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W R BAERRIE X (BF) HERBL2AFJE AT I &8 L BETA ANALYTIC INC.
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HEZRM2F 2-310, BB 2 £ 2-4 12777,

#£ 2-3 HIESKMt

Conventional Radiocarbon Age(14CEEFY) :
HEHH . UE—DHREA(55684F)
Modern Reference Standard : SRM-4990C
EMIRDBIDMIE: 0 13CE-25%THRARIL T B LIS &> TRMKE D B OWIEET o1
HAEEL(OBP) : AD.1950
AR RBEE—ECHo-ERETS
23 Stuiver,M. and Polach,H.A.(1977) Discussion:Reporting of 14C data. Radiocarbon, 19

& 13C (permil) ¢ CORERGELIE FTROLSITIREYE (PDB) O BHLRL NSO TR E (%)
TRET S,
513G (%) =  18C7 120)[57‘&#4] —(13c/120)R%] 60
(183G 12C )[18#E]
COT, 183G/ 12C [HR#E] = 0.0112872THD.
F £ ft D BEROFHEREOERICLIREHUCBEOEHICHTHMEICKY, BERE

Hldd, BRMICEEARMOBARERD 14C ORE, oITOU-ThERE

14 CERDILE, HOBIKEBYOERRECLVBERBREERL, BEREET T,
HRELET—44yh 1 Intcall3bL<IE Marine13

H, Edwards, RL, Friedrich, M, Grootes, PM, Guilderson, TP, Haflidason, H, Hajdas, I, Hatté, C,
Heaton, TJ, Hoffmann, DL, Hughen, KA, Kaiser, KF, Kromer, B, Manning, SW, Niu, M, Reimer,

RW, Richards, DA, Scott, EM, Southon, JR, Staff, RA, Turney, CSM, van der Plicht, J Hogg,

A 2013, 'IntCal13 and Marine13 radiocarbon age calibration curves 0-50,000 years cal BP'
Radiocarbon, vol 55, no. 4, pp. 1869~1887.

HEERICOVTOS B
Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates.
Radiocarbon, 51(1), 337-360.

Reimer, PJ, Bard, E, Bayliss, A, Beck, JW, Blackwell, PG, Bronk Ramsey, C, Buck, CE, Cheng,

#* 2-4 FUBHLEL SR

REHE AMS  IEBREESK

sz - REOTLE, AT L0OER
BRI acid-alkali-acid : B - PILhY - ek

acid washes : ER#H&
acid etch : BEICkBTUFLY
none : RALIE

RS, TOfh
Bone Collagen Extraction : &, @4 OIS—5
Cellulose Extraction : K& tz)Lo— X

SHHRE  BETA ANALYTIC INC. (ISO 17025 acoredited)
4985 SW 74 Court, Miami, FI, U.S.A 33155
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56909 1 HN1-4.00_18 T E R RE
56910 | 516454 | 2 HN2-7.05.18 organic sediment 24900 100 24910 100 g%"éé’;ggafig;ﬂg::faeflﬂ - 26709 cal -24.36 | AMS-Standard | acid washes
56911 3 HN3-7.70.18 W E R RE
56912 | 516456 | 4 HS1-5.55_18 organic sediment 17230 50 17230 50 g%‘égg‘;l"afigg!gﬂ)agffz = 18643 cal -2471 | AMS-Standard | acid washes
56913 | 516457 | 5 HS2-5.8018 organic sediment 17960 50 17960 50 g%‘:’;i‘;afigﬁﬂg::;g%"f‘ ~19609 cal | 9475 | AMS-Standard | acid washes
HN2-7.05_18/56910
24910 + 100 BP Organic sediment
26000 T T T T T T
2575 Conventional radiocarbon age -
249104100 BP
& 25500 (95.4%)  27311-26709 cal BC -1
) (68.2%)  27111-26825 cal BC
c 25250+
S
E=1
S 2500
E
2]
kol 2475
§
£ 24500
8
5 24250
I3
14
24000~ -
23750 e — -
23500 T T T T T T
28000 27750 27500 27250 27000 26750 26500 26250
Calibrated date (cal BC)
2-34 HN2-7.05_18 &k 5
HS1-5.55_18/56912
17230 + 50 BP Organic sediment
17800 T T T T T T

Radiocarbon determination (BP)

Conventional radiocarbon age
17230+50 BP

(95.4%)  19022-18643 cal BC

(68.2%)  18921-18726 cal BC

T T T T T T
19350 19200 19050 18900 18750 18600 18450
Calibrated date (cal BC)

2-35 HS1-5.55_18 & fik 5
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Radiocarbon determination (BP)

17960 + 50 BP

17600+

17400

17200

HS2-5.80_18/56913

Organic sediment

Conventional radiocarbon age
17960+50 BP

(95.4%)  19991-19609 cal BC

(68.2%)  19911-19717 cal BC

20400

I I I 1 1  J 1
20250 20100 19950 19800 19650 19500 19350
Calibrated date (calBC)

2-36  HS2-5.55 18 & #i 5
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TR - PR (2016) TiE. R LU TFRRAR R O NT 1714 FIER/NEHUE OB
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2018) TIX 690 EU%OM’J\/ MIHEFIZREESNLTWRWNE LTINS, ZOFEEN
5, it;ﬁ)%m%%ﬁﬂf:ﬁ HBL U RMENE L — 2 Tk, EWE o BT
A XY M ETIZBWTHEEC (Eébbfb\focb\Tﬁbfiﬁﬁﬁméhée

Ll kX @\ FEWrBIZEBIT D b L FIRAERRICI T 1,500 4R LR O HUE H> 5 Fi A
B2z Tx o EHEEMRE, 3004FE6H25 0T 1,0004FEE525 EnTEs, —F
T, AEBBRE SO N L FRHEREE (BN, 2018) Tik 300 ERIOHENHENZ LD
1,300 FFLL L0 FORMBRABE SN D, o, T62FE LD bATOA N ME, AE ML
F T 1,878~3,060cal.BP., 3,625~4,130cal.BP. 5 L OAE b L o F ORERICH M kL~
FTOW IS 2 W %2 Nz 5 & 4,862~5,296cal.BP. L 72 %,

AR, T4 2 1M TEMELE b L FRHERE TIE, 2014 £ R B BALE 0 #E
ZEH 3MOMBEA N P EFRE Lo, APHANE X FWE D 6 B 72 L& O & E I
blerbDEBEZLNS, FUWE RN —ATHEELIToTZABREGTO L FORE
REEETHLE, TWHBTHRINIETOALA R FTHEB L TWARWAREEND S,
Dbk, o721 MFTEMLEZ ML FREICBIT D 2014 HEI2EITT D HEA
ARy MIUTIZRT 3SFEBEOMETLEFEOREEND 5,

D1714 F/NEHIFE + 762 4F 6 L < 13 841 FE O HIFE  (FF KM FE 300 4F 35 X O 1,000 4F)

@762 FFB LUV 841 FOMGE (FFRMFE 1,300 435 L O 100 )

@762 41 L < I 841 4F D M FE S 110 1,878~3,060cal.BP o HiE (73K & 4 1,300 4E 3
J T 2600~3900 4£)

2014 FREFRIEBOHEBICE W THERZR E L THBEOEIRAZB D b F LT
PR AICB W TH, BEIEICB W T2 AW E 2885 2 Lix a3, KL

Tﬁﬂﬂﬁfﬁ%&ﬁrﬂ%ﬁ%ﬂf‘% T2DHTHoTe, ZOZ i, MIEER: EOFFIGE R
LIC Rl — MR 2 R L7236, 2014 RO IR A < b 2 ik B T & 72 0o 7o A REME &2 /R
LTWb, iz, BN (2018) IBWT 1714 FF/ N B ORENHRI TE RV & b
BETLHE, 20 FBLICITUAFO L) ICBESNLIEAMBELY b —E D /7o
RIGENTIX, HEREIT ML FREm CilkBI CE R WVWAREMER H D EEZE 2 b ND, LTz
MWoOT, U472 1HFCEBLILEAE MLV FRERERICEEKI N TS 2014 12017
THHEA N MMEITOT62 4 L < 1% 841 A D HIFEF L O 1878~3060cal.BP D i 5E (7
sk JE 11,300 4535 X T8 2600 45 ~3900 4E) | TH 5 ATEEMER FEW,

ARFNZBT D b L FHE T, EEMIEFTEBIREY 2 RE 3 2 FREEHISE S
nWihnole, L Lenb, MU FRHEOBIEICE W CTHIEBIOWE A X2 kB HER
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SNDTENL, AR FORHITIHEE TERWY O DREIE A W8 OTFEN £ - T
INETHIEBL TWZ EIIH LN E R olo, EWE CTIIEE S 5 EA HEKE B
FO—REY /NS HBEFBHALE SN TWDL 0D, EWE» SEEN A LEICHET S
AIWTE TIE— |0 /b S 22 RGBSR S W E O AL LA TR WA RETE D &
Do
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22. B 70 EE

SREE) TR O R — U o TRIMER TR E AL~ — REST (PFDHA) ICHWH LT
WO HIEOHUT, WilkE o bWl i\ s S (Bl 21X Wells and Coppersmith, 1994 72
E) . BlltEEZxt R E Lizha., B3 WiE (Petersen et al., 2011) O X H 2+ T —#
BRa L AN ERTWRWORBUKRTH S (Mossand Ross, 2011) , TN HDT— X%
ERT DO, FHITHENEET D0, TNETICRAELLEMEZ XV @oifE st
MFEEHNCTRAT2ER/EZZOND, 7T a 7 OBEERIC X > THEY R FIEEZHONR
XT —ZPEFRO AN RSN TS (Bl IEXEE - i, 2014)

i ik 2 W= AN BT 2 7 a ZEZREFNZEN T LY 2 ®EN D 5, R B
DD R E CAWE X A I X HMmFHE EHE - A (1999a) X0 LH - A (1999b) AL U L
LC¥%< HD, PFDHA ICRE L7t e L CiEmE - it (2014) T, BlrfE T — &% ok
FoL L Tr e 7 ERCEERECLIBE S I 2 b—va VRERB VLR TWS, T
a7 EBROGE FEREREREA T — VIZER L TRETT BRI BB EEICR D,
o7 a7 ZROMULOF &2 F 2-7 L 2-8 1277,

& 2-7 EBREM LML (B - i, 2005)

Model scale Natural scale Model-to-prototype ratio
Length 30 mm 3 km 107°
Velocity 0.01 mm/s 0.6 mm/yr 53 X 109
silicone | 1000 kg m-3 2000 kg m™3 0.5
P I and | 1384 kg 2 2000 kg m~3 0.69
Gravity acceleration 981 ms™2 981 ms2 1
Time 2200 s 37 X108 yr 19 x 1071
Viscosity 5X10%Pas | 31X1020pPas 16X 10716
Stress |(Sto Sommg| 50 Pa 10 MPa 5X 1076
(Sand | 345 Pa 50 MPa 6.9 X 1078
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F 2-8 EBLM LML (B2 - fih, 2014)

FER Hi (M) FEHUSE(P) FEELEE(M/P)
JEE 50mm 5km
DR X GEMFM) 1,490mm 149km
HAEOIE (EMEAHH) 30° :350mm 30° :35.0km L' =1.0x107
45° :335mm 45° :33.5km
60° :320mm 60° :32.0km
N 9.81m/s’ 9.81m/s g'=10
] #8 : 1,290kg/m’ , i : p*=6.5x10"
EREE £ : 1,384kg/m’ L B p'=69x10"
#H : 325Pa . o =6.5x10°
7 £ : 345Pa 20hIE #: 5"=6.9x10°

B BHARYERD,

REOMUELIZERT D &, BLZ,

Imm & 720

- FRREERDS S

10° A4 =4 —Th 5,

WINb 52 5 /INENEIT
TR —)LTiE 100m &, EBEOWIBENMIZH D EFHFEFICRE RENMNE L

2%, LM .M (2005) &R - (2014) TH, EEAMEZEHATERVWE LT, Ak

ZEfr & CIES L U CTH MBI RE R & Ol %
PFDHA OREIWTET — Z IZH D AT @R - ih(2014) Tix, 7 wu 7 EER THIEE O
WCIEL 5 2 TR AR & TRt A > 7o Wy

PRIMTE T b OIS

AT TWD, FRICT o VERER %

25 (i B

J& 2L B 2 IEHAL L 72 E

EBHALTWD, PFDHAIZEBWTIL, FHEMECERL LZEOMBERMNITE LTS,

DX D RIATHIIE TR

fit, REROEMAELT ST,

2.2.1. REREE

ER

X7 7 U E,

2-50

OMEEX % X 2-39 12”33, WigAEDRR D FEERE
FER Lz, WMIBEMIZT ARy vy FICLVE22 WE 0y 7 BXOZED/E
+EHEITARM EZHAE DY TER L,

A SN BPAIREBRIEROMNESH IS, 7T iERE2E

W, 2 P DL E
I DEEZ



30x30(cm)

/= Be0°

IRTruE
QL 20cm — __20cm Z
\

B30

20cm

——20cm

45cm

60 cm
50cm

X 2-39 FEHRIEEHE

2.2.2. Ll D RES
FATHFIECA BER T D E DOV A XA T, K SICET 2 EHIZ 1/15000 & K E
L. HE#EEICH WS AR CRE) oS 2RIz T0E ) hERF Lz, 4
O TR TIIEER A . FEHB L ICWE OB A W =X L2 T HF— - 7 —a O
BEIRUE(2.22-) AWM= HERH Y . FIe Iz oW TiE(2.2.2-2) =X A ELAI % i 7=
VERS D,

T=c+o,tan ¢ (2.2.2-1)
o' =p"g"L" (2.2.2-2)

o8, (222-0)XOTUIBIWIIS ST, o XEEIS S, cldzb—Ta > CKED) o plEWNERE
BATHY, (22220, p*, g°. L'IIZNZIST, BE, EAMEE, £ OME
kTh s,

FRAMORET 5 S h & AREAE O RIEIZIXHE 14.9cm, £ 14.6cm, & X 9.9cm O 2D
FROT 7Y NEREANTL BN TWDADFORICT 7 VAR CHEL L EAKE A,
T2 VN EAREF G EBET Z & T A AR BB ICAE ST S (K 2-40) . 29
LCEABOBRET I mES h EREAELZ 10 BHEL, TOPHEEZRDZEZAES
h 1% 5.0cm, AASEMAE 1% 50.5° & 72 o7, K O EpixfE 5.6cm, # 5.6cm. & S 6.0cm
OT 7 VNVEBIERABETVENTANREIZ 10 BRI EHE2HT & Tk, 061
glemd Lie oo, RE, IS OMEIZZ0x 107 e D,
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h = (2ccos $)/(pg(1 — sin¢)) (2.2.2-3)

a =45 + ¢ /2 (2.2.2-4)

Pl Eo¥fEn 5 (2.2.2-3) . (Catherine and Trent, 2008) XV FHA¥IO = — 3> ¢ 1
85Pa, WHBEEE fApIX(2.2.2-4) b, 31° &b, 20O _oOX &I L L
T, ARIOERTIZE SO A7 —/L% 1/15000 & 3% E L, S s o b 1T i gk RE
R OMPEOREILS 108005 100 DFEFHICINE > TWDH Z L &R L7z (& 2-9) .

