﬁ4/ﬂ~ya/ﬁ%#%m%ﬁ%%) > 7 LT2#I1Z, 0.1-1.0 Hz O TE % %t
BLLIZERA o N—Va v &FET 5 2 BfEOT7 I —F FEERA Lz, BRA N
—Va UfER (X 6.2.1(1)-2) IZRDFERFEMIILLTO®Y ThHDH. 1) TV DOKRER
BRI, AREERH AR AL LV AR O IBRHI3 B R IZ BRI 22D 4.5 %05 6 FH2ITHE
MWolz. 2) 1) ORTROIIZT ARY T ¢ sk A S b & & bic, FRfEERTIEd
N EEHREL, ZEFE UHEKIC HRA bl Sz, 3) 0.1-1.0 Hz OEJFEA o 3—
g EFERTDILET, 1) ORIV BLISMT G BEER I ST ICROR0RE 2D )
DNETE S, MR 2R 2 D 2 E N TE . 4) EBIFRIEEO IBRHO6 O
FEEX, TARNY T NOBERRIEREDIRIC L s TER SN EEX bND— 7,
Al U < BRUTEE O IBRH13 OB EEYIZ OHUSE FICT ARY 7 4 BSFELTEZ &R
KRE 7 MEERHO ERTH D AlREMES R Tz,

6.2.1(1)-1



BBIZ, BB ) — BRI ESHET Y I 2 L—Ta v D, 2016 FRRIFAL
O R B S 7o MRS & TRk (0.3-10 Hz) (ZFLHA T 2 72 8 O SRR Eh A i E IR
ESEFET IV (SMGA ET V) ZHEE L7-. SMGA OFIERIAAAALE, & OMIEER LA
(SE éﬁﬂ%ﬂ%‘ckfi AR AR L CRBACIRE Lz, £, BBRN7 D — o BETE
DAV D A —1 T RT A —H24, SSRFJEIC Ko CTHEBIFICHIE LTz, EIR
W OBIMR 2 & T 18 R OBIHIFLERZ X5 & LI-HUEE Y I = L— 3 VAT, 74
T —RET U U T7IZL 5T SMGA D& /NT A—F ZHEE LTc. #E L7z SMGA £ 7 /LIl
HFLERZ IR IRIC B HB L2 (K6.2.1(1)-3). SMGA €7 /U, ERAITIZ SMGAL, &
iAo R—=2 g UEEROT ARV T SEATITEIZ SMGA2 BB E N, ENEN OIS T &
I% 151 MPa Th o7z, b K REHHEEINSE S IBRHI3 O EFEEIFE L LT
SMGA2 IZ X > TAR I THE Y, IBRHI3 OE N2 SMGA BFEL TW2Z LR KR E 7ol
EEAR LR EEZOND.

VLD X 91T, 2016 FREIRAGER O MR RHZBIH S V7o isEiiskl L, ElRA v —T g

NZEDAREET R ET N, RORR 7Y — U BEIEICH-S< SMGA IZX > TENE
NELSHHTE Z N TERL. BRETT VL LTREAEMIL, BRMATICOPORE 2T
~Y, SMGA1, EJH LV ILMEEO IBRHI3 OE FICKE 230 (7 A 7 ¢ fEiK),
SMGA2 WFETHZ & Th Y, IBRHI3 ORZ BB OJFIKIL, HRE FICFELLET
ARY T 4 HDNESMGA2 IZE 5 b0 EEZHND. £T2, SMGA2 [T AXY 7 4 NOF
RYOOWET v MRERET DX A I THIEL (K 6.2.1(1)-4), &8 EUR O HIEE i
S, WrEBERARO L UTHIPERDICET LTV RN H D Z LR LN E 725
o, iR, A=V ZHlE DN, KHBEOEF /N7 A —21%, WmEOFRBED
NREHAR P HIE & it L CIE b X O#PFNERETH Y, AHE @&/ﬁ%r@b%ﬁ%f;%w
T o= Z ENRIB S LTz,
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6.2.1(1)-1 &7 LA OBBINAEE GLED) SRS T v (Rami) SR
HERETT L (GREBER) (I2X 5 Rayleigh 1 OFGR/ B & O LlE, KOV S R
wET . R, kR, FOEXENENL, M-, S-TLAICKDERERT.
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6.2.1(1)-2 HEE I N7z SMGA E7 /v (BEKER) LEET 0 0MM. NI AER 24
REORESA. KEWVEANIFHRERR, /D SWVEL SMGA OIERL A ZhEh
7.
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IBRHO6 «itaisarakiz  IBRH13 takaHac IBROO2 takaHac IBROO3 HiracH

