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Applicability of dynamic rupture model given stress drop and rupture time for

strong ground motion prediction — Dipping fault model—
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Abstract: We extend a dynamic rupture model for predicting ground motions to dipping fault model
with a constant subshear rupture velocity. We calculate dynamic rupture simulations under given stress
drop and rupture time on strike-, dip-, and normal-slip faults, and then calculate a spontaneous rupture
under the given static frictional stress distribution obtained by the dynamic rupture simulations with a
constant subshear rupture velocity. The calculated rupture time and slip distributions are almost the
same as those of the dynamic rupture with a constant subshear rupture velocity, as the same as the
vertical strike-slip fault model. Although a rupture may not widely propagate with a supershear rupture
velocity in dip- and normal-slip fault, peak locations of ground velocity caused by the spontaneous
supershear rupture are obviously different from the dynamic rupture with a constant subshear rupture
velocity. Thus, a dynamic rupture model with a subshear rupture velocity is needed for a ground motion
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prediction to avoid a spontaneous supershear rupture in a characterized source model.
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Rt LRI 7 V2 AR & L@ )t RIRE T

NV WG (B20E, ATIED, 20105 ATTIEDY,
2013) IZBWTIE, Wi EIcmiEs AT 572912

XOLOTUNIWVREZREYT 55257, ZOREE,
W RRR LN S HE 2 2 CLE O MERR D
5. SUIEE ZH 2 HWIEARRIE, BRI TR S
L (Bl z1%, Andrews, 1976), ENZEBR THEN S
NTEY (Fl21E, Rosakis et al., 1999), 2002 4
Denali HiIFE72 & T, AEERFEHEL S S s 4 i
T2 L AVUREE X TCW5 (Dunham and Archuleta,
2004) 23, BLEOHE TBNI SN Z LITENTH 5.

Vo Jeg T D B E SO (m TER Ze EO RN LD, S
TR 2 2 DIEEIEEE N4 U5 (Dunham et al.,

2003) —75 T, —H, MIEMERREELN S BOEE &k
ATH, ¥TICSEHEELTIZR->TLED

(Fukuyama and Madariaga, 2000) 7=, Ja#iFHIZ 72 >
T SEHEL, ECHEEMRET 2 DIFH LV L
HEEEX LTS,

Z DRMALIRIRE 7V 2 AR L LB R R IR
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T LA AW TR I 1 2 Al ek B o R % i ok
95 7=, JHE (2016) T, AILIE 2 (2010,
2013) NHEMIEHFESETCWIMEL, £71 v
NIZEB T D IHER R A A & L TR S5 2
& T, MHEREEHE A A D HIEERE L. N
(2016) 1%, FFMALEIRTET UVIZBWT, fiER %
et & U CEN D ROREE 2 S E L, IS, filiE
e & C OB ) DI KB % §FEEIE T L TH
FEEIRREEE A SR LG A T, BEERER A R
LR s B CE D L aMmR L. HE
TERWSEIRIE T AV 7 ¢ JED O SR &
DT, HZRiE CTOME R & i KB A
X, WREERRRI 2 AR L LA L ITIE—F LT
BV, WEMIIE, ﬁ%htﬁﬁﬁﬁﬁ“ﬁ%@%
SUEE LT-BRBMOBEER S Z L LIZTEMTH S.
ZDOEIITLT, AR YE %M%Lt%ﬁ%
HEJRE7 /L (Andrews and Barall, 2011) ZE A3 5
Tl BEBHENDZ EoFEN S
%8 A DI R 2 nlkEd 2 it &R LTz,

AN (2016) TiX, SRERBETNMIEEZ S L L
TREaNB I bz, BEOHERR, WEmN
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R L TWD ZEnEL, i, HlFET~) LIk
Wrig+ <0 &RAET L. 22T, RFETIE,
LB s, e, 5 X0, EEREa x5 L L,
FRROBET 25 2729 . FUERRET 1ick VT
MR 2] A R & L CEY ) PO A G L,
WA, AREEWFZ]E T O BRGSO K E & FFEEG
1L LTHEMRBEAZFR LG AIT, R
AR L LB A BB TE 50 E 5 gk
BT 5.