2-40 h CaDH|E

& 2-9 REBRTOMEAI (FE, 2017 12X5<)

MHE i (AT EHRAR (MERTE)  MAUE

& )& 3cm 450m 6.7 x 107°

B 0.60 g/cm? 2 g/em? 0.3

BAOM#E  9.81 m/s? 9.81 m/s? 1

Jv-Yay 84.6Pa 50M Pa 1.7 x 10~6

TRAEEA  31° 10 ~ 45° 1FIFEE
2.2.3. EERFIE

EBIEEIC EAME 3em #ESE, TRV v v XL D 52 5MEENE Imm, 2mm,
3mm, 5mm, 7mm, 10mm, 15mm, 20mm & L. 27 v FEICHEEBE O TERE 217\, &
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BB CERE(ET 72007 — % 2B Uiz, BEEJEIZIX PhotoScan % 7=, 45T
JEAET 3 [ERITEIT o 72, KA R F bR LI G E T, S Lok, v
ADOHFLNOR G ETORBEOEWIZLY, EE EOBIMNEALNAEL D, ZO0T
HEBEIETHZ LA VY HIEE O, ZOMIEEZ T ZEHZ A4V Yl &S, KB
A OB BT 42 C PhotoScan (2 KX B ALEE T SN AL Y HEig A R,

2.2.4. RERFER
FWrEAE TOMR L, KE LN SIRE LA Vi a2 LIRICRT,

2.2.4.1. 30° 1 EEH

4 2-41 SRIEANLE Omm O AV Y Eifg, KO SHITE R IKEOWE 7 vy 7 FR R
TR E O R R HALE.,
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2-42 SR IEZENL & Amm O AL Y EifR, PR E SIS R O T e oy 2 FER R
R T O LR B AL E,

2-43 SRELZENL # 2mm DAL Y iR, PR E SIS R R O W E T e o 2 R R
RIS O MR AL E,
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2-44 SRIEZEA & 3mm DAL Y EiR, IR E SIS R O T ey 2 FR R
R T O LR B AL E,

2-45 $RIEZENL & 5mm DAL Y Eifg, KOS R AR OWE T e o Z ER B
RIS O LR AL E,
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2-46 SRELZENL & Tmm O AL Y EifR, PR E SIS R O T ey 2 FER R
R T O LR B AL E,

2-47 SRIE SN B 10mm D AV Y G, KA SRR R O W E 7 oy 7 R R
RIS O R AL E,
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2-48 SR EZENL B 15mm D AV Y g, KA SR BRI OWE 7 oy 2 SR R
R T O LR B AL E,

2-49 SRIE SN B 20mm D AV Y G, KA S HRIIE BRI O W E 7 oy 7 R R
RIS O LR AL E,
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2.2.4.2. 30° 2[EAH

2-50 $RELZENL B Omm D AL Y Wi, R A SRR IR R A O Mg 7 e v 7 BER. R
£ 56T O H 3 HE B R
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2-51 $RELZENL f Amm DAL Y @i, PRSI AR R OB T v Y 2 B R
BRI T O ML R B AL E,
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2-52 $RIELZENL f 2mm DA L Y iR, PR SR I R R O e 7 e > 2 BERL R
BRI T O ML R B AL E,
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2-53 SR ELZENL i 3mm DAL Y @i, PRSI AR R OB T vy 2 B R
BRI T O ML R B AL E,
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2-54 SR ELZENL i Smm DAL Y @i, PRSI AR R OWE T v o 2 R R
BRI T O ML R B AL E,
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2-55 SR ELZENL f Tmm DAL Y @i, PR SIS AR R OWE T e o 2 R R
BRI T O ML R B AL E,
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2-56 SR ELZENL £ 10mm D AV Y g, PR AR AR AR AR O W g 7 oy 2 SR R
BRI T O ML R B AL E,
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2-57 $RELZENL £ 15mm D AV Y g, PR SRR AR AR O W e 7 oy 2 SRR R
BRI T O ML R B AL E,
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2-58 FRILZANL R 20mm DAV Y i, RGBT AR AR O WS 7 e v 7 SR
BT S O R AL E,
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2.2.4.3. 30° 3EHE

2-59 $REZNL & Omm DAL Y Eifg, KSR BB R R OWE 7 e o Z ER B
R ITTE O HL R B AL E,

2-60 SRELZAENL & Imm O AL Y Eifg, KA SHIIBER R OWE 7 e v 2 BER R
BRI T O HL R B AL

2-67



2-61 $RIEL AN & 2mm D AV Y B, IR SRR AR AR R OWTE e v R B
10, p5 AR VT T D i R PR AT,

2-62 SR ELZENL 7 3mm DAL Y iR, KA BT RER OWE T v o 7 B R
BRI T O HL R B AL
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2-63 SR ELZEN & smm DAL Y Eifg, PR E SIS R oW T ey 2 B R
R T O LR B AL E,

2-64 SREAENL B Tmm O AL Y Eifg, RO SRS R OE 7 e o 7 B R
RIS O LR AL E,
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2-65 SR ELZEN B 10mm D AV Y g, PR SR BRI O W E 7 oy 2 R R
R T O LR B AL E,

2-66 SNIE AN B 16mm O AL Y g, KA SHIIBEERRER OWE 7 o v 7 B R
RIS O LR AL E,
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2-67 SN IELZENL & 20mm D AL Y Ei, KO SRR T AR AR O g T n > s B, B
£ SRR T o M SR B AT
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2.2.4.4. 60° 1EH

4 2-68 SRIELANLE Omm O A /v Y @Eifg, KO FHIIBEMRIEEOWE 7 vy 7 FR &
SRR T T O HL R B AL E

4 2-69 $REANLE Imm O ALY Eifg, KESHITIEEBREEOWE 7 0 v 7 FR, B
BRI T O HL R B AL
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B 2-70 $REZENE 2mm DA Y i, KSR ERERERONE o v 7R, B
£ SRR T o M SR B AT

4 2-71 $RIEANLE 3mm O AL Y Eifg, KESHRITIEEBREEOWRE 7 0 v 7 FER, R
RIS O MR B ALE,
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B 2-72 $REZENLE S5mm O AN Y g, K SHRITERERERONE o v 7R, B
£ SRR T o M SR B AT

4 2-73 $RIEANLE Tmm O AL Y Eifg, KESHRITIEEMREEOWE 7 e v 7 FR, R
RIS O LR AL E,
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4 2-74 SREZANLE 10mm O ALY B, K E RIS R KR OWE 7 e v 7 FR
B SIS O MR B E,

2-75 $REZENL & 15mm DAV YV Wi, KO SRR EBEONE 7 o v 7 5BER,
o ST O R B AL R,
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2-76 $RIE AL R 20mm DAV Y Ei, IKERBRITEE R OWE 7 0 Y 7 B
B SIS O MR B E,
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2.2.4.5. 60° 2[@H

2-77 $RIEZANL R Omm DALY Wifg, K EAHRITEEREEOWE 7 0 v 7 FR, B
TR E O R R HALE.,
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2-78 $HIANLE Imm O ALY g, PR E AR R OWE 7 e Y 2 BR . R
BRI T O ML R B AL E,
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2-79 $HEANLE 2mm O AV Y g, IR G SHIIEEEAR R OWE 7 e Y 2 BR . R
BRI T O ML R B AL E,
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4 2-80 $HMLZANLE 3mm DALY Wig, RGBT AR R OWE 7 0y 7 BR R
BRI T O ML R B AL E,
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2-81 $HZANLE Smm O ALY Wiy, PR G AR R OWE 7 e Y 2 BR . R
BRI T O ML R B AL E,
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2-82 $HIANLE Tmm O ALY g, RGBT AR R OWE 7 0 Y 2 BR . R
BRI T O ML R B AL E,
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2-83 $HILZANLE 10mm DAV Y i, PRGBS AR AR OWIE 7w v 7 SR
BT O R AL E,
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2-84 $hZANLE 15mm DAV Y i, PRSI AR AR O W 7 e v 7 SR
BT S O R AL E,
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2-85 FHILZANLE 20mm DAV Y i, IR SAHRITEEE AR AR O WS 7 e v 7 SR
BT S O R AL E,
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2.2.4.6. 60° 3EE

4 2-86 SRIELANLE Omm O A /v Y @Eifg, KO FHITBERISEOWE 7 vy 7 5R &
R TS D MR I AL IE,

4 2-87 $RIEANLE Imm O ALY Eifg, KESHITIEEBREEOWE 7 0 v 7 5R, B
BRI T O HL R B AL
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B 2-88 $NEZENLE 2mm DAL Y HEi{E, K SHRITEERERONE o v 7R, B
£ SRR T o M SR B AT

4 2-89 $RIEANLE 3mm DALY Eig, KESHITIEEMREEOWE 7 0 v 7 BR, B
RIS O LR AL E,
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B 2-90 $REZENLE S5mm DA Y g, K SHRITERERERONE o v 7R, B
£ SRR T o M SR B AT

4 2-91 $RIEANLE Tmm O ALY Eifg, KESHRITIEEBREEOWE 7 0 v 7 FR, R
RIS O LR AL E,
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2-92 $RE AN R 10mm DAV Y Ei, IKESHRITEERIEROWE 7 0 v 7 R,
B SIS O MR B E,

2-93 $RIE AN R 15mm DAV Y B, IKESHRITIEEREEOWE 7 1 v 7 BR,
TR R T O R AL E,
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2-94 PRI AN R 20mm DAV Y EiR, IKESHITIEER KR OWE 7 0 v 7 R,
B SIS O MR B E,

225 RBRTHBELEEBELMICOWVT

WikE iR 23 30° DG, 600 DA, WL ERYIH O omm L Imm fRE O/ X e
BN BT TANCEE R OK Y ER D RA LD, 16mm 235 20mm (22 CHrE 21
HELTHEDODHBRERINTND ZENbnd, BXZ 500m fEOHFEE N FET
DZGEDOWWEY I 2L —2arThdIEEZETIIE, EBEOBIN TIIHRENE<
2B EMERICHIEAMAHE LWl b H 5 (LiF, 1981) . 3 EO(EBIEFIE (DEM)
DFEREZBRBULARN LR SN WEZEAICHOWTHRRT 2 & BEHERB A 60° OBAIT
5mm 22 D/ S WVENELANL OB S EE OIEIEE B Y 4 2 5T (K6 AR IZHE
HET DTN HAONDHD T, Zx EWEE MR LU, WriEoREEH (REAHR)
TIE FRANCZRAHBLL TWD, —J, WEHRA 30° Tik, 60° O — X TEKfE &
R L 72 AE 51T 15mm <° 20mm DOEZENM THE L TEBY . 2 E TlMEHEs (2
fEERR) AHEICERRAOND Z D, KEOIZITE BIZHXS T 250 (REAER) 12
U T HEEILRIWE S L IXENMEE MR LT,

2.2.6. Bl BES D& E
225 TlRAR7ZEWBOMIROICESE | 2T v FH0 AL E 3 W8 I 65 12 8l 58
BAELTWENE I PEMR LT, A0V Eg CIREEIcR YT 5 BANMRSNTE,
BAEAL L 725 — # TR @ O LA A F A BIL R N S DIZERF Lo 1o, AL lifg © L
BB FA L. o, B LT — % CHIBAM N A TN B % ) 2-95 72 6 [
2-97 |ZRT,
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X 2-95 RIWTEREAMY KR (607 . 1 [AIH) o ARALDSEIWTIE AL 2 FE A - 72 aR,

X 2-96 RIWTEGEA D AR (30° | LEIH) o ARHL2SRIWTE LN & 52 B - 72 5,
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X 2-97 FIWrERIZA M0 fR (30° | 3MIE) o PRALAEIWTE AL 2 fit 2 B - 72 a5,

REL-RIWEOW AN ZBEL LT — 20 biiils, KLz —4% (X
2-98) LTI N BEINE A (X 2-99) Zi@ 5 EWIEICEZR LizKim (X 2-100) T
NzwiAr o7z (X 2-101) . ZOFITIX, AN EIFIE 2 HBL L 72 1% 10mm 0 ZE {7 D I
ThoT=n, ZOROEMIZ/NESLSHEARDZ ENTERY, £Z T, 20mm & 15mm @
REDENL 2 TN ENFAIRY . 20mm REOEM &L L TRD, ZhEaYryvyFThHZE
5mm TIEHL L THRARENM CIEH LIZRIBE AN & Le, BB L RE R 2-10 TR
7,

— W R AR ME DA PR Ry 7 AT R MBS D D ERHE SR
TWAHR, SEOFERTIIAN Y BEBICE W T BRI AN TR D b - T,
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0 0.025 0.05m
[ S

2-98 FHMPEAROREKFZ R (30° | 1HA)