Obs. 7.32
12.70 I' “i

8.80

N
= = ) N == :i"
.‘/" \“‘- -

Vel. (cm/s) 0.3-10 Hz | \
NS compf\\ ‘\L \ h e

/‘ e 287 370
129 —— 0\
T 171 T 210
FKS015Tanakura IBRH12 paico IBRH14 syuuoH IBR0OO4 owmiva

6.2.1(1)-3 H#HEESINT- SMGA £ /v (BOHE) EHRET0 0/, KOEFREDLOH
M TP 0.3-10 Hz TOBBEERTE () L ERBGHERE Rth) okl (NS ).

1
5| L OCBRHOB—— T ] Vel E Vel E L e g
T . Skm.- 4 . N ~ ~ofF 4 /, ol

o7 R S RN
RN R S
] SMGAZ (N

SMGA1 [ 1
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IBRH14 o
a
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Final slip (m)

16.0-75(s) 75- 19.0-10.(s)

6.2.1(1)-4 TV ORFZERFEIE & SMGA O R 2 IR 1.5 oAy 7y a vy
hChulg. K ESERMEIIL SMGA, H67 U v RiL SMGA OS24 7. BH
IR EERME, BaUAETMESINSZZhEhEkT.
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6.2.1(2) 2016 FE SR OHIE (Mnma7.4)

2016 @ IR PO HIERIL, 2016 45 11 H 22 B 5K 59 3@ BRI O N TRAE LT,
Mj7.4 ODHIETH S, 7, EBROPHHTICHND 7Y — B ERER RO D201
B ST/ MEOE I 2 G RIC K DM E D7 4 v T o 7Tk, BRI &2 1
W ERSE T T LA HEE L=, HARAIIZIE Yoshida et al. (2017) DO FIEIHEV, FHHEEZ
ES®HLD, IVEHEOEIY bEHEDREWE (KE#ERE) OERIZ ATWT4%5K
HBR A L FEE AW, T2, 2 2OREEZRAY, 74 v T 4 T BT §
LNT-HERETT L EHWT, RED0.1~03 Hz DHERE 2 AR L, BT & ik
T5HE, MU THREE EBHEEO—EIXRF T, 7V — BB LR E N
—EREMRECEZEBELLND (K62.12)-1),

BIRA =23 T, 7, WiEORHES A Snet 7 — % & - DD EIC L A ETR
friE e U, Ef, EAHIRSTIC L 2ME2HV, BS, BIIRENAED LITREL
i 2 T (MRS ) > & B AR R EE £ TOIE O, MkaIMhn®ﬁEﬁkLﬁgl6%5@
K-NET, KiK-net &1l s O EFR sk 2 FVY, 0.05-0.3 Hz DO/ KRR T ¢ v —% i LT
1A%y U CHERR L T2 IR B 2 6 51, ~ VTFH A DT 4 R A =D g UEIC K
ﬁﬁ@&%kbkoWkﬁmwgi21mf\%Eﬁi%?%kﬁ%ﬁ?%%ﬁ%%mto
ERR MG RO N K& 23R BE2 R THEEAH Y, ZOFEENT AT T ¢ L LT
FEIN5D (K 6.2.1(2)-2), —7F, HRA [ IWifEm F6ICAE S vic, MEEOMERIE,
Biliath . 9-18 FTHNT T, MEBR MRS DM MIEIZ 5 D 7 A 7 ¢ MEE L T\ 5,