2. F&

e M R 52 A IR R 60° D ITE 23 1 KL d
LETNEZEZD 1K), WEL HRz2E)-7T
WAHLDET D, WIBIZIZ2 oDOT AR T 403 H
D, IFTIE U297 a2507 AT 4 %
BIOTARVT 4, 69— FHEFE2OT AR T 4
LIRS, ZOWIEET L, SERATWE T
¥at O, 2016) THW-WEL, EStEeE b2
DEFET, HEMEZOFICLEZLDOTHD. WEH
WS SRR % 5 2 CHME IR o EB) 5 RE 22 S I
fif Z LI Lo T, WiEmE EoOBEETEREZ G R
T 5.

H 3RO EE 2 41 5 B ) 2RO g T 5 v Tk, e
W EOKSTOISNETREBREL2H2D. 208
&, Bl t=0129 7 7 v 7 ECIR B TREZ D,
ST A BEAITIR S > T <L BTRTIS ) S EE IR
TNCET S, Tbb, SIS OYIEE L D 7N
EAZBZDETRONBEY, TOKIE, T
gk o FEEAE R (55 2 X : 1da,1972; Andrews, 1976)
\ZHE-C, SIS DI ETHRTT 5. M)
HAST KT /7 & BHEEBS S DOZEN IS G T RIS H - 5.
FHREICHWE AT A =2 251 £, HEMEET L
EH2RITRT. I D OMEIE, SHE AT b E
ToOfE (N, 2016) THWEbLOE, 00
m& (BEFh, WikrE, TEWE) (ST, g
Writs I D\ & 228 2 TERE Lz, FIHIREE I O Ik
JIME FE1T 11.00 MPa, 58/E(% -0.10 MPa, 7 A~
T 4 OS5I TR 11.00 MPa, 58 1% 8.25 MPa,
W EAE OIS /M T BIE 0.00 MPa, 581X 0.01 MPa
THDH. ST ED 0 MPa O 6 T H A
PR CTEHL IO TA—FERELTCNDT-
W, HEEREHROBEZZ DD TUNSWEZREL T
W5,

AWFFEClE, Wi oK S TOIS IR T & &
A A5 25, BEEITERICIEN D D TR L,
UG 2 DIV IRER AN /2 5 E TR DB MGES.
—H, TRODPIGE ST HKIT, TR0 59 o EEEE
FRANZHE > T, SIS IS BEE)S )1 & TR %
SUE, IS TR EEE R 5 X B Rk E T T
JLERICTHD.

H 3RO EE D BB FRICIE Kase (2010) D741k
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a— FZ2MWiE. Zoa— i, SCEC/USGS v
F~—27 A KN TPVI0O THEES TS (Harris et
al.,2009). F£7-, Zoa—Fxki, GExbh-
BEFEAICET D ETROPELDLHIICEE L
a— REHWT, W@ Eof S TosBE & E
R L 2 5 2 7235 A OB 120 E 2 5H5 L 7=,
&7V v FIZET DIEERAEREZ E T O SIS 10
KRBT BEEIE YT 5B N TE
% 7= (il % 1, Miyatake, 1992 ; Mikumo and
Miyatake, 1993), 47 U » NITEIT 2 MR IGA]
Hz, %7V v RICBIT 50 O Z B2 iR L
T, IS 2RO D, Z OFREEIS 1540
ERGEESMEE LT, B, B EME Y I 21—
v g rda— K (Kase,2010) THREIKEZFHE L,
52 TR 2 B CE 20 E ) D a2 R
L, BEMOII 2L — gy OMESE I RICE
5.