B
© ENEZAHAMO R

0 0.025 0.05m
[ S—

2-99 X L ToORIMEAN (30° | 1EIH)
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B
© ENELMHHIMO R
— WEfE

0 0.025 0.05m
[ Se—

2-100 X EToORIWEAEAN (30° | 1\H) , KAERIIX 2-101 O EZ T,
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1.02

Z720mm DB D ENTE

s

ZA15mm s D EIBTE

Height (ft)

0.92 T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Distance (ft)
2-101 2 ECoORIWEAEMTEATY (30° | 1EH) . WAL 2-100 2,

# 2-10 7 1 JEER T ORI W 28 7 3Tl A R

fEE A7 d/MD R (cm)

30
30
30
60

0.06 4.60
0.06 2.93
0.30 2.35
0.18 -1.62

— W = =
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227. FE®H

AR AR S Lo T e FEBRICE D WTEAEN 30° BELU60° DHE Ok
JEENLAZ DWW THRFT 21T - 7o, & SICBT 2 M EHIAY 1715000 D b & T, $HEZENLZ 20mm
FETEHE R B A DEMEDEINT DITE AHE R W8 2T A DR EDRPLA R STz,
Flo. WBAKEOENILY, BRENDIMBEMS G RRD 2 LRRINTZ, SEO
WilkrJg 7 a7 R TIE, WA SR S S BINTE O R SRR S v,
T CEBRR RN D RIMEEN OB LT, 3EL 4B TORFI AW, Lo T,
e REmAMT B BN — IR ESLEE Y S 2 b —v a VU CRIE 23+ 5 LT, 7
T FEBOAMENTHER ST, SRITETIWE R 2 5 BRI 1T D FEER
WROERAMLETH D,
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2.3. KEDSEXE

KEDSE Lz LLT IR

23.1. 2014 FRERILBHE - BHE L VO FRE

1) SR FA BB R R« E N R EE AR AL R R ER R E S ERT (2015) Skl
— e i) A% TE AR T ISR T D AR SR A B GENGRE) “FREk 27 4 Bk R 5
(R 2845 H)

2)FEN KB - I F FkZE - MBS A 20— (2018) , P LU FRRAEICHE S &
FRN| — e AR X TS T o S A T R L 38 0 I R A, (L R AR S

AK K - MIH FHA - PP HE— - EH Hk (2015) , 2014 4 11 A 22 H BB IR
I OHE (Mw 6.2) 12X > THIEL L 7= b g 1 o i 38 5B W g oo o3 A &
iR, TEWrEAESE 43 5, pp.95-108

A)EE HR - TR OAHE - A0 - I i (2017) 2014 R EFRALE O HIEE (Mw
6.2) (ZfFE D M BTG O 454 & BN B, HME SRS 5 1238 B 1 5, pp.1-21

S)RRA NEDE - /MR HEE - = H Kl - 3 #sg (2017) T3 SAR O 7= 2 it 2 H
W TR U 72k 26 4F (2014 4E) 11 H 22 B £ 35 IR AE 0 oo #h35 U Z g, JpGU-AGU
Joint Meeting 2017 G TA#i%E SSS12-P04

6) TR AME - BT WK (2016) 2014 FERFFRALEH OHESRE L -NEK#ED E
P RNCBE T 3 RE, B 5 86 & 4 5, pp.313-317

VB SR - AT BEAY - AR B HUHP IESE - 3B FE - KBS AR BE K
iR 5% (1998) Sk — i A A R TG T SR AL O et O W JETE B — ARk T
AR H AR W E N Lo FRIERE—, HE 28 5 50 %, pp.35-51

8) /MR JEE - APy NEZE - = H K#Ef (2016) T# SAR Z A L 7= 7= 7 i 3% H &
R T, BARTEWTE SRS 2016 AERK Z 2RI K25 T Re

9) /MR FEE - = h Kl - BB JEDE - A0 HE (2017) Tk 28 4 (2016 4F) REAHE
BICBWTH -2 T SAR BHTIC X » TR SN /Z#E LW, JpGU-AGU Joint
Meeting 2017 SSS12-11

10) = F K - /MR FEE - BV JEZE (2016) T34 SAR @l & MR BN 2 G b
Wiz B g FEOME, BRY E— by 7 FEa (Fk 28 45
FKFR) iR o Em o ER

232 ¥ERT7TFOJRER

1)Meriaux Catherine, Triantafillou Trent (2008) Scaling the final deposits of dry cohesive
granular columns after collapse and quasi-static fall, Physics of Fluids, 20, 3, pp. 033301.
2)Moss, R. E. S., and Z. E. Ross (2011), Probabilistic fault displacement hazard analysis for

reverse faults, Bulletin of the Seismological Society of America, Vol. 101, No. 4,
1542-1553.

3)Petersen, M. D., T. E. Dawson, R. Chen, T. Cao, C. J. Wills, D. P. Schwartz, and A. D.
Frankel (2011), Fault displacement hazard for strike-slip faults, Bulletin of the
Seismological Society of America, Vol. 101, No. 2, 805-825.
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4@k @ EHE— LT IR SRR P e e IR YRR (2014), T
R Wr g LY — N oMM =, BARHGE L5 g, 14, 2,
2-16-2-36.

5) FHE— « H EREE - S F](2005), 2004 A7 IR o H R R IR 351 D B
B A DA TE BRI S BRI K D JLRERD RS, HUERES 2 8, 58, 3, 309-327.

6) LM=E— - % Fn3<(1999a), H:AZ D WrIEAALIZFE S 5 IUACIE M OVl D AT AR BL D
BEH(Z @ 2)- IEWE, Wl e SEER-, HE ) T RAF SRR A, U98048.

7) EHE— A FN3R(1999b), HAR OWTE NI AE O H AL & OV HLER D ZE TR 0D
BEH(Z D 3)- #iTh, RoT W EEAER-, B ROFFEFT#RE, U9B049.
8)Wells, D. L., and K. J. Coppersmith (1994), New Empirical Relationships among
Magnitude, Rupture Length, Rupture Width, Rupture Area, and Surface Displacement,

Bulletein of the Seismological Society of America, Vol. 84, No. 4, 974-1002.

9) [LIIRF I £ (1981), Feilr D HIUEE TSR HIEEWrfE O MBEE & 2 DS (HE) ,
HEFAA T A ), 32, 10, 574-575.

10) 5B #EZR (2017), Wil EBN I HE S BB AT D€ 7V EBRSIM-MVS £:4lf 2 v 72
BRSO AL, B, &ILKRF.
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3. PR3 i RGBT B 2 R BT (= £ 2 5N R D B il

R RO 72 B AL R I BV T B T VA T R > & #i 3 F T o B il
OB 2 2D FIEN D D, RETIL, HRHEWE % F o 72 PR N H#E o =
BN Je MR B OB T — & 2 F 2 O K 9 70 R E G0 22 BB fEAT 15 O3 M2 MG L
=, BERMICIE, WliE X A4 T OME 2014 R IRILEHHE)E RS, LTFDi)- i)
DAL THRET 21T 2 72,

i) By RAREES S 2 L —v 3 v O FEE

i) &8 OBMEMENT (7 BRE R E BB ERIEOMA G D)

FEHHOKRAMCHTZ>TiE, UTONEEET,

a) By JFIEE Y R 2 L—v g VITHW DR LERIRE T VX, IRMEOREE T
MZBET 2RO AEOARERAETEL., ChbHESEBIIRET D,

b) FKJEOKAEMAT X, HAEMECHIEME (AARAZE L - EOFHE) 2137 A —X
ELT, 2 R TS —A, 3 kel TL r— A% LT,

3.1 BIAFMWIER S aL—2aVvDER

LIBETId, AREETHEM LR OER 2R~ %, FEHIS DWW T Sk 5 S0+
I,

3.1.1. FLHIC

ARFEIHETIL, WrE 2Nz (Fault Displacement) Z 5FAli 35 72 12, 2014 4R By AL ES O H
E (Mw6.2) OERFEKIBIZHTD, TARI T 4 2 HFT 28 FHMET T V25 L
Too TOMIGRIX. MIkETE Gk — FHRREERISEE RO mOWEE 7 A v 1)
OIEFZE DL DOT, HENY ORI E b OWiliEomkEch s (K 3-1) , ZOfRE
DORFEDOBICX T 5 PAREICK LT, #IFZHEBEH N 9 km [ZE-> TBAIS L (K
3-2, fiff - fih (2015)) . EWrEOERIZH 25° . BRMEIE 50° ~60° THDH, LavL
RGBS -fth (2015) TiE, BB OEEHOBEMESICL D . BEHTIXEANKA L 2D
EWVH ZERERINTWD, RFEETIE, vl T 0EOLMEIZEY ., BRAH 500 T
A 25° OHfiL L —KDFmWigt 7 Ay M ERET S,

ARFEXETIEH, TAXRV T 4 2 HT 28 I FHEE T VEMET H7-0 0L LT
SIFE - fth (2018)IC X 2B AT T L OFT R0 43 & iz (| 3-3) . 51 - fth (2018)
DIEF LT VITHER LB 4 SOT ARV T 4 24T 5, R0 REYE CHEM
RIRY AL RO TWD, ZOBEMESIT, ZOREOKRZSOHETCETFHIATH
BRWHLDTHD, 2T, 51 - ML (2018)I2 -3 < Multi asperity model () /)2¢89% &
TARVT 4« BT )V BEOT AN F 4 2HTHET ) I21F T <, Single asperity
model (BA—D7 AU F 4 2 FT HEFEHET V) bRITT 5, BIIFOMETT L
D= DOWEHILE S 19km, 18 15km &5 5,
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3.1.2. REETIDKRE

BRETOH 1 BpL, EEVFRNET VOT R SHHICESE, TAXY T 4 LxtisT 2
WIS T EO A ERTHIETHDLH, L Laen s, REETIISIM - (2018)
DA = 3 UFERIT ié@@%m%TW@T“@ DT 4 VE N e T —H e AT
LTWaWkes, 6/ TEOFEICITEBFHET LOT XY 5HADOMNG B TE
ﬁ%&ﬁ#ﬁ@%ﬁof\%TXNUT4®%%i%®¥W¢“@%%%Ebto:@
TR0 B VT, Andrews (1980)D HIEIZ L W I OIS I T EEFIRE L7 (£
3-1) .

BRETOH 2 BB, MEDOE—A L h - w7 =Fa—F, WiBEN. B XOW BT
MRS GEER XOEN) BEHEXHET 2 X510, BITERICE Y, ISBETEE £
& LT, BIRAYICIREE I & B AN B OHE 2R 7 (R 3-2, KM 3-6, ¥ 3-7) , #F
(2, HERHGEWTE O W g 0L & RRIET O R R AT T D 2 ENARFED EER
HECTH D720, BlllE DA EZFT 28I, ZhbDRT A =2 OFEEIZ KX
REBEZ -7, RITHERRIIEREOBHEICI D EE L0, ERAAEETME AT
éﬁ@?wﬁUXA@#%ki%&ﬁ&é#%bn&m

B ) EHIE T T VI, IR DR HICI > T 2.0 km IZFEE L7-#&E (SL) #
W@ﬁulzw%%%ﬂfﬁﬁxAkLT@%?%&@ELK EEWIXADOISET
& (02°5-05MPa) & 0.8m DK EREEALEMEEZ D OLIITRE LT,

2014 AE R B IRALE o #IE Tix. BIEKE OB TE S S AL ERANCE S Jm 9 km O &
DOHMEMBEWRELSBH SN TS, ZOD, Br@odbmpl o ik, #Eimo
MRS PIH S D K D IC K& 7208 FE G 2 3 E L7z,

313. JREETI
WM T AN T 4« BT VOFXEELRFERIL. UTO LB THD

1) Multi asperity model (Z&E7 AU 7T ¢ « £F L)

S - fth (2018)DEPRA v N—T a UFERIZE ST, 2T 12 0T L ERITL
7= (MaspH ®5 V) | %ﬁ{—?ll/&i40@72/\°9?47§>67’£50 B S 7z iR MR
Wik OWiE N DAk E L0 LA D720, B (REFGR) O®RETH
0. B S T R R WS O ERER & 7R D IO LE S 200)/J\éf£7?</\°U?47MZ~%3
EENBDEITHD, MaT, BIRLVBENMIEIZ ZOODOEDjté%t?X/\"U?%ﬁEi
PN ETLVOT R SHO/FEEBBLEZHRTLH-OICLELEIND, TXTOH
W (E—A b ~wF=Fa—F HEHEHEOLENE, HES) 2LVEIGHHT
X % fig i %TNHM%WH%TWT%%(ESS@@E) EED 2 OD/NE T
NRUTF 4 ORES (ESXME) 13312 2.0 kmXx2.0 km, Zh oG HETRIIZAEN
40M%&55M%T&£m%$®20®k%@7XAUT4jxk%éi5meme
£ 3.0kmx22km THY | IESIEFRITENEN 55MPa L 7.0 MPa ThH D (X 3-8) .
EBEHOT AR T 4 3 LCHET L Z Lk, BRIz ER O W g 2L

OFHAUEN LB IND Z ERWIFEIN D,

AR D L H 2, EEHD 2 ODO/NE 72T AXY T 41X, WiBOHER N L —RIZih-> TH
I & AL 72 Hi3& Hu BE T oo Wi g BN D 3 AR A kD D 7@ _@@Tigfﬁé(ﬂ
3-12) , BbLINGLDOTANXYT 4D 1 OHDZWVEH OV A X2 K& TH, 1H
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DHEEZT ST D E NI I REFEEZELLh—T7, b LXMW GTITo 28 E . T
ROWEBENDOMIGIRE RE SITMSEEEZZITDH, MAT, ZNHD 2 DD/ME7R
TARY T X, Wi F BN R COFLWEHE NSV ZAOBBIZ L FHE TS (M 3-16) .
fhEam e LTI, WMIBEMOSARE LV BSEAT270I2E, 26D 2 DDO/ME
T ARV T 4 BADFITHEN TN DHERHY . 1 DIEREOMERIC, 2L TH 9 1
OFHEHEBEWEABHN SN A FOILERICHRET HDLEND D,