WA CROTZBIRET VA S LT, FHALERIRE 7 /VIC K DB IRTE OVERR & il x 7o
(¥ 6.2.1(2)-3), WiEHRERE, BEMRANTA—=FX, A 03—V a VOREEEDEFE
Wiz, 7ARV T 4 OFKEE, 43—V arTRIESNTZLOZRAW, 10 EREHBE
B2k, EIE Yoffe B HY, A4 X2 A L= XA NE, A2 3—Ta o TRODL
T80 BRI BIE B R D 7o, BHE L7 ZIE, 0.05~0.3 Hz TiRKIRE Eixd 552
FEBRAEESC, 4o "= a v OETANPLHE LEHEREZBITX 5, BEREEE
WS OPFATLEED, ZiXdFEV RE AR, ZOHETIIFROMRBEN LY TH S
EEZHND,
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6.2.12)-1 (FEMEE SN BB OHERIEET L, (hREOHBGE, RITPHH,
BITBLALHEE I IE(0.1-0.3 Hz),
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(FOWIED A S 7> 3 v M ERT,
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6.2.1(3) 2016 FSHEURFE OHE (Mima6.6)

2016 4= S HURFEEOHIEE (2016 45 10 A 21 H 14 K 7 53 Mima6.6) (2B W CREIFTE CHl
P S AT REE O AR A T = X 5O fRBRC RIS 4 O BB FL ek & L s IR LIS D
BIRET VOMELHE LT, KRHMEOERA »— a U, BRI 7 U — B
B D < BBV AERGRIRE 7 L OHEE 2 FEhi L7-.

Z OHBEOMELREZ, BRLE CHONTRERNGERE b LIV TF AL LY 4

R #EA /A~Va/%;iwﬁmbt.%Eﬁi,ﬁm%ﬁ:xA%%i@%ﬁﬁ—
T bERIZE D %E—iéﬂﬁ CROBRELZ. RELEWREERET VA S LIZ, AT FA L
U4 v RUEIC ﬁ@@ﬁL&%EMﬁbtlﬁEﬁ% CI7ENCIE 1.5 km X 1.5 km
@¢ME_,ﬁﬁﬁm VIRBEBR AAIRFZ 73 B — JE ORISR W CIRAS 2 [FO I 23 B 3
T2 L6 0.4 s FEIFRIZ SV AR 0.8s DA L— R T o FR%A 5 N ~, FZ2Ria) %ﬁ
{ELCTHERERZHE L. 72d, AT, 1 UDICHE R % 0.1Hz~0.5Hz (J&
H2~10%) & L CTHNTZ2 30 L, Somerville et al.(1999)DF&ICHSE MY I /%2 %E
ML, EIRMEREEA R Lo, RIS, 8 EA 0.1Hz~1Hz (A8 1 #~10%) £ T
FLJE MR & CIRT CRENT A2 F2hi L 7=, T ORERG ONTZET L TlE, 70 OKRE 723
FT IR B AR ST IS A LTV D Z L AR T 72 (M 6.2.1(3)-1).

WA, ETRREETERE R MR8 %L 0.1Hz~1Hz) 7>5, Somerville et al.(1999) D ki
FOT7AXRY T o 2 L7z, £72, 5H - (2015) OHBIELIZ L Y High Rate Area (HRA)
AR Uz, WM& 2T 5 &, SAICE L CE, BEERG ST OIRIER CHFTTH D
W, TANYT 4 DOJH HRA LY REWEEE Zeo7 (¥ 6.2.13)-1 DARER (7 AR
T4), X6213)2 DEHEF (HRA)).

E%%@@%H%VF%W%iZMMNWm&ﬁM)Fmﬁ@Z%meNm(%%W)

IE 8T 5. Fio, BHEFEE, PRI E, TAXI T o OEEHET— AR

&,%ﬁ®x7~)/?m&®%% , XBOEFOFPANTH L TND Z L 2R LT,

%ﬁ%yﬂuyayﬁﬁﬁm,uT®1)f2)_owT%%Wkﬁot.1)72A
U7 4B LU HRA X, BRERMGRAMEICFELT. 2) TAXRY T 4 DORF A —=41%, H
ARE N O F O N N HIEE O S8 L IEIE 8T 5.

0.1-10 Hz OHIEEB)IxI L TIE, &L - AR (1998) TR SN2 7Y — L BEE0E
(Irikura, 1986 ; A& « fth, 1998) (2L 57+ VU —RFET U FFIEIZ LY SMGA 5 LD
%%ﬁot RERAY 7Y — B e U CE 92 BSEHIERIC1X 2016 42 10 A 21 H 12 K 12

BRI Z <A TRAE L7z Mimad.2 OHUEZfEH U7z, BRI IL 0 4 #1500 KiK-net O
¢ﬁMﬁﬁ%ﬁﬁT%5io SMGA DLERY A R7p ED/RT A —F ZiiHE LT 58,
B AA R O JED & 2 OJLMIZ SMGA #FdiE L7 BIRET VA HBE LT (M 6.2.13)-1, ¥
6.2.1(3)-2 ® SMGA1 3 XU SMGA2).