3. EREER

MOIZ, G26NT-ETT N ENRT A=K TEHEL
7~ BIEM 7R EE 24 3 RS, BET R E OS54,
in-plane J7 7] & 72 5 & A T ARG D823, S 9%
WEEZBZ L. I 7T 7 2B<E1DOT ALY
T A N OREARRE 1208 2.24 km/s, 552 DT
AR T ¢ NOMEIBEARREHE 135 2.82 km/s T,
TS WIEED 0.64 15, 081 5L SIHEA T
Bl TWBHH, HB20OT AN T ¢ NOEHEE 7l
BEARIEEIEIL 47 km/s ICEEL, SIHED 1.35 5L
o TS (B3 a). £, HREOWELRE
W L5 4.07 km/s T, S FEOHE D 1.16 15 TIafk
LCWa. Wigmbomk KT~ &i3258m, HiFE
HCTORRKTR)EIL200m &7 (B3XD).
EREZ D430 1E, SRE 2B T Il D54 (I,
2016) EHERFEI L TH D0, EAMAE FAIC 1km (F
X 0.87km) FEE XV EROEDTIE, SHEOEA LD
HREENRREINTEY, £/, T30 &7,
SRERGA LV HORKEL oz, TRHIZHEME
FHOFEBLEZOND.

W D54, in-plane & 72 5 OMERE A S
MTHDHID, SHWHEELB L CHENMEET DO
1%, B1LOT AR T 4 b EEE L IFET~&
M) MERE 72D, 7 7 v 7 #BR<FE1DOT R
U T o WOMEARREHE X4 217 km/s, 5 2
DT AR T 4 NOWIERRRIE L 135 2.49 km/s
T, FNENSHHEED 0.62 1%, 0711f5L720, 2
DOT ANXY T L DERFE2 DT A T 4 Zilfliz
7RO REEKTYH, SHEHEL T CHENMRRET
5 (FE3X). 2L, BE20T7 AR T 4 Zlix
T DENERTIE, MERmMOBELZIT T, HE
DIEL TW5D., BT NEiEIckb~C, SHHE%
82 CHEENMERE T D /NS Wew, 75 S iEk
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DT FE I X459 3.35 km/s ©, SIEELL T
Lo TWD, WiEm Lo KT R0 &IFMHERIC
i, 493m &72o72 (31X d).
EWEOLA, WilE & Rk, SIEEZB 2T
AEMERET 5 OITERA H I L 72 0, EEREZ O
DX, WETEOSRAE EMREICTH LM, FH2 o0
T AR T 4 B Z T DR T OO NE
TR, 7 T 7 ZRSE 1 OT ALY
T 4 WO R E X85 217 km/s, FH2 D7
AN T N ORI XF %) 2.53 km/s T,
ENENSWHED 0.62 1%, 0.7215L 720, 250D
TARY T 4 OFRFH 2 OT AR 7 ¢ iz 7250
DY RFEIR TS, SIWHELLIT CHENMERET 25 (68
3Ke). Wrgm EDfR KT &EIF2.69m, HiFm
TORRKTRYET1.6Tm &7~ (E3X1).
WIZ, Geller (1976) (23, HERAFICHELE
AHEE (2016) TYHWEERFEE L L THWHNT
WD S I D 0.72 fi5 O CREEE 2 ik S 5 (G
4K a). BEFNMETIX, WEm Lok KT &
1£242m, HIERE TORKT D &IL2.0Im (4
B b), wWikrkE Tl Wik Eoig KT R0 EiTH#R
EIZHN, 588m (54X c), EWETIE, WEm
FoRRKT Y BT 2.66m, HFEHR TORKTRY
BiX177m (FB4Kd) Lol ZoLEHELN
T ER BRSO 3 1E, R o HEFT ik LT,
T ALY T 4 DS ZFDRITHT T, HIEZR
BEHECTCHRELZMED b REIKDONTE (S
X). Bz, BTnWiEoLse, 7TAXI T o 2z
TRNALET 2 R T, 7AXU 7 o Nl &
DHREREERZELLH -7 GBS5Ka).,
OIS TEEAICT DI L7, LY S
HWELL T CTEEESEL7-0I1201%, 7 K& RmE
DENVETHDHZ LN, —J, HkECIE
Wik D% A1, BT NiE oL, K& i
BIEEGEOnTRY (BBESKc, o). WiliECIE
Wrg 1L, EEHE HF IR T D ERE 2 Mz 5
VERH LD, FH1OT ALY T 4O ETimicE
BEERIS ST DOREWVEIEN BN D Z E BN HfF SN S.
L L, #IHIBHEE NS, BE1OTAXY T 4O
R COHEEN, EMGHOMRE COREELY
BEWED IR, H1OT AT 1 FTFHT,
FEERERBWISNER PR bR oTe. £
DIz, T ANXY T ¢ IR DAL &K &
SWLoTiE, LVHMEOREREENLEL LD
BAEbLborEEZOND. T2, WEOMLIEITIIC
KEFELTHRENELTWDR, Zihik, ETxR
W=D T T w7 A XEFESE (#l 21X, Lawn,
1993) AT RV E—TEDOET /L THIRL T\ D
Zlick s, HESTRIICEVTIE, YIHIREEE R
RT ANV T 4 ONEEZEZT, BHEOET VT
REBIROIN, TARI T 4 OMERFALTY,
W EE RIS DAL E I X > T, FRUVERE 2 RFF o0 E
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MWEL D Z LD, K TRET 5 FIETIL,
RO EZRERH & LTHW W=, #iERS A
WITEB L 52700, THENDET VORESy
fiwk BRI HEITIE, S IRIEDOAREE Ll ¢
X —DT T 7P A ZRAENME D 7 % S LT
DI EWHEENLETHD.