2) Single asperity models (F.—7 AU 7 ¢ « EF /L)

RKEZB8KkmX6 kmZHLODH—DT AR T ¢ % Wi Lo R o772 (LEICEE L
7o, FEx OFETIVTRAIT LI, BEARMIZIE, ERICH>TT AN T 4 ONEXEZT-
ETVCHREMAE S 72, MaspA £ T VIZWIE ORI ESE A D 2 km 25 3 km O fE] & A #) X
H (¥ 3-5(b)) . MaspB &7 /L IZWifE DR VESG A S 5km 225 6 km O] &2 A8 <& (X
3-5(c)) Ta#fT L7,

B3OHDH =T AU T 4 - FT VL, WEAE (B -, 2018 2 E L L72b D)
ZEEVEIC Ikm BEh S E-WEE LT AXY T 40 2 E L7 (MaspM €7 L) , 7 AR
U7 4 1 XWrE ORI S 4km & 6 km O CEB S THIT L (K 3-5d) . WilE
B Z2BE) S 7-BEIE, A - il (2015)1C K 2 #iE BT g o H L& PH 2 9= T
—T5-0Thb,

AHC 16 5D MaspA E7 /L, 4{HD MaspB €7 /L, Z L T 6{fH MaspM £ 7 /L%
BEtLic, 2L LT, B—=72AXY 74 - EFVERIH SN2 BB Z B T
TWaH A (K 3-16, 3-17) | B S Au 7z HiFR MR W RE O g 2L ORI RAF T
T72vy (K 3-12~[ 3-15) , WifE BN OGS R R B —T AU T ¢ - TV,
TANY T BNHIFRHERE O MBEFAO FICRESNTND AET L TH L0, BiE
TENE DAL B A Tk 72, H&i 72 MaspA T 7 Vi, 7 AU 7 4 O T ER
30MPa Th %, MaspAle Th 2 (X 3-9) . Hi 72 MaspB E7 /L & MaspM £ 7 /L%,
ZIZEI MaspB4 & MaspM2 ThH Y, 7 AU 7 4 ORI FEIZE b2 3.8 MPa Th
%, LML, MaspB EF /LB LT MaspM £ 7 /L 1% Hh 5% HZ B Jg 23 81| & 0T 2 #i b
OALH SR A B 2 T-#H E CWHBEMEZA L SELAREEEA L TWVD, TOD, Ih
S5OET VL, BIHIEHEZ B2 BB EMORAEZMZ D200, BEHOEZERVH
BEVnELT S,

3.14. £&H

MaspH E 7 /WVIZHRI L 722 BT AU 7 ¢ <7 /L IT IR H R W o W g 2507 <0t =
e nwofa DB ELZTHT H7DITITH—T AR T 4 - ET VLIV HERWVET L
T, Fric@Blill 7o RHENEOMEEMEZHHT2ICERVWET AL THD (K
3-12) , L2 L, =T AU T 4 « TN TH, B Sz M iR o W 28 6r
DL —R TR eEERIC, BB 5MEBEE, AOISE TR, AT 5 EMAEAM
BEOWT N, b LI TITAREEEZEANTIIE, W82 0L O fEHT s 5% & Bl G ek
EOBAEMAKB TEXDHREENH LN, ZOMBEIZSBOBELE2 LD (K 3-13,
4 3-14, ¥ 3-15) .
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3.15. R (REHFOFEIZONT)

AR D X O AFEEOET VBV TEBHORMEIZ 2O IT N TS
HERWE AN O MBLN PRI S RWE 7 A2 R T, jt%iﬁ%ﬁf“itfz_ otofLﬁJ%’”%{u
MAETLRVWEIICHRESND, ZORMIZZET AT T ¢« £7 /L (MaspH £7 /L)
kLT, FickBans, IEWBEMAEHBE L2 WEZ A Mokt LT, #ES

AT H2HE ZEIROB ) FH T A —F Z#UNCHET D LI, ENE
Eﬁ*‘%%ﬂﬂ%ﬁ CEET HANIEONIFIETE D, 2O L HIZL T, KEHFIIWERS
FINZE > THEIZREHE b S D, MEWBEMIZFEIZZDO NIZMET L7 AR T

741z iof%l%t SINDBTD, EOREILT AXY T 4 HIIZH > TOHREHEE L
EWrEEMD PRI FRICET S (K 3-19)

4%’ AKFE(EOHBEO LD ICHFROMENERE I DPBRINLEEMTH L2856, IR

BEOERBEORMELITAEOMBEOMBRAIBICE T 57 AU T 4 - T L0 ML
»@Uwaéo%LTRA)?%@&%#%%T%M&(WK& EE PR A
N=Tay - EFTILTHEIZLNDGRBIE) | TAXY T 4 28T 5, FAERIZ, b
LB D HERKTEE S EEEMENEMThIE, REFECTEINZL )T, &
BHIXINLOBMMATHTE D L)k bansd (K 3-18) , L~L, b LEWT
ZRY T 4 DEERBEATHNIE., TNEDT AU T O LITH 5 EEH 1T E
Wik OWI AN NHIATE 5 X oI b asn s, FkoMEICK L CO®EEH ORI
BIFEHICHLVWERETH S, PHIMECIIEEL 22BN 2 bRanizn, ik
Wi R SCWEEMNOKRE SIX, MIBEMET AXY T 4 - ET VOBBOHET— 2
v hEHIERNEE S & OBR, R EBEORBRMEB TR IND, RBRIOEKRNLZ
DL BREERPELNE, BED LI AWEREKES FT 5, BEZNICLL D
Lm%?»ﬁﬂ%%%ﬁﬁbf%ékéhéo
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) | === 2014 surface rupture

— Kamishiro fault, ISTL
(Nakata & Imaizumi, 2002)

- ,,” o

_|m
1500,7200082500 1300053500 4= %

3-1  (ESCHAEE Figure 1) (a) SRfa) 1| - [ 1 85 SR TE W g SR & 2 0 J&0 o T% W E
(0)2014 FEEF AL ORMEIC L > THE L2 HERE O SHA (k- i, 2015 12X %) .
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+ Contraction e

down )
""“-h—u-p Surface rupture (confirmed)

====u_ Surface rupture (inferred from |-
discontinuous groud deformations)} 7

v\

* ® * o, Surface rupture (unconfirmed) [¥% "\ -/ ¢

X 3-2

(J 30 = Figure 2.)
i 2 WT B L2908 - 72 b T2 B D 43 A

201512k %) .
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[uni] souersiq

(b) _Vertical
Y displacement
: 2:); L okm o 0 29 4‘0 69 spmolcm]
0C:2 PRy b
:‘;'I\fodaira /
)—1 km A1 ',/ E
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137°3¢ 137°48' 138°00° 138712

36°48" -

Dip(km)

6 -4 -2 0 2 4 6 8 10 12
Strike(km)

X 3-3 (A5 E Figure 3.)  (a) 51 - fl (2018) (2 X B EEB LT T AL DT RY A
O E~DFes, (b) Wi EOKRET <0 54 (515 - 1, 2018 12X %) .

Observation Station
A K-NET
A Kik-net
/A Local government
A VA -
7] GPS (GNSS, GSI)

Shifted fault location
Lat. 36.6404N
Lon. 137.8387E

Initial assumed fault location A e
Lat. 36.6480N ’}
Lon. 137.8480E 5

¥ 3-4  (FESrEE Figure 4.) BYIFEBEES R 2 L— 3 L OO O EAL S - K E
BT ND (BFHEOFHA)FH K I X OHIEETSC GPS KA ZENL O Ll 0 7= 3 O R 5 B3]
o TROERB X OO EF TSI - fi (2018)I29E-> THIMIET L & L TRE S LT
WrlE (L T, 7 AU T ¢« BT L MaspH, MaspA, 1L MaspB D 7= HIZHW B D,
B IE MaspM EF LD 7=DICHWO N BB S -EfiiE Th D, X D AR

AR - Al (2015)12 K 5, WrlE AL B S 7o R A R,
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| ls_urface ru|:Llur£I il surface rugture.

(a)

MaspH models

T stwne |

| ﬁurface ruglurﬁ no surface rugturi

Asp3 Asp3  Aspd
5 * *
Asp1 Asp1
2
10 Asp2 Asp:
1% 5 10 B 19 0 5 10 15 19

(b) MaspA models

_surface rupture_no surface rugtureI

T stene | [ stz | T stwne |

| ur’aceru i

c) MaspB models

no surface rupture,

(d) MaspM models

| surface ruEturs no surface rupl[.ir?

S * > * ° *

10 10 10

135 5 70 7519 1% 5 70 5 19 190 5 70 5 19
3-5  (Fesr#iiE Figure5) TANRU T A OKRX X ENLE, ) FET ARV T 4 - F

7 /L"MaspH”, (b) H—7 AU F ¢ « £5 /L “MaspA” ,

(€) HB—T AU F 4 « EF L

“MaspB” , (d) HL—7 AU F ¢ - EF/L “MaspM” , MaspA. MaspB I, 3-4 DJRNFE
o AR TR SV S B - i (2018) DWTE A AIHIE T L & U CRE S Av7- W@ A7 & & v
%, MaspH [Z[¥ 3-4 DB WERCTRENDNMEZHWVD,
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3-6

Dynamlc Input Parameters (MaspH12)

Along dip (km) Along dip (km)

Along dip (km)

(MaspH12) O3 <0 g5{LH|XZ

Dynamic Input Parameters (MaspA16)

Along dip (km)

Aleng dip (km)

E 0.7
E 06
o 0.5
o
E 04
< 03
15
0 5 10 15
Along strike (km)
3-7  (FESTHEE Figure 7, 8,9)
D i€ T

BEIX WG R AN R, £ MaspA £ /L (MaspAl6) . MaspB &5 /L (MaspB4)

Initial stress drop wps)

‘Uui

Strength excess MPa)
3

10

(5 305 & Figure 6.)

Initial stress drop

[MPal

5 4
2
0
2
5 10 15

15
0

Strength excess

[MPa]

[m]

5 10 15
Along strike (km)

ZEHT ANXY T 4« T )L MaspH O i €7 /L

A= BTSSR T B A P B 5 R

B3 B R AL &

Dynamlc Input Parameters (MaspB4)

Initial stress drop WPa]

3
2
1
0
10 4
2
3

Strength excess MPe)

Along dip (km)

Along dip (km)

]
m e

07
06

05

04

Along dip (km)

03

0 10 15
Along strike (km)

Dynamic Input Parameters (MaspM2)
nitial stress drop Pa]

0

3
2
1
[]

Along dip (km)

1
2
]

Along dip (km)

Along dip (km)

0 10 15
Along strike (km)

H—7 AU 7 ¢ « 7L (MaspA, MaspB, MaspM)

£7 /L (MaspM2)
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Fmal Slip (ave=0.42, Mw=6.19, MaspH12) [m] Peak slip rate (ave=0.52) [m/s)

0 135
3
5 25
2
15
10 10
1
05
o 5] 0

t retlme

o

Along dip (km)

[sec) Rupture speed [km/s]

5

2

1

0
0 5 10 15

Along strike (km) Along stnke (km)

rS

Along dip (km)
w

3-8 (e Figure 10.) £ &E T AXVU T ¢ - 7 /L MaspH D€ 7 /L
(MaspH12) D& JJFHIME S I 2 L—3 g VORER, FBREREKT XY 06, FERAIT
E— 7 R0 T B IR T B 1T R R,

[m/s]

0Final Slip (ave=0.50, Mw=6.19, MaspA16) [m] Peak slip rate (ave=0.34)

0
12 1.5
1 F f
€
< 038 5 1
o
k-]
o 06
5
= 04 10 0.5
02
0 15 0
0 5 10 15 10
Rupture time [sec] Rupture speed [km/s]
0 6
5
3 3 :
a
© 3
o
5
< 10 2
1
15 0
0 5 10 15 0 5
Along strike (km) Along strike (km)

3-9 (FEXHEE Figure11.) H—7 AU T 1 « EF /L MaspA O &€ TV
(MaspAl16) OB FEHIMIE S S =2 L —3 g VORISR, EERARRER T 5m, RE
FlIE— 2750 EE, FERAITMEERR ., T BA 1T s E
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6 Final Slip (ave=0.54, Mw=6.33, MaspB4) [m] Peak slip rate (ave=0.49) [mvs]

0
15 I 25
— 12
a 1.5
©
o
5 1
= 05 10
0.5
0 15 0
0 5 10 15 0 5 10 15
Rupture time [sec] Rupture speed [km/s]
0 - 6

Along dip (km)
n w e

-

0 5 10 15 0 5 10 15
Along strike (km) Along strike (km)

3-10  (GECHEE Figure 12.) H—7 ZXU 5 ¢ + £5 /L MaspB O£ 5 /L
(MaspB4) OE)JJZ2AMEES S 2 L—3 3 VORER, BB IIRET 0 o, EBEAITYE
— 7T RO EEE, TEAE TR, T EBA TR R,

Final Slip (ave=0.55, Mw=6.25, MaspM2) [m] Peak slip rate (ave=0.62) [m/s]
0 0
14
25
12
— 2
1
£® 5
ko3 038 1.5
©
g’ 06 ]
L2 10 10
< 04
&5 0.5
15 0 15 0
0 5 10 15 0 5 10 15
Rupture time [sec] Rupture speed [km/s]
0 0 6
N 6
5
= -~ \ 5
g 5 3 5 4
a \ / /
5 1\ | | 3
o \ / 3
g \
< 10 > 10 2
1 1
15 0 15 0
0 5 10 15 0 5 10 15
Along strike (km) Along strike (km)

B4 3-11 (U Figure 13.)  Hi—7 A~ Y F 1 - £ /L MaspM O it £ 7 /L
(MaspM2) OB /FERMES 2 2 b —3 3 » O R, EBEIREK T~ 54h, EB
Bl —7 XY @EE, FEAITMEERR., TBEBAIIMELTEREE,
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Fault displacement (cm)