BIFA L R—=Va Nk DT ALY T 4 & SMGA & ONEMBOKZK 6.2.13)-1 (2

6.2.13)-1



HRA & SMGA & ONEBBOXEEK 6.2.13)2 1Z7-7. ZORKSNL, LFo1) —3)
WZOWTHIBNER o7, 1) SMGA DO/37 A —% 1%, BARENOIE O NN HE
DFEHE L1FIF—ET 5. 2) SMGA 1F, 7 AU T 1 #V T HRA ISEWEATICH 5. 3)
Wi ALz DWW T, BIRA =2 3 URERTIE, HREYT D BT REWRT AR T
4 F7201F HRA & L TiEH S Cnangy,  mRETHER O BT SMGA2 M3 b
D,
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622 EIFEA—V v ZHIOWE

622(1) EMHE - BEI R r— Y > 7RO

HEEARE(017)C & 2 #EE T L o B, 3-stage DEJR AT — VU > ZHNZEE STV DN,
ZOEFRAT—V U ZANTEISERA =2 a VIRITRERIC L S H D TH B, Somerville et al.
(19991 %, &MFHTE D355 E L 7= Wrg i xh U CW iR O K & S 2 KBINICHEE T 5729
REPE RO AT xE U TR0 80 0.3 (52 E & 72 258 % Wi aiEaEik & e L,
—7J7. Thingbaijam et al. (2017) 1%, REWEH L TOREE TR0 5406 LTH0 53m 0
H 2 FHBEBS%4 (Thingbaijam and Mai, 2016) (23S W\ TR EEREIR 2 iH L T\ 5, 20729
ﬁﬁéﬁM’%6wk%ﬁﬁ%’ié%%@ﬁEW®WE®ﬁﬁ_OWT@ﬁ%HOKﬁ%\
FEAEOMBTHEIT 8952 & 2B Lz, S5IC, IHERE LT 2016 £ IR O

E(Mj6.3). mm%%ﬁ%¢%@% 2(Mj6.6). 2016 4EAE & R O HIEMjT.4) DB/ T A —
&%Lmb HIEAEQOIMIC L AERA T — U o ZAlZ MG LIfE R, ¥ 6.2.2(1)-1 127”37 &

INTIBIN L IZEBIR/ ST A —Z THEBAE Q017 DOEIFEA 77—V o JHI LA TH -T2, 5I&
fex, BEAF—V JAIOEELE B LT, EBEA 3=V a VIRITICE S W BN T
A—Z O R OGN EETH 5,
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6.2.2(2) EHOKRT RV HEE A — V) > ZRIO#G

1995 4P fL i IR HIER LARE . B AREN CI3iEIME  (K-NET, KiK-net %) <°BHIAIRO =
oy MU REfH S, SR ETIEE A SRS L8 b o T BRI O MRS T — 2 3
/oD X HIThoTE T, 2016 FFREARHIBOARE@G H 26 A 1K 24 43)Tid, PEE/NHRTK
2m, TR EE TR Ilm OACEEMNEH ST D CEHL 2016), ARFHCIL, FEBUNRS
TR = [ OB ASE T O #1FRT < IR0 &30 2m~4m D KT Y ik (LMGA; Long Motion
Generation Area) ##XET H I & T, Bl SN KAEMNEZHHF T2t Z2Rr0LE (K
6.2.2(2)-1 M), X512, LMGA O X0 &1 (1975) & EAT(1990)D#EER A IR Z FHv T
MBI TE D Z L LMGA O3~ EDWBHEEE OV TR O 25 THL L 2R L
7o (X 6.22(2)-2 M), 5tkiL. LMGA OKE IXFT Y O SHKFIEIZ OV TIRFTT 5 4
BERdH D,

case001 BASE fi_0.0-0.5 ALL
208 93048 NS 50 77 0 —EW 145 133 p05 —UD -189-178
0 0 0