SR D 0.72 5 D E CHIEAZ ERFE S H - L =
OWrEHE ED3 Y, 0 EE, SRS O R
&% 55 6-8 KT /RT . &R, N0 EEE, H
SR 7RI (AR ICHE R TR/ N E DT> TN S,

SHWHED 0.72 5 OHE CHEEALERE I & X
D M F T T O EEW T & e KBl 43 A7 2 2 9-11
KN R, Fe RMUEE L, Wrlgdk 2 o L C,
Wilg FARI TR E < oo TN D . BRI kEE (B
LT 5 &, BT REE OSAIE, W ET T
psr B9 b) EWEEAR LMy GEIK D) I
IhELRD B, ER GEIRKD IXITIE R
ELirofe. ThX, WiEm Lo #ENR/NS
D THDHZENEELTWS, £, WikEOEAIE,
3 E b RELSkD LN (FBIOX). Ziid,
Wil i _E O R AT OV T, TR N KEL
IRol=Z EREEBEL WD, —F, EWEOSEAIL,
Wi AT Iy (B 11X b) 13/ &<, WEEAS
Faaksr (B 11 K d) 1R E <Red B, $hiEpk sy GF
1) XIFERBEL -7 WTFhoBEAEDL,
H 50 72 R CR AR R B A3 S W 4 8 % 5 18
OISR T RN 0MPa TH 5720, e KBl
AR ORI TV DAY, H FE AR (2 b~ C Hi)
WO — 7 13O #EIT H mIcxt L RRiMEl
FoTWDH, Tk, mEEiT g OLE LR,
EERE R E OREDOEL WYL TEX oW L &R
LTW5b. Rz, wilrfgCiEwEo%a1%, fIm
BEGEIE ) & up-dip J7 16 OMERREE N B %2 2 1)
5728, WL EOMENRE AN RKESEDD
TR B B .

555 NN LT EREBIG J1 00 A0 2 ISRt & L C
HREAME 2 352 &, Wrlgm o Ky ik, S
BHE D 0.72 [ DO E Tl T 2 EA2 HH TE 5
2, BTHWEOLESIE, EMTIWEOSE &
FlEE, HE207 ARV T 4O LTI, SHEHEEZE
Z T CRE MR T AN AE U2 (B 12K a) .
O, B1OT AT o izl T
ZEREE DR E WEIROJEICIFE L, MEIT/NE R
DHENTEY, FE1OT7ARYF 4 OB TED
WRBEZZITTIEL LD L9 2EZM T
v, —J7, WikrE (B 12Mc) BLOUEKE (56
12X e) OBEATE, SIEE 2B 2 723 CHEEN
G+ DL, 2 o007 2R T 4 FRFN &
Z T2 DD~y DA TH - T-. WikiER L O
IEWTE TIX, in-plane JiH] & 72 2 OIXMERME W TH
L1z, S POHEE A CTHIENMET 2 01%, H1
DT AXY T 4 IHEE S L AXGEE~ & o ) 58



DR - AT -

-
—

WE7eDN, ZOEMOMEEEZMZ D ENT
XTHY, WEmOAWTEEKT, SHEHEED 0.72 %
DORETEETHWELFI XL, v, Win
DOEHTAEITH, TR0 E&HMAIE, SEHEED 0.72 50
WETIEETAMEOLDZ LS HRTE TV (5
12X b,d,f).