Fault Displacement (MaspH12)
I T T

90 I T T
* Horizontal(lshimura et al,2015)
80 ® Vertical(lshimura et al,2015) c.
Total(Synthetic)
——Fault parallel(Synthetic)
70 |- — Vertical(Synthetic) ¢
Fault trace normal(Synthetic)
— Total Horizontal(Synthetic)
60
50
40 -
30 -
20«
10 —
o~
-10 I | I I | 1 | I
- 0 1 2 3 4 5 6 7 8 9 10
Fault along strike (km)
(P LA E Figure 14.) £ 7 /L MaspH12 2 b5 b =W ZEAr (afn. Wi

X 3-12

ATy SRIEL, Wi N L— REAL, KRRy OFRF) & AR - fth (2015)12 K B Mk R

Fault displacement (cm)

3-13
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20

Wr g o W g 28 hr & o g,

Fault Displacement (MaspA16)

T T T
* Horizontal(lshimura et al,2015)
® \Vertical(lshimura et al,2015)
Total(Synthetic)

—— Fault parallel(Synthetic)

— Vertical(Synthetic)

Fault trace normal(Synthetic)

__|—Total Horizontal(Synthetic)

-1 0 1 2 3 4 5 6 7 8 9 10

AN

Fault along strike (km)

(330 753 Figure 15.) £ 7 /L MaspAl6 7 b L Wrig &0 ( (RFn, Wrlg
SRIE. Wi b L — REAL, KRy ORRFN) LA -l (2015)1C K D M HIEE
Wr g D W kg ZE AL & D g,
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Fault Displacement (MaspB4)
| | [

90 I I i 1
® Horizontal(lshimura et al,2015)
80 - e Vertical(lshimura et al,2015)
Total(Synthetic)
—— Fault parallel(Synthetic)

70 —— Vertical(Synthetic)
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S 60
— .
c
o 50 .
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& 40
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K] 30 . .
©
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3
320 .
L
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L]
. .
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-10 I | | | I I | |
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Fault along strike (km)

3-14  (GESCHEE Figure 16.) £ /L MaspB4 71 5153 5 - @ 286 (RFn, Wy g
TS SR, W8 b L — REAZ, KR OFn) & Ak -l (2015)1C & 5 M 5 Iy
J& o> W@ 254 & o beg

Fault Displacement (MaspM2)

90 | I I
* Horizontal(lshimura et al,2015)
80 ® Vertical(lshimura et al,2015)
— Total(Synthetic)
—— Fault parallel(Synthetic)
70 H— Vertical(Synthetic)
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O 60
— .
c
© 50+ *
£
S
& 40 . . . .
[oX
QN 30 . .
o L]
=
% 20 .
(18
10
. ® *
0
-10 1 | 1
-1 0 1 2 3 4 5 6 7 8 9 10

Fault along strike (km)

3-15  (FE3CsE = Figure 17.) &7 /L MaspM2 7 55 5 7= WAL ( (afn., WbrfE
ITHC Y SREL, WifE b L — RELAZ, KR DR & Ak - fll (2015)1C K 2 Hit S R
J& O W JE AL & O B
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E"I\“:IaspMZ, MaspB4, MaspA16, MaspH12 (Freq= 0-1 Hfa)w

15 F ' Eagl
@ NGNO05 %0
E10f =
2 g 20 NGNOO5
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Q o
o 0 S 101
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-5 . o,
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S ot ]
z 15
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3-16 (U2 E Figure 18.) i@ FAZ D NGNO05 &1 S o8BI FLEk & €7 /L MaspH12,
MaspA16, MaspB4, MaspM2 D& R TE O belk, /2 W FE, 4 B0,

El\\f'lvaspMZ, MaspB4, MaspA16, MaspH12 (Freq= 0-0.5 HEﬂr

201 ] =
2 950266 £30 S —
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3-17  (BESC¥RA 3 Figure 20.)  iE T > GNSS Bl s (950266) OBLAIFLER (kA
N E) & EF /L MaspH12, MaspA16, MaspB4, MaspM2 O & ki & D Leifie « /2 3 E 45 -

BNV,
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Fault displacement profile

Seismogenic zone Seismogenic zone

3-18  (ESCHEE Figure 23.) EBEH DO FICH LT AN T 4 ICk > THEBINLWE
BN D AR DO KA KB,

Final Slip (ave=0.42, Mw=6.19, MaspH12) [m] Final Slip (ave=0.48, Mw=6.25, MaspH6) [m]
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3-19  (GECHEE Figure 24.) ZET7T AU T 4« EFLOKEET NV (MaspH12,
) BEIUMaspH6 (F) OB /THAIME S R = L—3 3 VOB R, EBIIRKE TN
D o3An. T B IR R,
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# 3-1 (e E Table 2.) EHBEVFEIET L OT XY SAIZHES L, FET VOGS TIRE
8 O AT TR A R
Model Number of asperities Assumed slip Initial calculated stress drop
(m) (MPa)
MaspH 3 (¥ 3-5(a)) 1.0 (Aspl) 8.0MPa (Aspl)
1.0 (Asp2) 8.6MPa (Asp2)
0.6 (Asp3) 4.0MPa (Asp3)
0.3 (background)
MaspA,B,M 1 (X 3-5 (b), (c) ,(d)) 1.0 4.8MPa
* 32 (KIXHEE Table3.) HET/NVOEKIEET NV ORE 5L
Preferred | Number Stress | Asperity Distance (km) Mw
Model asperities drop dimensions Along strike | Along dip
(MPa) | (L x W) From SW From
free-surface
MaspH12 4 Aspl | 5.5 5.0km x 2.4km | 6.0 6.0 6.19
(K 3-6) Asp2 | 7.0 3.0km x 2.2km 12.0 8.4
Asp3 | 4.0 2.0km x 2.0km | 1.0 2.0
Aspd | 5.5 2.0km x 2.0km | 5.4 2.0
MaspAl6 1(X 3-7 /) 3.0 8.0km x 6.0km | 2.0 3.0 6.19
MaspB4 1(™ 3-7 fid) |3.8 8.0km x 6.0km | 5.0 3.0 6.33
MaspM?2 1(% 3-7 £) 3.8 8.0km x 6.0km | 6.0 3.0 6.25
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3.2. REDOHERN

AFEETEZLRERNVFAMTIEL LTI UTDOISDORAT v A Ik D524 %
TW5,

stepl)FrtELEIRE T /I L 0 | JEH 10 LU T OBLHIGLER S - BL AT RE R BIRE T V&
WET 5,

step2) stepl THEELIZFHEIEERT T VOE T A =22 NJjE Uiz, B )k
Ralb—varEEETL, BFEMEY I 2 - a s kv, EBEKEOT
AT X0 MR D AKAZENLIT DV CRETE S 5 (step2 Tidk, sEREMEBIIRE S )7
]« ARSI & b RIREENE &2 5 T RV E R A B 2 D),

step3) K JE D RUHEVELPH (B 2 1XECE m~F Km B E) &2 5is, REOZ LD
REVEVEE 2B L, A REREFEM), M%/ﬁ’?ﬂﬁl%”%ﬁ/ﬂlﬁﬁéhéiﬁt
EfEAT FHEIC L0 RIBIZHN LB 2 T 5,

T, BMEEBIRE T L ORES (stepl) B L OE 1Y 2 2 L—3 3 v (step2) Tl
= /J?b%imi% T L R E) T & MR B DL (FEM fidr iR X 0 A (ﬁ?b\%ﬁl)f@
EMNEEFETL, BINFIab—Tarrahid LERE @/\1V~75/Tiﬁ
SHMICIEER N B HE F T, AKEHFMEIC iLﬁ):"faU%IJrﬁ'rmiﬁlf@erﬁé:ﬁD
F AR OIERIEEIL —RAICITEE LW o iEdh I L v RIS B9 2 ATRET
& 2 RIS O W g 256 O FEMIE RIS & L,

Z T, REOBMEMHITCTIE, BINEY Ialb—ra itk bafRE L THBONS M
KB IOCHERMEOEN %2 5504 L L, #IZFRKEFE TO T 0 70 2 HUE S g
DI Z B LIz FEM, R BB EFRIEEIC LV EfiT 5,

¥ 3-20 ([ZEJBOFAEMYT O EZRT, 22T, ARG CIERE OWrE AN fENT %
BN, LVEEHEZ SR E LB I 21— a VIR~ G 2 5EB ISV ED
ERE LFTEMEOZITE LIZEN %Y S 2 b—3 g b REOEIEMET ~D F 75 11H
LT 5,

/

A TFREOFMEMNT ) Tk, 2T RICARFEEIILL T2 E T 5,
DEBIEREIC LD 7T a7 EBR O FI RN
WWrfE 3 KON OEE ORI RN - BEROBBM LR T 2720, TR
ZxF U BB BT K D HeB AT 2 FEhi 3 5,
2)iilki g & A 7 DFES
551 A B8 L7 2 WOnBEE AT & i 5,
FoAFEETEET S stepl~3 D —HEDOHNZ SFEHICW IR &2 BRI Lz 3K
TCRRENT 2 FERE T 5,
PLFIZ EREAEIZ DWW TRT,
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321 ¥EFEHR 70T EROBUERH

ARIETIX, WWEAENIZ K > TEL 2B L BHEMIT TR 5 L CcoiHME%
MBI D=, F T MEMRAT & BB T OZ Y MR O —BR L LT, AiE 2 8 THs
LW @Ry > u 7 ERAE IR & LT 2 i L, ERER KA {T5 2L T
HUVERER L B AT o T,

Tl OMBERITIEMNDRE L b, KEBMBEIZHE U7 BUEEITIEO R
MEETHY , JIBBBIERTH D 2 &0 SEMEMHTIITRDIRIERE T L — 2 0 ffl 5I 22
FEEZHM Uiz, BRI ERIEITRLEE R | R ORI et L EH{BEE
EHEFTET O FETH Y . ML ET VONTET D & 2 AL Bk
AORECH, MEORENEHERI I, EAKOLE, ME, B, Wiy
A VLA B U—FEPRITRER E U CEME T 2 RIS/ H 5, AT, 5HE O
AE &AM OBRARN D . FREED RV 2 IRTTFENT & /3 FRBEITAR VY X 0 BLE D SR 1T
VN 3 IR TCRRHT A 3 0 TN L 7,

3.2.1.1. tAMOBEREDR

Feik oo LB | EBIEEREILZE MW B A B T, BRI B AR & R
IFEFIETH DL 0D, ITET NV OMIKRES & LT ORIER TR EE S O M BN
IHPEE SIFHEMICRE LT, RICER T Iab—Ta v R EETTo TEBEDOB
REXTNREERIETDHLER S D, 2B, KR EOBRESKITERR LD
Bl L IEWERAEDNHERBE L HE VBRE T BV ORAEICLDIEHRER TEL
TWAZ e bEMFETHEAT MM W TIEb T EETIIRL ., F-x% &
THEBRNHHRERE SR E LTWD L b EEARRAIE XTSRS 2 5
DN SWHEIPH CTHUNICHREZITAIE RV, —FH T, REIC O TIEHRSGZ AT 2 E
BWARAZUETHY, 7T 7EZRTHEA L EABEFERCLOEFSRE L-RE L HEE
T 5B &R URBROMNT 2175 2 & THa Lz,

EIII.I

B OBEZHET LIRS LT, HE (2016) @ 10cmX15cmXx15cm (/& &,
g, WATE) OaOFRRBIAE IR EABORBEEREZ G E L, Z0OER
TIEHEEOREZMEI L TV ORI AZH4 T Z L THREZAELCIE TS, ZDOFER
T 3-21 1R T LD a0 b 0T, MM E ST RN E L BEAA T TV D IREEIC
HY ., TORITMRDOBEEIC L > THUTIE 8 HE 2 B TREICTE 0 DRIE L 7
D, WYVEACTHET LS O TH D, o, K 3-22 IZR3IND X I ICERTIIH
BEOEHIZED TICE-STEBY, ESS h EAE ez 10EHELTBY, 20
SEYIfE 1L h=5cm. «=50.5 F T -7,
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(a) LER
X 3-21 EAMOBEREEROA A —TK

(b) W& KapgH

-~
Tk e

X 3-22 EMABmoBEREER (E# 2016)

HEAREERICES WO CHRENE X 28T ET 200 5 BATE e 13 &
EORMBICROND, & 2 TN T, FHEAMZ IS 2 72010 B ORIk
D9 B, MEERITXIL 15em 75 10em (ZHE/IN L TRETZIT o 72, BRERT A — X %
[FE 9% 728D DEMNT & 2 D% I I L7 Wi g7 v 7 LR O G T, ok
R DOET NV EFERT H2LERD Y MERBEENZNE T A =R 22T ¢ 3
LW Thd, Ik, ITET NV EEEREO EABORETRLR S0, BIRLESLE
HEEITEBREED R E RN, BIREO LJERENFCIZ/R D X 50 EEEZER
EhbEE, ERTIIEBEEOVHMEE LT 0.610g/em DEENE LN TV S, i
EF VI ERORBRSAAE ST X LRy F o TEFTLE L TERKR L. 2 KTE
TE IWRILET IVORLR L MR OBfRITER 3-3 1R T S Ro7z, kLT
RREEEBR O 2 OTFENTET VIZK 3-23 12, 3WICET VAKX 3-24 12T, . B
BEOERIRENR 000 5L ed X5, TN ENOMITET /L ITE FIRICart T LT

TERR L 72,

*® 3-3 LHBEEER OB T L DKMt

2WILET IV | SIKILET IV
BB E [glem?] 0.610 0.610
I KBIEE [mm] 0.7 35
Be/NVREEE [mm) 0.5 2.5
[ Bt bk 0.175 0.587
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X 3-23 ERAMORRERRO 2 RITMTET IV