208 -ALL 208 -ALL 208 -ALL

112 KMMH16_NS 47 35 |, _EW 102 112 4UD 53 -84
0 0 0
-112 ALL —112 ALL -112 -ALL
106 -93051_NS 41 29 1o EW 9470 105 -UD -73 81
: : __ﬂlolh,':: "]
=] I ! 1l
=106 =TT T 1-106 T T T8 | e e |
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Time(s) Time(s) Time(s)

4 6.222)-1 (/) 2016 FREAHEE (AE) @ LMGA KON (f7) BUIZEALET & GHE B

1000.00

= = Thisstdy [Ds=78m]
st sfa (1075) & Takermura (1880)
o 55

100.00 |

1000

Fault Displacement [m]
8

Average Slip in rupture area [m]

e
=]
.

0.01
1.0E+16 1.0E+17 1.0E+18 1.0E+19 1.0E+20 1.0E+21 1.0E+22
Seismic moment [Nm]

6.2.2(2)-2 HFEOWIBEN L PO TR0 EO B

6.2.2(2)-1



6.2.3 2016 FFREAHIGE RS O RIFFFED T

2016 FREAHE R 10D = —F — & EL % Somei ef al. (2014, Pure Appl. Geophys. 171, 2747~
2766) D S a—H AT FIVHIEIZEES W THERE L, 8= 0 E N O NN =R 51 0
FER LB LN s, BFEAS— 1 v IR NETEOIE L DX IZO N TR ZIT- 2.
A TIE My 6.0 LA ED 3 MiIFE A& T My, 3.3-7.1 O 60 HEZ M5 & Uiz, e
1%, RMS =R —7%3Hii L, A7 bbb &2 RMEL /N EOTE TS Ha—F
O RE IR b MR oD I PR 2 BLADICRTAM L, FOskOBIE 2 FhE L7z, ZORER, S I~
TS Wa—FOBRET DAY MLEOIELOX 1IN EL, RELTa—F—Eki
EHET L ENARRE o7 (M 6.2.3-1, ¥ 6.2.3-2). —FHT, SEEZHNWZANXT ML
EOBEIE, RMEOWEAREIMIEC X - TAZ MVEIBIR, o—F — & @i
SNARTFE DS R S, HUEEAT % & 0 PRGBS X 2 A8 O B A RIE S
7o. S a—H AT MVHIEIZ Lo THit S 7z 2016 FREARHIER R Y OBLRIERIR A~ 7
MV, 0? BIRARY MVET S SEEREIR AN Y MV X > TR 5
ZENTERE (1M62.3-1).

HeE SN a—F —BEH L EE— A > bOBMRN D, IS T E 0.07 MPa 25 4.85
MPa O TIEH 24 65, WMEDONEEHENHERFIOIXH->E (Somei ef al., 2014) D
HFANE o7 (K6.2.3-3). F£7z, HERFIN TEED KD 2016 44 A 16 A 1 K 25
5 (My7.1) ZREBELT DL, RIINOZNLSNOHBIIAREDISNETELY ZDIFL A
EM/NE L, Somei et al. (2014) &R CMHAMG Bz, Fio, WEBFHIL > b HIFE
ENDHWEEEOTLIEHE TR LT D L, 2016 FRRAHERSIOIG M FEIT RV S
JRE R LTERY, NN HEOBIREE & L ORI 2R ETE 2R 0IS I TETH -
2 emond. IIETEOIXLSEDOHERERMAD L, WEH 17 L ORBRKRIEITE S
nighpolehy, BRERIIIG U TRIBE FTEAKRE S R2BEMA G LN (K62.3-4).
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6.3 Cﬁ‘lﬁﬂﬁ%{ﬁ%'}“}l/@/f“’j A —H @?2%30)@%
6.3.1 MEIHG T A —F DARFN S DET AL

BIECEIRE 7 A DRTA—S D5 b, TARY T4 Ol BSHI), 7AY T ¢
OIS T8, WIECRREE, T4 XF A b, &8 RECHEWE (), HIEEIAETE O L

BED 6 HHD/ST A—H IOV, BEEFERSC IS TR S DT
MEZEAT T2,
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6.3.2 EABIRET L OREE K O BB LM