Wrigm Eod_y, Y@ 5SS OREZ]
JE (FF13-15K) 2 H25 L, 8Tk, ke
EWEOWTHOLAE S, 5RO IR T &%
OMPa ThH D72, SIWHE A % 7= 30 CEn
BT 2TV ST ABE L CTH, Z0T 0 X
TICIEE->TLEY, FEART YL, SEHE
D072 (5 DOHE TIRIET D 7 a > b LRI AE
CTCWa., 207, HFRE CTOBWERE & K
B A (5 16-18 [X) 1%, SIHED 0.72 5D
HE CHENMRIET 2%6 GE9-11[K) &I13FE
LTCWh., ZOZEND, WEREEREEL S IEE
D 0.72 5 & L= 1=l fg €7 i, 35 Kok
PEBRIE )0 AG B GRS R & 9 2% B R RO EE & PR
WIZIESMTH D Z & NHEERTE T

KIFFEDTT N T, SHEGEED 0.72 fEDHE T
BT DA 2 L CE R0 01375 SER O 720,
HEEEN /AT 1L S I E D 0.72 {5 O E CHUEE MGG
TEHHALITE L TWER, 7 AU T ¢ fElk
T SHIEE D 0.72 15 O E TIERET Dk 2 FELC
TRWIGAITIE, HEBIOMICEEL 5 2 D nRetE
N5, L L, B sl CROEEZNCHE S 5 D1,
YR OFBEEIS NN L, 7 7 v 0T
A T 4 DIRETHET 5 PRI L B/ A
MIZE > THEEST D 2 N TEDH20ThHhD. — ik
T AR T G O FR RIS X, A RIS
HRTHOREVWEEZLND T, RELT-MEE
CREERENSBTEIND L0 b ROVELNCES 5
ZEIFEE LW, Fod, T AR T 4 ONERK
X ENRAKREDOET NV EITRRLIBETH, HEL
T BRI L CIRik 3 D ki 2 F 8L C X 72 W EIR
0N, TAXRY T o HEI S EITE I L, iE
A ~DEELIFLALERNEEZISND.

Db ko, BRI LT nWE, wiE, E
Wrig oOWTNOET VTS, BRERZZEEmE Lz
T S HHEIRE T VI L - T, W REREZ S K
HWELDTICMA T LR ATRE L le o7z, BLFED
HIEIE, MR T, WWTET Y, b LI,
EWET N THsHZ Lidi, T30 A13kkx T
D, Fim, TR AEIWEL ET—E TR,
BTN > TRELSBILLTND Z E b7 Zeu,
ZTOXORMBEENRLE LEEGAY, BIERA & BE
e LU CHHE R 2 SEOHELL FIcMmA -7
ML, A CThHdrEEZLND.