X 3-24 ER¥OREERO 3 RITTHENTE T IV

3.21.2. tAMOHERREMBABRELEBRLTOER

FEATIZTREE RTG A — 2 ERIET DO LD THY . WEICRT DN /$7 A —
AuERoOTNRIA—H AT 4 &fTole, LLRND, EIICERER LB
BT SREICIZE S R o T2y ZOHMBICHOWTIL, ERFERICAE DN HIEEDE
HRBY 2L L TICEIHAENHFIIN WO THY , T CIRET» 5B 2 4£
CD7ICHEEECHRES S, HEAEICEVNELTHD, B, fricksnT
JEES DI 0 AU D BEIE, MEE CHERMELZREL TE—/L - 7 —u v O
BERMEL IS REOEBEE LD LK 3-25 (IrRENDEHICHATH Y, k/EIL
FIH3 0 & 7 AU B TIXTRENE M 20 I K& <, AR L BT DR S LIRS A
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THET 2, 1> T, LM OREFERTHGE L LR EOSRMETIE, K& DI
MAREERAENETCTBY . MERERHE TR TobD e EZBND,

T A .
D LRI R
C b >
\P a >
03=0H 0,=0vy Om
a=(m+2d)/4
=(m-2P)/4

3-25 UBRIZHE L TWIZH R OISR L T —v » 7 — 1 o OREE L

ZOF0, TS T HEEME IS U CRE B AT 5 EF L2 EA L, #
BT A= IO TREAEIT- 720, BRI EREROBERITE DR M- 72,
72T, AT EAROBRELFICOWTIE. BEHETTH S AR 72 B b
L. BHEEBR L 7)1V EBRO 2 KEH L O3 KITEDO KN T, i b ThE L
JBD T A — 7 B BE LTI 247 5 72, 2 Z A ORRATIC Il TRE L 7= s <
S5 A— B %R 3-4ITFT,

® 34 LA ORBEER L SWEI T u S ERTHWIIT AT A —X

2WRILETIV | 3IRILET IV
= HE [g/lem®] 0.610 0.610
ERIERER [N/m] | 5.00X10* | 5.00X10° %1
PE X EE [N/m] 1.25X10% | 1.25X106 %1
B2 152 (% H 2.0 2.0
K575 77 [N/m?] 200 200
HRS 0 BEBRAR B %2 0.2 0.2

M1 BWITMENTICIIT 2T RERITERE CESRLILBETHS
X2 RIOWILEFOMNR Y BEERAEE EHE LR CTESL LM

2Tt & 3WILET OIS T, LK OFREERRE RO FBUILE > TRV,
# 3-4 DFMTIT o B OMEHTFE R % LU N IR, 2 IRTHRENTRE . & 0 FREE T O %
F& B 3-26 2B X 3-29 12, 3 IRTTCAFHTAE RIZ DWW TR 3-30 225 X 3-33 12 A it
ITORRT 277,
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X 3-26 2 WRITHEATRE B & 0 MIBE Y 4k L1 0.05 B0 %3 K o A B2 O £k 1

,Mwmmwmmmwmma

fb’

X 3-28 2 WRITHEATHRE BL X 0 MIBEL Y 4k Lk 0.15 F0R% 38 K o Bl BE O £k 1
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.

3-31 3 RITMEATHE AR LV AIBE Y 4 L2 0.40 Dk Ry D B EE D Bk 1
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X 3-32 3 WRICARATAE R L VA EL Y 2+ L1 0.60 £V 1% Fr D BR BE D 1k 1

X 3-33 3 ROTARHTHER XV MIARHLY S4 L& 0.80 FbifEa Ry o 1 8 DAk

IDIREED @ 2 WILMATORERICEB W T, i REICRANEAE L TIBY L/
BERHEITT D L0005, BIE LTEHRE T X — 2 OMEORE ) b5 ) % IE
WCRELSHEELTWDZEN DN, LA B EORE TR E < FEOHE
DI T CIXEARERBELZ S ENOZTD L I ICHE LI, i E ks
DIUEIE 72 WV RIZ DD T, (8 BB S5 TIE B RIS E TRl O SR O & 8 L
TIEREFATDLZ ENRTH D0, LA O ClEm k5 23+ 5 72
W, B— b 7 — 0 CHEETHET S F TIESIEICET 5 1R 2 WA 2170,
B 3-25 IR SN DAEDFEBIZOWT S BIRIE DK UELFR T 5 = & 7o < WkEE A G
i L7z, FEERIITAEOER CIXMBRE N AR, MIEBEL L UM< RbEE %
BNBEN, ZORFHTBW TIZ LA O @ WKAE ) OMEREZFM L TED X 512
HELTWND,

3.2.1.3. #FWBER7IOIRBOBRERETIL
Joal U730 2 #EE 4 D BB O FIMEN & R CRE, W CRBRLOBEELSETT
NEERR L, MR Fu VS EZREFE TS 2Rl 3IRTOMITET VEER L
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2o Fo, THu 7 EBRTIIMIBAE DR 30 EDO 4 — A LTV 60 FEDr— ANE
S TEY, BEMHTICEB N TS Z OGO — AZRHET MATE T VA ERK L
2. BYRJEIEIX 30mm TH 0 A OE X BRI & TR O 5T 200mm Th D,
BT VRN /NS | FEMIZRRLF R B 2R T 2 2 L 2 R E L TIER L7z 2 IRocéh
BB i OO FRELARATE T V& X 3-34 LX) 3-35 (2R T,

&

Yoo

X 3-34 WAl T a7 Lo 2 Won BN E T v (W fEMA E 30 4 — X)

3-35 WilrEM T w2 WoTHEBRMTE TV (WE A 60 £ — %)

F o, ORREEIFIRL 2B Y, 3 RTINSO K 0 BT W BR SR & B R AT
REZRENTET L U CHERR L7z 3T BT E T L &2 X 3-37 & [X 3-38 (2”7, 72
B, 3WITET /VOBRITE ITEBRAA L FEEIZ 300mm Th 5,

2 i STAVAY
ol At s, Honr¥ 'VAVL'AVA'L

d i v‘v‘“ uv‘v‘vﬂ"ﬂﬂA

rAVAVATS

AT
VAV

3-36 WilrEM T 7 FEBRO 3WTHEBMTE TV (WM 30 £ — )
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; NATATES
L eSS
e

3-37 WilrEM T w7 FEBRO 3WRTTHEBMTE TV (WE M 60 £ — %)

TIuZEBRTEFRILRXO Yy vy X 2HOTKHIBEMNZELSIETEY, &7
— AW E AN % 1, 2, 3, 5. 7. 10, 15, 20mm & BEPEMICERE L. KEMET
RIBEROFHNT — 2 /(51O DFEREEZIT>TVDH, BEMEITICENTH 2
WZxfe LT, BEMEREE Tl —EAR TEME AL, BB TEMANICE L
R 72 RN L ET DD EFFDO L D REMEM AN 21T o1, BIRITHTH
V. AN OANTNIIK D 720 /N S R AR TIT O RETH DL, MR RT
HOVBHELIRESHEEL TSI ENGIK 3-38 12T RAIECEMAZHRE LT,

IKEER(I0E T — R) IKFZERI(60E T — &)

Wr/E Z (L [mm]

0 0.5 1 15 2 25 3 3.5 4
%) [s]

3-38 WilFfER Y I o 7RO FEMAT TROE L 7 W 207 R I
ERCTIEET = ORHENOH T —ADORBERPEHET -2 L LTHLNT

BY, Iz —ENMEOKT T —ZICES B TIRTHR L OBICHW, ok,
BeF 7 — Z AT D B0 FIEIZK 0.914mm TH D,
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3.2.1.4. HEBETIOJTEED 2 RtERBNELEROERLE

W J8 4 D ¥\ 30 JE 4 — RSO T, 2 WOEMHTRESR & 2 B H O EBRT — & LV
135 72 PR GA LTI DN % DL RIS Bl Lo, B~ ML OHRHED K & S & X
330D AT —L U Tarx—/E L BRSO BEEAE 3-39 75X 3-46 |25 L
oo RBRTHEONTEAMEENMEMICHICT 2RBERRZ BB CTRL, ERTHE%Z
THoTW5,

Displacement(m) Magnitude
8.272e07 0.0064 0013 0.019 2.560e-02
IRENRENN
1

i

B 3-30 2 YT 30 S 4 — A o i BTE O LAY A (B AL 25 1mm)

3-40 2 IRJT 30 K — A O b O AL AT (W E 0 EZEAL 2mm)

3-41 2 RIT 30 7 — A D kWi D NSy AG (T8 S B A2 3mm)

3-42 2 RT 30 E S — A O R O BNy AR (B E0 B 28 AL 5mm)
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B 3-43 2 T 30 £ — A O gl O 2L A (T SR 1B ZE (. 7Tmm)

X 3-44 2 ¥kt 30 E—AOFRWim OB A (W& EhE A AL 10mm)

X 3-45 2 ¥kt 30 o — XD geWimm DAL A (W8 8B 2 AL 15mm)

X 3-46 2 ¥koT 30 o — XD geWimm DAL A (W 8B 2L 20mm)

FRATHRE R & EREERZ T D & WEEMIZCKEDRBERNAELT THLHEGO
KRB E > TEL T, BB RIIRESEZAHLTHELTLZ RN aN5b, 2
IS EAMEFEOEITICE WV ELEEDT A LA XU —3(BEEZ LD, £
ERTIEZOEEN NS AEALELASA VLA Z U —DEALRLI DL, ZEBE
PLOFENT 2 R EREH O 21T-oCHZ WX MELEEEZOLND, 2 KT
BT MIEBERENPMNBATZOMFETHY | BROEGERLE LTRE SN D 3RILET
L LTRSS D), KO EREOFL LR D ENDIEOX A L
AZ T =BRELRT L, FRBATEFMOBHENRRNI ENDZORBENRRNZ
EBHOENTH D,
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Wi AR DEV 60 7 — RIZHOWTHRARICEEL, 2B A OERT—X L 05
LT RENEMEORBIZINT — % & HAQTLL RIS Uz, BAL 0540 B % X
34T B 354 TR L B A B —DEMNL T30 Er—2 LR UTH D,

Displacement(m) Magnitude
8.272e-07 0.0064 0013 0019 2.560e-02

| III.IHIIH

3-47 2RI 60 £ — A Ok WriE O ANy (B E SR E A AL 1mm)

3-48 2 RJC 60 £ — A O Wi O ANy AT (B E S0 AL AL 2mm)

3-49 2 ¥Rt 60 E A — A D g OBy A (W E SN E AL 3mm)

3-50 2 KT 60 FE S — A D kWi DNy (W8 S A2 5mm)
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B 3-52 2 ¥RJC 60 & — A D R DN s34 (WrE $a e 282 10mm)

X 3-53 2 ¥kt 60 S — XD geWimm DAL A (W8 N E 2 AL 15mm)

X 3-54 2RIt 60 £ — A D SWrm O BN AT (B $hE 2 AL 20mm)

Wrlg DRV 60 BEr — A TIX, 30 ESr —ATRONTZIEDHT A LA & v —%
IR O T, RO 2 RTEE Wi E T T VIS L D MR CIEd 2 N ERBENITHE
BRAER LD OX/NESEL TS, A LA X —FB05A SR LW RFIE,
W Jeg £8 FE ISR N T O IR T8 I KRN FR EA LT, FAMERE MGl SN0 T
bHLEZOND, BMNERSLSL/NENLOO, KEMEICBIT 2 EBRING EI13ER
FEREEAGHTHY . 2 RICMITRMICERT 5 EEZONDWEREMIELRITH
G2 EFR<SIEZAOND T ERDND, 2 RTEITET VX ODMREN B W=D, IE
DIAEEIT CELDEHRERIC L DBREAHETAINCT 0 5 < WEEMITEREICE
HETITRB LN GHEIT LI Z LR TE D,
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3.2.15 #HEBET7IOJTEED IR THABITELEROERLE

2 RTTIRMT D /- — A L RIERIC, &7 — ADOMNTFER L 2B A OERT — % OE£BEE
NZBERQATHREZLR Lz, WEAEOKRY 30 7 — X220 T, B2 FLd
MaxHE DK & S 2O L, BN AR OB % X 3-55 205X 3-62 (& M2 5 DiF
P E L TR LI, ERERICOVWTITERTORMBEINE LW, KEAOKHEE LT
KEOIME R Uiz, KED RO R Z 22 WLE DWW TR S R OB XL 0 FIghr
BT H7-DICfENTVWD,

VX Displacement(m) Magnitude

2.947e-06 0.0069 0.014 0.021 2.753e-02
HJWHIIIIII
i 4

3-55 3L 30 7 — A DNy (BT SR E A AL 1mm)

YL Displacement(m) Magnitude

2.947e-06 0.0069 0014 0.021 2.753e-02
.