RN & 2T T MU LTeA5 3T A —Z ONWIMET 2 A\ TRRA R AR 2 15045t L 72 itk
EREET VEMEL, ~A 7V v FERFE EREIIEIHRE 7Y —BEdE, B
AN TBEAE 2 1E) 12 K0 B2 HUEBREAM £ 5256 U 7. HEREh AR R E] - 2211 (1999)
(Z X DERRIMERE, e ROEE O FREERGE A L R TH 72 2 &b, WL 2Frik
LERRET MTEARERRET LV E LTHE TH D Z & 2R L.
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6.3.3 #H/NT A —F DO S & EE L - R

KNG A —=HDRFENEDET MEDOFRERICHESE, RTA—F T LICRENS EEE
L7-BIRWEE T Vo RN S r— AL LTBE L. RENS T —RIE, K42 DI/RT R
—ZIZOWTEAREBRET AN OMEBEENRE DR MHENS L, HESHN/ NS ARDR
NSO 2MHE#E 2, Bt REHEOARHENS r—AEE 2. KF2IZO0VTAALT Y v
RERFIEIC L0 #IEBEFM ATV, Z ORRITEABIRT T /L Ok 5 & i L.
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6.3.4 /XT A —H DS

EARBIE TV ESRMHN S — A O HBEEBFEANAE RO EHERIZIESNT, KON
e X DOEEICZ L HHEBEEBFUE~DORBES VARG L. 22 CORBE LT, EARE
JRET MRS 2 & RHE & 47— A O KNNGE FE 2 o MR B FEIEAL 0 bk O -3 0 -2
ﬁﬁ#k%ié Z DOFEPRNEIHE R AN L D D TRBER R E S RD RN S r—R 1T L,

FHHA~OEBENRKE\WVRT A= ThDHZ L EEWT 5. R ARNEECHH 0.1 7

(H%O%ﬁ%w2ﬂ®$W)m@$wmﬁ%%Em,mﬁ%Témmﬁﬂémié%mﬁ
REWV., BEBEOARTY XL, SHETEOAHNS LY LT AR T 4 OfE (GBS
M) OFNRKEL, ZHUIRT A —F DORFED ST K 2 HFEB)~ D F B 5\ HSFEAT Hb S
WX THERRDZZEEZBRL WD, BEBT S ORRET D &, FHH R B
X7 ALY T ¢ ONLE RETHE) ORHENESD, ISHETEOARHENSZ ERS. Zh
X, WEMGTEE CIX, 7AXRY T 4 OfE REHGH) BEDDLETANXY T £ T
OFEFEFEHOLNRELS BT Z2ZLICRRLTWE EEXLND. RKHEECHEY 1 B
(I 0.5 Fo~2 B D FH)) ~D BRI BEIX, T4 XZ A LT ARY T ¢ ONLE (5
M), BIEEHEREEICLDBONRKEL, BRIMEECEH 0.1 B CRBENRKE Mo
T 1B T B R & DEBE NSV WL R ORITRET D &, Y
B 7o BB 1T, kaﬁF%H@01@kH% T ARY T 4 ONLE GRS TTH) OARHED
ERFHRED-T-. AH%IL, BT A —ZBICB T 2 EMHBEIC O TOHT L, ER
RTA—=HRBIDONT Y FOEBEICONTHRPNEED DVNERH 5.
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6.3.5 NEMEZ R ORFELERIRE 7 VT & 2 mE A

Graves and Pitarka (2016) (LL'F, GP2016) DA A 7 U v RiEE A7z 2016 4EfE
HEBEAE (M, 7.0) (2T DM EO BRI I 2 L— a3 UHERICE ST, REEMH
B FRF ORI ERRIRE T VO Z UM E ST LT

BHHIELL T D Z>D AT » FTCEMIT-.

(AT v 71)

AT, GP2016 O ARYEHERET VA2 MES Tl L > v (Irikura and Miyake, 2011;
IM2011) (ZHAS S FEALEIRE T LV EMAEDLE D Z & T, BBAHEAREICHT 2 RE
PEZFFORFEALERIRE T VA MEEE Lo, M SN EB PRUEIRE 7 /L ClE, GP2016 (25
BE, INEVWART =NV ERFOTROVIEOIX L& 2525 & L Hig, OsEkiciTkE 7
TRYENL, Fo, WOHEIRKICIIRE R TRVEELZ G2 TND. SHICZOEBET LT
%, IM2011 DZET AXRY T 4 ET ML LMEEHETOT 4 V7 T 4 BT 4 IR L BRE
LTW5.