NEAET W E O 5A (N, 2016) CiRfES N
72X 918, WELEEEOREITHB W TIE, S H#H
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2016) <, 0.81% (Somerville etal., 1999 ; F D>,
2003) N 1R L 72 5 CTH A 5. BT HUbiE <l
in-plane 5[ & 25 DIFERMFRTHLHTD, S
100km ##8 %2 25 L 95 72 Wi@ Tlx, $lcT7 AR 7 ¢
WC SR E A 8 2 D RS B 2 R E T D B
LhobEBEZLND. —F, WEECEREOSLE,
in-plane 5[] & 72 5 DIXMERMA H M Th S 728, JREE
PHCHEBEEE S S HEZHZ 5 L ) BRREET D
VBT W EEZ BND. Fo-11 KRS NTZEY,
MBI L O B — 7 ONLEE, EETE S O E D
WRBLEZ I CEIbT B, £, HERENFIEHEEAR
S (2016) (ZHE - 7o HUEREhFH ClE, BB SRR
2L o T, HEBOREEW S OFHERRENILS D
L ZEBbho T, (MEFHEZESHE AN
, 2008). FOD7-, MHEELEERHEL, HHOME
PIELT, MEBHDIZL & 2T 2 0ENH
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A=
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FHW T H BRI 22k % 515 U 7255 I SRR R i
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R U 7B kg, Wik, B RO, EWEZE
BE L, REEREA 2 et & U CHE ) FaoikE 4
FHE U7z B, L] E T o SIS ) O i KE
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IZIE, 15 DT FREERIS ) A 2 E S & LTz
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Wil g <CIEWT 8 0¥ A1, in-plane Fa L 72 D D
TR FTh D7D, BTl T, A
FUPH CHEEE N S HiE A2 M2 5 Z LidneE
X bivh. UL, PIEMEEL) S up-dip H D
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HHEDANRKRELSEDDLAREELR DS, ZD2D,
FREALBIRE T VICE S B FEERE T VIZE
WC, ERZ 2SR L35 2 & T, BLFEIZHEL
Wb Z EoFEN S HEEZ B2 HMERREE
FlEd 5 Z &%, HES T2 D 5 E s
ThobetBEZDBNA.
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Table 1. Simulation parameters.

Initial crack ~ Asperities ~ Background region
Initial shear stress in the along-strike-direction
. . 73.5 MPa 73.5 MPa 62.5 MPa
for the strike-slip fault
Initial shear stress in the along-dip-direction
. . 0 MPa 0 MPa 0 MPa
for the strike-slip fault
Initial shear stress in the along-strike-direction
o 0 MPa 0 MPa 0 MPa
for the dip-slip fault
Initial shear stress in the along-dip-direction
o 73.5 MPa 73.5 MPa 62.5 MPa
for the dip-slip fault
Initial shear stress in the along-strike-direction
. 0 MPa 0 MPa 0 MPa
for the normal-slip fault
Initial shear stress in the along-dip-direction
. -73.5 MPa -73.5 MPa -62.5 MPa
for the normal-slip fault
Initial normal stress 120.0 MPa 120.0 MPa 120.0 MPa
Static coefficient of friction 0.61167 0.68125 0.52092
Dynamic coefficient of friction 0.52083 0.52083 0.52083
Slip-weakening critical distance 0.40 m 0.40 m 0.40 m
Grid interval of space 0.05 km 0.05 km 0.05 km
Grid interval of time 0.005 s 0.005 s 0.005 s

W2 BMATIBIEOFREIEN S D EEEEET L.

Table 2. Velocity structure for dynamic rupture simulations.

Depth [km] P-wave velocity [m/s] S-wave velocity [m/s] Density [kg/m?]
0.0 2100 680 2000
0.6 2700 1240 2200
1.2 3500 1810 2300
1.8 4200 2370 2500
24 5200 2940 2600
3.0 6000 3500 2700

B3k vIal—rarOE.
Table 3. Summary of simulations.

Given parameters Simulation code

Spontaneous rupture simulation Stress drop, Kase (2010)

Strength excess

Simulation assuming fixed subshear Stress drop, Code extended in this study
rupture velocity Rupture time
Spontaneous rupture simulation Stress drop, Kase (2010)

given static frictional stress Static frictional stress of dynamic rupture

distribution propagating at fixed subshear rupture

velocity
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Ground surface 15,05
0.0 487.811.2 y 18.95 25.0km

. B . \
S
A Y . .
\ \ 5 ] ] :
5 <
5 .

1N A Asperities

Initial crack

Background region

F 1. W T L. BRI R BRI A TR 60° DWTIE A 1 BB LTV D
Fig. 1. Fault model. A 60° dipping fault is set in a homogeneous elastic half-space.