3-56 3 oL 30 7 — ADEALSy A (& S IE AL 2mm)
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YL Displacement(m) Magnitude
2.947e-06 0.0069 2.753e-02

0.014 0.021
LL1 | LR L L
o | am

3-57 3 WL 30 7 — AD NSy (& SR B AL 3mm)

Y X Displacement(m) Magnitude
2.947e-06 0.0069 0014 0.021 2.753e-02
L1 LLLLLLLLLL

'

3-58 3T 30 E—ADENA (W8 EZ AL 5mm)

=¥

X Displacement(m) Magnitude
2.947e-06 0.0069 0.014 0.021 2.753e-02
DlllllL L
o

L1

3-59 3oL 30 7 — ADEALS A (& SR IE A AL 7Tmm)
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Yo Displacement(m) Magnitude
2.947e-06 0.0069 2.753e-02

| lol‘ogﬁ 1] ‘0‘,0‘2‘1‘ 1l

3-60 3 KIL 30 T —ADLEN AR (W& S0 E 27 10mm)

Lo AT Displacement(m) Magnitude
2.947e-06 0.0069 0.014 0.021 2.753e-02
LLLL L

JHW

3-61 3T 30 T —ADEN AT (B8 $h i 2L 15mm)

.8 SR Displacement(m) Magnitude
2.947e-06 0.0069

0014 0.021 2.753e-02
m|ﬁwmwmﬂ
-

3-62 3T 30 JE 7 —ADEN 34T (W& $h E 25 AL 20mm)
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2IRITLIENT DOFEFR L FIARIZ, EDOX A LA X =N A 54, BMOKRKE VD
HEMERERAKY LR ERERIVREREMNECTHZ EXNGND, LR
Do, 3WILET IV TIHBBRER 2 RIEET VLY KEL, KV EBEOLRELTV
DR RS A T AN IS ST WS, F i, TR O AL AR D> S B E Ak 1
AEERSTLEFEFESTCEETLTWD I ENGND,

WA SR ZE AL 20mm %2 A ) L7282 E L Im e RIEZIC B 1 F B BN 04 & b
O RTALTHIE LK 3-63 127”7, R, a2 —o L VEK 3-55 72 &
CRILTH D, 2RITCEFROERBM AR E LTS, L OREWHEIZE
WTH—REREMEETCTWND EEZZX N, AIBEDIT < TIXEEROZE) 6 IKFE
BRIB/NEL 2o TND T ENERTE D, ZHIEERBRIZBWTHREETH 5,

3-63 3L 30 ESr—AD LD RIZENAA (K8 EZ AL 20mm)

Wrig M 30 Er— X ERRIC, WiEME 60 7y — XOMTiERE 2 Bl H OFER
F— A DRBENMZ EBRTHRREZ LB Lz, BALOAMORREZ EBiERORBEIIRE
R EEELEEA, 3-64 725X 3-7LIC FRERMA»S RZGHKE L TRLE,

SAERNAY Displacement(m) Magnitude
2.947e-06 0.0069 0.014 0.021 2.753e-02
i (RN

J\erll[ H

3-64 3oL 60 L — ADEA A (&S A AL Imm)
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i _x Displacement(m) Magnitude

2.947e-06 0.0069 2.753e-02

3-65 3L 60 £ — A DN AT (K& h e

Y& Displacement(m) Magnitude
2.947e-06 0.0069 0014 0.021 2.753e-02
|

3-66 3 WRIT 60 A —ADENA (W8 EZ AL 3mm)

Y Displacement(m) Magnitude
2.947e-06 0.0069 0.
| L

014 0.021 2.753e-02
i('- L{H\‘HIIH

3-67 3 KRJT 60 E 7 —ADEN A (W Sn E Z A7 5mm)
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¥ e Displacement(m) Magnitude
2.947e-06 0.0069 0.014 0.021 2.753e-02

JHVHIII“II]H

3-68 3 WL 60 L — ADEN A (K& SR E AL 7Tmm)

Y Displacement(m) Magnitude
2.947e-06 0.0069 2.753e-02

0.014 0.021
.

3-69 3 WKL 60 T —ADEN AT (78 $hiE 2L 10mm)

Y Displacement(m) Magnitude
2.947e-06 0.0069

0.014 0.021 2.753e-02
|

3-70 3T 60 £ —ADEN 34T (W ShE 2 AL 15mm)
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Displacement(m) Mognlfude
2.947e-06 0.0069 0.014 2.753e-02

o am
3-71 3 IRIL 60 £ — A DLNL AR (W& $n B 287 20mm)

2 W ITHRAT O FE R & RIS, ACEENL O /NS W E A 60 7 — A 2BV T
FREEER S 2 A TEIANE R 53, ERERORBIK L 0O FICREMLEL T
WBHZENGND, Fho, WEZEN & L TIERIC 60 ETANSHEZENMITERBICE
HLETICIHE L, WAL TRBICEDLZ EVRHERTE D,

30 A — 2 L EAEIC. WIEENTEZEAT 20mm 2 A LTI-RIC&LE LI ik igic B
VB NS \zﬁa}i@b)%ﬁt%@%l 372 2R T, BfrarZ—oLrIiE 3 RT
M O r— 2 THBTH D, 60 7 — A TITKEEMB/ NS W=D, 30 Er— A
HARTHEBEDOEEN/NE L, Mh—RREMEELTNDLIEEx LD, ERICEBWD
THRBERNEITT 2BFE THEBED BN SN0, KEEMOKE W 30 Er
—ADFINFDEBENEETH -T2,

3-72 3L 60 £ — A D L b R B AL oA (W& e ZE Az 20mm)

3-38



3.2.1.6. FLHhLER

ERABERWESEEER T a7 EROFBMENT AT o 72, MEREOFBILE
BTHY, EAMOBEHEDZDIITbNI- A ORERRZ 5 & L, FILE
MradTo> 2 & CEBIERIEMITICB T 2MERTA—FE2FETDHI L E2EZTN,
XG L LIm EBRO KRR OJE S B K X o 7oz, Khizg 1) 78 E IS RIE KT
HERECCTHHREMERD STz, DD, BRI Ialb—rvar b LTRENT A—
ZuRFETDHZENHELLS, REMICERGEROBIICIZIEL R o7, EHAKO X
O IR O REHEEITHE L B X S AL, BUEMNT A D b IR S L iR
EEHTH D,

WA Y Fu ZEROBBMATE LT, FHESMEO R 2 RouthEWEE T
& SRREITIRVS LV BREOSKMITE W 3R ITMITET VEER L, EBRr— 2
WX B W £ B 30 E & 60 JEE DK — A OWTENT 24T o 7=, fRATAER L 0 |
Wi £ FE 3 ¥\ 30 FED 7 — A TILEARANCERIZRBICE D . 60 ED s — A TIHE
L CHRWAETRBIZEDZZ LN 2RLE 3RTOMAEDET VTHERINT, £
To, B — A& FEHRER L BERRBORIIR & i L, 30 £ — X TILARER S T
FRATAE FAX BN AR E <, 60 E — A TIHOR/NELLFEND Z B350 o T2, =
MIEEA VA 2 BN ERICHRTHETH LD TH Y, FFIC2RTTET L
TITMBRIERN NS W, EDOX A LA X —nNaEICAE U TR SRS K& <
Y ERD X RERENMEONTWD, ZOMBEIXAKEEMD/INEV 60 Er—AT
TR BN T,

3 WILHRNT CILFHRE D REEMMR VT2 | RIBME R OB L 2 ET 2 2 &
WEEL WA, RERDEREO @RV 2 RILET NV E AWM O 5 b, FRICHE A 60
FEOr—ATIE, EBRCRONLERBEREEELSHRERSE O TR Y, HESHF
A +TDICESERETH I LT, RETAELUAMWEL M LD ENRAMETH D
TLEMER LI, LinL., BiEAEDERN T — AT DWW TIIKFEEAN R E W2k
MR OEBENRE L, SKILMITOERPLETHD Z LRMHBINTEY, &t
BHAOMENMEL LTET NS,
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3.22. ¥MIEA A TOHRH QU ERFRILEHE)

ZZTiE. 2014 ERBRAGTHBEZ RIIC, RFEETHEBLLE ML FREDOR
RrepBlc, AHREHEEBELHENCER LIREMIT 21T 5, 2, BREMTC
ISHITZIZB BT (7 7 v N ERME)EE L, ORI EZEE LT 3 iz
FMid D,

AFRETIH, RBICHBETH8EOMRTFFIEL LT,
O)FMHEEIRE T VOMEIC L D, BFREEOZEHE
QEN FMEEY S 2 L— g LI K D HFE D KAEN A
Q)R . U O IR & B JE L 7 K g O FAE T
ZRELTWD, T 2 CTIRFRR 28 4 B R ) it % 55 By S sof 3R 55 Z2 5E 2 (W Jg 28 27
i FIEORFNFEREEQCLT PRk 28 FJE - Wifg 231l Tk O R FERE E
LWV EBEIC, LA, @QIOWTUTOHECla2 £ L7,
(VBEfE DR 6, Wi Lo X0 5mERKET 5,
(2) L)W o4~ 534 % 2 Okada(1992)12 & % A G5 4 FEhi -+
Do
() LR (2VDEN A B RS L L. 8 OB O FEh,

3.2.2.1. BITETIL
(1) f#AT fEIE & Okada(1992)1C & % 25 3 5

B 3-73 \ZfRMT RIS A 3, MRAT IR O B 2t S & 35, RS FITEh )
FWHEY I 2L —Ya VOERBFENERIICER D LD 2(km)E LT,

KJE OBAEfRIT OBER KM L L TORM 2 ARYIZ, 2014 FRERACEHE 2 5 &

L Okada(1992)iZ L 2 EArdt A 2 £ e L7z, £ 3-5 ICENFHRRFIZRE LIWE o5k
%R,
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K u;s-ll;el: { | ;3
° 41525.9un N\

) [\Js:

2 ) /,J llE)

BB AR

sy

R L XIS SRR (00, BEMLM ARG 00 = DEMIZE 5. KM, RMET MY, 8K d RN
ERCTRT §) BIURKRIEATORR MR ERRT AR R

I ecicnic Line active fast yywom and odber (asis mearby. (N Surface ruptuces swocianed wish the 33
Neveaber 201

Active fautes e Mot cm e y

Autherity of dapas, KM, I OF- Gofibu it The 4 -

HAN—-DEAMERENFRE 00 ERFRALHOEE W6.2) ISR ERERNED ] )
#2% (BHEH. 2015) Fig. 4. Continued.

04 ERFRIADBOLE W6.2) CHSELERBENROSH
(FLUFMESSAED. WEIEFH 2017 (SME)

3-73  fRATREIK

# 3-5 ENEHEEFOWE S

HA HLAL i
Wi & & (km) 20
CELE (km) 10
E 7] ° 25
TR £ ’ 50
TR (cm) 50
TN0A|C 90

(2) fEtrE 7 v
374 12T ALK & 3RTIENTET V&2 RT, BT MEx GO FFEK T,
PAFHEHZTRERE LT,
O A ek (X, Wi B A 7 1m0 2km, A T AN 1km, $RELT 1S 2km O 583K &
L7z S8hEHF L, B P aE s S 2 L—3 3 o CRE LW E m LR S 2%
Ikm TH B ED, 20O EiE&TeEkE TR L TV 5,
OWrEmIZHO>W T, BH—FH TET /ML LELEMEREE LTEET D,
Q@Em ¥ L O IIZM BRI D FH LB &E2E AL E LTRIE L,
@ RERICRET 2WMEME L, BN — FRAT—32 2 »(-SHIS)» b B i, ik
EREEOHME L LTETFT AL
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o)

I <=620
[ 620 - 640
. [ 640 - 660
/[ 660-680
[ 680 - 700
[ 700 - 720
- 720-740
+ [ 740 - 760
;[ 760-780
[ 780-800
.[Jsoo-820
[Js20-840
- [J840-860
[J860-880
i [Jeso-900
¢ " [J900-920
2 [J920-940
. [J940-960
] 960 - 980
[J980-1000
[J1000-1020
] 1020 - 1040
[J1040-1060
1080 -1080
[ 1080 - 1100
! 7 o s S/ 1w-1120
2 20 \ o0 ot fe Ty o [ 1120 - 1140

- aw
Y SOV, > ** @ 1140- 1160
# iy 3 N -
\ *\ gl <8 : .\L : I-neo 1180
B> 1180

X 3-74 ET ML E 3 RITEITE T L

#£ 3-6 HEpEE &

R agics 7V A WP GO
(m) (Kg/m’) (x10% N/m?)
~446 2,100 0.405 0.210

~1691 2,400 0.310 1.058

~1779 2,400 0.310 1.058

~2000 2,500 0.294 1.823

(3) BE S At

ARFEHTCIIW R m ., Wm, EEICEMERERET H, ¥ 3-75 12 2 RITEHTRE D
BREN Zrd, Al MERIC L2 ZEMEHEICB VT, WigEm b moBEiit, W
J& 1ELAZ 5 [ SC8R 1B 7 NS FE R IER /N SUVME & 7o o 7, 3 IRITRENT TIX, Wi Elm
M OZENIERR ER T, K 3-75 (R T AN A WrEmm, Wik &3 2/, Kiml
HIE LT,

3-42



mE(m)

0 R (1)

3-75

(4) B& L AT O 5 i

BE R AL (2 IR TTIRATIF)

FRATIZ. 2WRITWEZ W RTG A —F A X2 F ¢ L 3WRITET VT OMEN % E
L7, 2RICHE TIL. WEmAZRIE L -EAWRAZIREL., YAWMROME LT

A—& L U TR 2 %l L 7=,
3-76 2.

PRARAT D FEMiA A — T EIRT,

(1) GRIME E0 A RE. A AT 5. o | )
2) Y AW (W E A2 AR E) D AW I (t 6)D3, T A WrIR
JE(C+onktan 0 )& X 72356, L HET D, :9\\
ML L, ERXRFERNMEEZREL., TOROEEE 5 .
BT 5, N
E(l-vyvy)  Elvyvis+vy) Elvyvs +vy) 0 0 0
O_r A A A g'
11 11
o' E(vyvitvy) E(l-wvy) E(nvy+vs) 0 0 01|é&,
. A A A -
C:,s =| E(vyvn+vy) E(nvy+vy) E(l-w,w) 0 0 0 23;
1 A A A 12
g 0 0 0 G, 0 2el,
o) 0 0 0 G, 0 |\2&
0 0 0 0 G
\_ J
3-76  AMEHTFEMR A A —

# 37T — A =% A&, R 3-8 ITHAMBEDORERMEEZ T, 3FL LT,

ARFEHETHEMLEZ b L FAE T

BLEWBOMEIZSOWTERB L% 1650°0i#% C

boloZ b, 150° & FEARIINT A—F ZRIE LT,
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#% 3-7 fEWTr—A—%

b“—‘x ﬁh%ﬁﬁﬁfg ﬁ%% ﬁ%”’% 2 T35\‘ 120 P

Case00 00 (BT —R) — SRR 5

Case01 45 2 YT AT A WA & R | [P0y

Case02 120 (Mi£E g2 L) L7=#%i%. M4 .