(GP-1) R¥JE 22 EIRE 7 /V(GP2016), (GP-2) HMHALEIRET /L (IM2011), B LT (GP-
3) GP2016 & IM2011 (ZHAS W AR ENE 2 R DR LERIRE 7L 0 3 D E T V23R E
L, £N5OEFEET WV X2 MEBREMNZ 505 L7-. HiE @Jﬁ@ﬁ%%%%iwﬁ@
JT, M 0-10Hz ORI OMER S I 2 L—ra VA FEM LT AL, AN
JE < SERFZIE, ARG DISE AT KL RotDS0 ZHEHE L L7z, Jﬁ@ﬁ%,%TwGR

JNFRHIRIZ DT - T, D 2 ET VIR TRWEERG L (K6.3.5-1). 2t
FTV GP-3 T AU T 4 FHEIC I D KT N0 @B, Higk mh%ﬁ4@ﬂ®b@éwwk
zone) ([ZRHENDKTRYEN - BT A XX A LB EDHT, GP2016 & IM2011 Dl J5 D E
IR RHH AR A2 D THD.

(A7 > 7 2)

WIZ, FEAHEARIZH L TCE RO R HMER Y I = b—1a U &5EE L, EEPrE
JET NOEFNT A —2 PWE T EES O 52X 25 2 2B RE L. BRehkt
GOERNRT A—21L, TR EMOZERBFNI S XN, T4 RAX A L, BB IEHRE,
TR EMFFOIEDDOE OFME, WERMROE(THD. L7i75>o‘(, FHE S LD HE
O DO X OFIEREKFIHEIIIEFICRE W LR PRI, GRS HES %, B
HEEBhdS K OBE T AR a3 2 MR B P (NGA-WEST2 @ GMPE ; [ 6.3.5-2) & Hu»

TRHR SN HAHER) L g L7z, TR O OHEBIOI X7 ¢ v FEofr L, HEBOIXH S
XIZbo L L EEBERIFTT T A—F FIIZOMAEDEEME L2, O OfEE, #ic
1B XD RWEMIT, BIEEREERE &30 B OIS 2 & OFREE N FHE HEE) OHRIE
L RESZESE, KO EWBERREERE & KO HOT X EOmA LY K&k
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BB Z © 7 b T 2 L RNy oTe. —HT, T4 AL APRHEBH~RIETEETL- L b
INSWZ E b ymota. £, MERRMSITHET O MO EEEE KIET L0, H
EENMRIE DO 2RAY 72 LUk 28 T/ SV, — 892, 90 X v /hEWRED Hiao
dip 4% H DT XY THrOT ARV T 4 NOIBELIEN Er &Ly E, 741V 27 748
T AR E LW EMIC AT R E OB N L VB ERIND. ZOBELOEEW
b E T, B RREEEOBER AR DRESIC L s TEASND Z L B LT,

ST, BT I 2 Lb—va VR AR, ERIRRE BRSO SRR DV TR
THUNENDS.
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64 EHIIFIalL—T 902 B EAL RFIE OB

6.4.1 BEBFRA L NN—T g URERICESWEEN )T A — X OHEE

EETHIL U EIZRBWT, ERER TRITREER 2155 720121, FEERICHAE LT HED
%ﬁ@’i’ﬁfﬁﬂ R L, 2O R AR bR /)?%T/I/@%ﬁ EP LTS ZENEHET
CBUEIR AWV BTV D RALEIRE T L OBEEE, EEPRIERE T VO B
LTV, WSS IARERIZITE ) TR SN D, ITF, BRIERRIZE SV
BB I 2 b—a VT O RELZXT TEY, BETOEFNRT A —4
ZET BT D Z 8, MEBTHOREEL, BRI LRI T v OmE Iz T
HFSh22LD12THDEBEZLND. KTRIL, B1F T A —2 DA% e b=
HEeT CHAIATL Z L2 HR9E L, 2016 FRBIRACEOHIE, 2016 44 5 R nh o HIE,
2016 FREURTEO 3 HIEA XL L LT, 3.1 OEEBHFHERA R — 3 VRIS
W, Wil BT oIS R ZEIZE LA HEE L, RN ORI & o> TARE 28 )N T
A *ﬁ@?ﬁﬂ&%ﬁﬁﬁ?’:

AHFFET /)?/l’ YN—=U g UTROTDRIRET VARSI L U CTEE T OB EN
Z 3 /)’UE# f VEHET 2 Z & C, IS ORAIECWE I ETOEA — IS BRI L
Zi; oy Lk52MG$%%ﬁ%%@%%fi 1) @SN T RO T A T ¢ fHIK
DIEEMEIL, Wi REOEEIED 2 FRERE V. 2) BRI &L, &I ED

BO%FEETH Y, TAXY T 4 TD DX DL, WiBRIKOEHED 2 (5FETh 5. 3)
T AN T A O FRIIE IR T &1L, Asano and Iwata (2011, Pure Appl Geophys., 168,
105-116) DG T RO MOE LS OFFAN (FIRAUD) T, RSEAIEOBRIT]
X9 5. 4) Risetime (Wi ET—HRTH L Z LIZK LT, Peaktime %, 7 A~V
T 4 fEETT/INE L, Wik 0.7 (FRETHDH. 5) Strength excess time (%, 7 ALY
T fEEkT/NE L, WIEAERD 0.7 5E Th 5. £z, Strength excess time (£, 7 A
VT 4 DB TREL 72558038 % . 6) Breakdown time 13, 7 ARV 7 ¢ fEIK D 73
REL, WEREDO 12 f5RETHD. 8) Aok TNV EL TNV HEIT, BWHERS 5.
9) B, FRUSRE TR, KOEISE, BWHERSH L. 1 0) @i, ST
&, KOG E TR, ROT RO EET, HERH S, 1 1) 0 #EE, #is
JIBE T L0 BRI IR T ERENIS ) LR B V. 1 2) Breakdown time 23R &
Db REL, IS FTE DB RKEV. 1 3) Strength excess #E23H Y & Peak time <°
Strength excess time 23H\Y, EWo72fEwmaA SO (X 6.4.1-1),

2016 A R O HIEE TIE, 15 DAV BIS 1B TR, /S Wb OB HEE 7z,
Fo, BONEDISTS, BRI 7 ) — BB LI TE LN D L IS
DEP GO, WEEREROBET L —Ge 1%, BHENTEOHESAI 35 27—
U > ZHI(Tinti et al., 2005) L 0 LN D TH o720, (EH X OFHANTRD b7,
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FEBEAERIN D 53R D D EEAR TV & De 1F, BEEMEAID SHEE L7 CiE, 370 3#E)
HIROBHD D 2 FRVENRO HiLTZ. Ge lE, ERo@E) o/hEHTIEHLHLODM
WL TH Y, THITHESHR S TWTD, L EL TR 5N D &+ D BEEF
ZED#E R (Guatteri and Spudich, 2000) &AM TH -7 (X 6.4.1-2).

2016 4 BHURHFEROHEE TIE, Okada(1992)D ik & AT, Wigm L TOREE -~
Y o3 bW E T LT ORISR T ROHREE 21T o 7o, Wi ETORRIS DT EO
F#E 0.6MPa TH Y., ZHITHEAQOITDDOEIRA 77— > ZHNZ S W G
Fe T & () 2MPa) (25 &7z /v (K6.4.1-3),

BJ 6.4.1-4 ([ZINEREEH U 7o B O FAYIG J)BE N RO SEME & HIEEE— A > F OBfR &R
T, KHPIZIEBE D70, Mw6.5 FEELLF Tk Somerville et al (1999)i2 Xk % B 2 AR{EHI
(Self-similar scaling law)Z 23\ CTH LS S I T & (2.3MPa), £72. Fujiiand
Matsu’ura (200012 L 2 F#IEH1E F & (3.1MPa) Z/rL T\ 5, Mw6.5 75 Mw7 FEE
IZBWT, BT OFRIGIB TREOBIMER TR S50, HEE S iz PRI R T
1% Somerville et al (1999) % % \ M Fujii and Matsuura (2000)1Z & 2 S80I 18 T
B LR TH S, S%IT, HIEARHQOITDER A 7 — 1 > AN 58S BT &
DOIEDOFEE, JENE T EORSIEFMIZOW TR 2T 20E R H 5,
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