Frictional coefficient

Static coefficient of friction: ug

Initial value:

Dynamic coefficient of friction: pg

» Slip
Critical displacement
(Dc)

B2, 90 g9k RS
Fig. 2. Slip-weakening friction law.
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Strike-slip case
(a) Rupture time
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Fig. 3. Rupture time (a) and slip (b) distributions of a spontaneous rupture of the strike-slip fault model shown
in Fig. 1, rupture time (c) and slip (d) distributions of a spontaneous rupture of the dip-slip fault model,
and rupture time (e) and slip (f) distributions of a spontaneous rupture of the normal-slip fault model.
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(b) Final slip
on strike-slip fault
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Fig. 4. (a) Rupture time assuming a fixed subshear rupture velocity (Vr=0.72 Vs). Slip distributions of a
dynamic rupture of the strike-slip (b), dip-slip (c), and normal-slip (d) fault model shown in Fig. 1 given
the rupture time shown in (a).
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Strike-slip case
_(a) Static frictional stress (b) Strength excess

go 3

2 2

T 5 ©

(@)} (@)}

[ C

3 10 o

() ()

2 2

g1° g

0 5 10 15 20 25 0 5 10 15 20 25
Distance along strike [km] Distance along strike [km]
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Fig. 5. Static frictional stress (a) and strength excess (b) distributions of a dynamic rupture of the strike-slip fault model shown in
Fig. 1 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs), static frictional stress (c) and strength excess (d)
distributions of a dynamic rupture of the dip-slip fault model propagating at a fixed subshear rupture velocity
(Vr=0.72 Vs), and static frictional stress (e¢) and strength excess (f) distributions of a dynamic rupture of the normal-slip
fault model propagating at a fixed subshear rupture velocity (Vr=0.72 Vs).
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Strike-slip case

(2) Slip
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Fig. 6. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c¢) of a dynamic rupture of the strike-slip fault
model shown in Fig. 1 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs). Black lines: Time histories of a
spontaneous rupture. Yellow and purple regions indicate asperities and the initial crack, respectively.
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Dip-slip case
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Fig. 7. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c¢) of a dynamic rupture of the dip-slip fault
model shown in Fig. 1 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs). Black lines: Time histories of a
spontaneous rupture. The details are the same as for Fig. 6.
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Normal-slip case
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Fig. 8. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c) of a dynamic rupture of the normal-slip
fault model shown in Fig. 1 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs). Black lines: Time histories of
a spontaneous rupture. The details are the same as for Fig. 6.
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Strike-slip case _
(a) Velocity (parallel)
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Fig. 9. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a dynamic rupture
of the strike-slip fault model shown in Fig. 1 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs) (a), distribution of
the peak absolute value (b), time histories of the fault-normal component of ground velocity (c), distribution of the peak absolute
value (d), time histories of the vertical component of ground velocity (e), and distribution of the peak absolute value (f). Black
lines: Time histories of ground velocity and distribution of the peak absolute value of a spontaneous rupture. Green, yellow, and
purple regions indicate ground surface projections of the fault plane, asperities and the initial crack, respectively. A thick green
line indicates a surface trace of the fault plane.
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Strike-slip case

(c) Velocity (normal)
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Fig. 9. (continued)
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Strike-slip case _ _
(e) Velocity (vertical)
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Dip-slip case _
(a) Velocity (parallel)
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Fig. 10. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a dynamic
rupture of the dip-slip fault model shown in Fig. 1 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs) (a),
distribution of the peak absolute value (b), time histories of the fault-normal component of ground velocity (c), distribution
of the peak absolute value (d), time histories of the vertical component of ground velocity (e), and distribution of the peak
absolute value (f). Black lines: Time histories of ground velocity and distribution of the peak absolute value of a
spontaneous rupture. The details are the same as for Fig. 9.
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Dip-slip case
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Fig. 10. (continued)
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Dip-slip case

(e) Velocity (vertical)
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Fig. 10. (continued)
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Normal-slip case

(a) Velocity (parallel)
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Fig. 11. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a dynamic rupture
of the normal-slip fault model shown in Fig. 1 propagating at a fixed subshear rupture velocity (Vr=0.72 Vs) (a), distribution of
the peak absolute value (b), time histories of the fault-normal component of ground velocity (c), distribution of the peak
absolute value (d), time histories of the vertical component of ground velocity (e), and distribution of the peak absolute value
(f). Black lines: Time histories of ground velocity and distribution of the peak absolute value of a spontaneous rupture. The

details are the same as for Fig. 9.
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Normal-slip case
(c ) Velocﬂy (normal)
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Normal-slip case
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(e) Velocity (vertical)
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Fig. 11. (continued)
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Strike-slip case

_ (a) Rupture time _ (b) Final slip
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Fig. 12. Red dashed lines: Rupture time (a) and slip (b) distributions of the spontaneous rupture on the strike-slip fault given the static
frictional stress distribution shown in Fig. 5, rupture time (c) and slip (d) distributions of the spontaneous rupture on the dip-slip
fault, and rupture time (e) and slip (f) distributions of the spontaneous rupture on the normal fault. Black lines: Rupture time
and slip distributions of a subshear rupture (Vr=0.72 Vs) shown in Fig. 4.
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Fig. 13. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c) of the spontaneous rupture on the
strike-slip fault given the static frictional stress distribution shown in Fig. 5a. Black lines: Time histories of a subshear
rupture (Vr=0.72 Vs) shown in Fig. 6. The details are the same as for Fig. 6.
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Fig. 14. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c) of the spontaneous rupture on the dip-slip fault
given the static frictional stress distribution shown in Fig. Sc. Black lines: Time histories of a subshear rupture (Vr=0.72 Vs)
shown in Fig. 7. The details are the same as for Fig. 6.
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Fig. 15. Red dashed lines: Time histories of slip (a), slip velocity (b), and shear stress (c) of the spontaneous rupture on
the normal-slip fault given the static frictional stress distribution shown in Fig. Se. Black lines: Time histories of
a subshear rupture (Vr=0.72 Vs) shown in Fig. 8. The details are the same as for Fig. 6.
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Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a
spontaneous rupture on the strike-slip fault given the static frictional stress distribution shown in Fig. 5a (a), distribution
of the peak absolute value (b), time histories of the fault-normal component of ground velocity (c), distribution of the
peak absolute value (d), time histories of the vertical component of ground velocity (e), and distribution of the peak
absolute value (f). Black lines: Time histories and distribution of peak absolute value of the fault-parallel component of
ground velocity of a subshear rupture (Vr=0.72 Vs) shown in Fig. 9. The details are the same as for Fig. 9.
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Fig. 16. (continued)
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Strike-slip case _ _
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Dip-slip case _
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Fig. 17. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a spontaneous
rupture on the dip-slip fault given the static frictional stress distribution shown in Fig. 5c (a), distribution of the peak absolute
value (b), time histories of the fault-normal component of ground velocity (c), distribution of the peak absolute value (d), time
histories of the vertical component of ground velocity (e), and distribution of the peak absolute value (f). Black lines: Time
histories and distribution of peak absolute value of the fault-parallel component of ground velocity of a subshear rupture
(Vr=0.72 Vs) shown in Fig. 10. The details are the same as for Fig. 9.
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Fig. 17. (continued)

243



DEERE T - ANiTRCST - 5 — 5 - BHIEEZ

Dip-slip case _ _
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Normal-slip case _
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Fig. 18. Red dashed lines: 2 Hz low-pass filtered time histories of the fault-parallel component of ground velocity for a spontaneous
rupture on the normal-slip fault given the static frictional stress distribution shown in Fig. 5e (a), distribution of the peak
absolute value (b), time histories of the fault-normal component of ground velocity (c), distribution of the peak absolute value
(d), time histories of the vertical component of ground velocity (e), and distribution of the peak absolute value (f). Black lines:
Time histories and distribution of peak absolute value of the fault-parallel component of ground velocity of a subshear rupture
(Vr=0.72 Vs) shown in Fig. 11. The details are the same as for Fig. 9.
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Fig. 18. (continued)
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Normal-slip case
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Fig. 18. (continued)
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