Case03 135 1/10000 (2% F,

Case04 150

Case05 180 | 3 KoehEdT AR AT £
(M1 2235 [8)

# 3-8 WA - AT O SR RFME

K& JEE A4
(X 10* N/m?) (deg)
3.50 7

3.2.22. F¥&&

401 % JE OB CRIA T 28R KMEOIERICH - - TiE, By FmE#E Y =
L—va ry COWERORER 3-77 ERFM)ICBE LEE 5 X 5 /e cliEm
FZRELMBRICTHEELTWS, —F T, K 377 AR RT LIHIC, LT
BHRAE A BOEMDAAIZONTIE, BRI —va VU TRET DWERICE
REHERTEIRE R T, 22T WBEERAOEELEA RN D ML TR A
I (3R 8 OBAEMRENT O A SEN) 2 6 0 BUANTHK 250m Hiu sk o 28067 % FEAIIZ W 5

X114 R2EWINT L

W10 AW & KMEERITRRCRRLENA, BRIEEDNIN
RoLBTARANACAT, BBHT

RAN-DERENNERCSTIRANCATAN GAORAE)
FR275R ARNEE. 020

K 3-77 E/IHFMES I 2 L—3 g COREREE & 2014 45 B B AL R AR R
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% 3-940, LAEISE S B B 240m (i E R (R 3-78) 0 KL (ACE AN ) & R T

b U FRREEFT O T, AKEH IS 15em FREE . SAE T M 20em FEE O &
MEABH ST 05, SEOMI T, BHirh, AFEHAICK 10cm, i
% 30em OENL &2 D, AlEl, BEREFMHFCOWTHBIIEHES I 2 b —v 3 VR
MOEMNEZHME L0 TE AL W—"1E2ES, OB E OEN b —FE7R R
Ex LeMBRICEDHREHNTWDIZEICED2HDOTH D,

# 3-9 fRMTAERE

sr—24 | Case00 | Case01 | Case02 | Case03 Case04 Case05
2%t/ 3k 2 GO T (R B E AR L) 3%t
AW 4 i34 45° 120° 135° 150° 150°
FE0E (K T) (cm) 710.86 1123 1122 29.657 -9.641 71026
R (B0 ED) (cm) 29.46 29.63 29.62 30.24 30.2 29.41
Case00 & Dt 1.0 1.03 1.03 0.89 0.89 0.94
Lok T, 64T 1.0 1.01 1.01 1.03 1.03 1.00

B - -_(m)
i

X 3-78  FEATIRE SR — T AL HA

MUY TFREORKRE., REICEMPENZHAOM FIZEBWT, @EOMERA
RFICZENL LT RONDBAEMWE) N A ONEREORBEMIT 2T I IChin ., TDE
T IALDH B FIEIZ DN T, HTRER ORISR L CTEERER LD,

Alal, HEHK X 2R IR O fRAT 2 E RS DI H 720 . BIETE oA IS BE T D K
MBI OV TOET ML E, BERBGHEMMEDE 2 5 TITo7z, BATHRERICAD
N5 & oic, ML TOMITIZHA~, #i 21 Case03,04 Tik, lom F&EE D 7 (B g D%
e LCRIREMED & D EM)NHN D Z L HERNTE 12,
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case00

case01

case(02

case03

case(4

case05

3-79 BN A4 « KL /2 : $R1E (case00~04 ZETE A% £ 2000 1i%))

case04
L. . 3

3-80 BRG] & T A4 X
(F : BRSO AN, 2 0 2O B4 X (case04 2 TE A5 = 2000 fi7))

o002

o0 0wl w00s w0004 =T 20001 e os 00004 o

3-46



3.3. KEDEEXE

KEDSE L — K2 LIRS

33.1. By HBHIEL IS aAL—YavDERE

1)

2)

3)

Andrews, D. J. (1980), A stochastic fault model: 1. Static case, J. Geophys. Res., 85,
3867-3877.

SIMFIA « kT — - HEPTE —(2018), 2014 ERFRIEMOHE (M) 6.7) OE
TR FE~3 TR MG & B 8 L 72 BT ~, B AR R B 7 d 5, SSS14-P29.
LR REG - B HES - PERRE— - B E R (2015), 2014 4 11 A 22 H RERA
HOHEE (Mw 6.2) (T X o THYHL L 72 #5RIET & v VW o0 i S8 ORI g o0 43 A & MEIR,
I W R WF 7, 43 5+, 95~108.

3.3.2. REDYIEREHT

1)

2)

3)

4)
5)
6)

7
8)

SRR W EE) I O B E AT O TV ERSIM-MVS £l 2 W2 Z T
S oAb, Rk 28 FEHE E IR A KR SC, 2016.3.

JFF RRIIT, SRk 28 4 B TR ) i Rk 5 By S 3R A ZE RE B (M JE S W REAf R 15 o
BED) S R 28 4F 3 A

Yoshimitsu OKADA, INTERNAL DEFORMATION DUE TO SHEAR AND TENSILE
FAULTS IN A HALF-SPACE, Bulletin of the Seismological Society of America,
Vol.82, No.2, pp.1018-1040,April 1992

FORS R AL o SR ) 1| [ A9 D R BT B SR & 2014 41 & B IR K8 o0 Hi R (Mw6.2) 12
£ 5 R MR W E O 5347, 2015

s 415 oL 2R 30T R I 4 11 FE NG 1 ¢ 2014 AR R BF IR ALER O HEE (Mw6.2) 12 £ 5
KHTEWTIE D A & 48 5% B MU AHERE 25 128855 175 1-21 =X— 7, 2017 £ 1 A
FEETE N #5545 3R G U & 3o U b 07 5 & -, Ak 21 4 4 H EfGET 56 3 il
FRE N R T 25 5 5 F U e S o v b 7 - LB -, SRk 25 4 8 H EXGET 55 4 Jill
oOCY 4= F—U 4 vYRLTAT—~F ) w7 AGREHRE T, I [&FTH
], Bk AT H
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A4 FEERMBERS/NY— FERIFICRAIMNREDOER

e REm AT B ZE W~ — REYT (PFDHA) (2B W T, IEWE (Youngs et al., 2003) <°#f
FT AU (Petersenetal., 2011) | S HIZITHARENTOMEZEAMN (&& - fi, 2013) TIEHE]
WiEOETANRINTNDOICx LT i E CIxEWEICET2ET L LB I T
VW72 (Moss and Ross, 2011) . @4EHE F TOHRETH WKEORINEZEMICE L TET —
I DTN, 2 ETIET T VERIC LD WWERIW AN T — X DI E R AT, 22
TIXNE - BHE AT -2 OMOT —HIZoNW Tk 5,

4.1. IBEMT— 2 DEE

Boncio et al. (2018)1%, wfillrfg o> LARMI - T AR /BT E O H BRI 2 HEEHRIIc & D £ &
D5 72T AR O W E MR E D HRITE O - AR A a A VL, T—XER
BILCWo, RINERAGEOFKMBIT N ERNTH L7720, EWEOEM N2 TE]RY &
HDHNTND DT TiEew, Ll @IBEICE L CIXERRE b L —22 5 OBERREEEE (X
4.1-1) X, BRI NGB ETZOHMET -2 bar A/ ranTnd, 22 TIRE
NMERN SN T — X ZAFEEFEECKIEINT-T —XITEBML, 51T, 2 #CHEHA
L7 e 7 LR AN BN FEH21To7-, & 41-1ITBMLZHELE .
X 4.1-2 7»5[X 4.1-5 (2 Boncio etal. (2018) T2 > SA L ENT=% 41-1 OF — X 2R T,

‘\

AN 2
B2\ %
)

Displacement
value on DR
(when available)

\ Principal fault rupture (PF)

\ Distributed rupture (DR) \‘"'Displac ent value on PF
Numbered measurement point e available)
\a/'\ Width of the Rupture Zone (WRZ)

4.1-1 Boncio et al. (2018)(Z X % EIl W7 & o> 4% BA 55 1]
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# 4.1-1 Boncioetal. (2018)IC L VB L 7= HE

HEE Mw

1980 EI Asnam Earthquake 7.1
1983 Coalinga Earthquake 5.4
1999 ChiChi Earthquake 7.6
2008 Wenchuan Earthquake 7.9




Philip and Meghraoui, 1983

. % “Beni Rached" rupt
Earthquake El Asnam, Algeria Symbols nomalfaut uptrge.
Principal fault rupture (PF) Repiaadlo "’;’eﬁ"f‘;’gl‘;”
Date 1980.10.10 -+ - - Inferred trace of the principal geologic fault o001 Fallp snd Megheaou,
y 1983);
:\(/I.igrr:;tulqe l}\?/l 73,M,741 — — - Average PF direction 1) very large gravtatona
i i 3
A r?acz r?jspture length (km) 31 ——— Distributed rupture (DR) 32‘::::3:-;3?::: fe'c?gmc
Maximum displacement (m) 6.5 Bending-moment fault rupture (B-M) (distributed faulting) | e rosbenshie for e
Depth (km) 10 (USGS) ~———— Flexural-slip fault rupture (F-S) (distributed faulting) Not i dis o e
References See Table 1 and Table S1 ncortainios concaming I8

~———— Sympathetic fault rupture (Sy) (distributed faulting) ::f:a";i:‘"'e;"w"w“m its
Measurement point
——— Measured distance (r)

[Philip and Meghraoui, 1983

/ S

\pmmz 13

ép ||é and Meghraoui, 1983

0 05 1 2 |

Figure S2 -

Boncio et al. (2018)(Z & % El Asnam #HIE DY £ &



Earthquake

Coalinga (Nunez), CA, USA

Date 11.6.1983

Magnitude M, 54,M,54
Kinematics R

Surface rupture length (km) 3.3

Maximum displacement (m) 0.64

Depth (km) 20

References See Table 1 and Table S1
B N Ju.::':g a. ,,:’

&,

% July 25

CALIFORNIA
36710 —

AREA OF
MAP

-
i -1 coalinga

NS
_l"ye 7

0 1 2 KILOMETERS
[E——

I\ 1

% May 2, 1983,
& main shock *
O

Rymer et al., 1990

Symbols

Average PF direction

Measurement point
Measured distance (r)

Figure S3

4.1-3 Boncio et al. (2018)(Z £ % Coalinga #iFEDHL Y F &

Principal fault rupture (PF)

Distributed rupture (DR)

e BEa. Y .
XY d T :
r

SN

AL

LN

')

1 1

n
=TT AN A SN T AN

Rymer et al., 1990
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Earthquake Chi-Chi, Taiwan

Date 1999.09.20
M, 7.6

Surface rupture length (km)
Maximum displacement (m)

Depth (km)
References

Symbols
Principal fault rupture (PF)
- Inferred trace of the principal

geologic fault
~ — - Average PF direction
—— Distributed rupture (DR)

——— Sympathetic fault rupture (Sy)
(distributed faulting) *
Measurement point
Measured distance (r)

* Tsauton Eastfaul, classified as sympathetic
faul rupture due to is large distance from the
principal faut trace compared 10 allthe other
distributed ruptures, but a deep connection with
the main seismogensc fault is possible (Ota et al,
2007a).

b Figure S8
4.1-4 Boncio et al. (2018)(Z X % ChiChi #IEEDOH Y £ &
Earthquake Wenchuan, China
Date 2008.05.12
Magnitude M, 7.9
Kinematics R-RL
Surface rupture length (km) 240
Maximum displacement (m) 6.5 (v); 4.9 (h)
Depth (km) 19.0 (USGS)
References See Table 1 and Table S1
Symbols
Principal fault rupture (PF)
B -+ - - Inferred trace of the principal
3 geologic fault
\ — — = Average PF direction
D ~——— Distributed rupture (DR)
Measurement point

——— Measured distance (r)

PF to distributed ruptures distances have been misured only in areas “A” and “B". All the other data
are from tables in Xu et al., 2008, Yu et al., 2009, Zhang et al., 2010, Zhang et al., 2012, Zhang et al.,
2013 and Zhou et al., 2010.

[Scalo of e published map: ~1:6,000

Hinzw
J 30m
Liy-Zeng et al., 2010

- Liu-Zeng et al., 2012

‘Scale of the published detalled maps (a-0). ~1:13,300
‘Scale of the published main map (B): ~1:76.900

‘Scale of the published detaled maps: a. ~1:16,670
b.~143750
c 125,000

‘Scale of the published main map (A): ~1:83,000 v m
[X] 4.1-5 Boncio etal. (2018)(Z X % Wenchuan HiZEDHEL Y & &

Figure S10
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4.2. 33 Wi FE 0D Bl W 8 2% or BB Al Rl 3 =X D AT

[ERE 27 B 1 ) e ek % B S kPSR 5t (g 2003l ik o) F¥E) TR
5 AU T2 W e o B BT 28 R B R R A (4.2-1) kB L O (4.2-) R R T,

LHW _ (611232709 (4.2-1)
MD
& _ 0,2299¢ 12287 (4.2-2)
MD

2T, duw. dewiE BRI, FEEMIOEINEZEAN (m) . MDILEWREORKENM (m) | r
XEWTE S ORFEEE (km) T® 5, Youngs et al. (2003)<°5 2 - ftth (2013) & FEE, m/S—%
YEAN (ZZTIE 0 N—t X AN) TOEBREREZRD., HESMIT a=2.5 ZIE
L r~nfizfinsg (K 4.2-1)

1.00 4
0.751
Mw
® 62
6.53
=) ® 67
= 0.501
)
Side
e FW
A HW
0.25
0.00 1

0 1000 2000 3000 4000
Distance from Principal fault (m)

4.2-1 TRk 27 AR R ek S5 T S R R e (W@ A NLRTAG F1E O MF) F3 )
TR B AT W W IE O Bl W A4S (L BRI o, SRR DY BRI mER DS T AR AR 0 R W 286 R
Mo A R,
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Boncio et al. (2018) T & 2 Wil BT g 2507 7 — & % [k 27 A2 FE TR 77 B 5% 5 B3 55
RELGFER (WA FIEOR) FE) CTERE LT —ZIZBIML, ity —420
90 /N—k XA N THEBEREZ RO/ RERT (X 4.2-2) ,

LHW _ () 31870000307 (4.2-3)
MD
W — 050747000207 (4.2-4)
MD

FMIEME»SOHERE (m) THsH, EEMOT—2 N IEF L2 &, [k 27 4F R
T kR P S RE TR (WA TFiEomE) F¥) ColpERERICHT,
AR AE B AR T o T, TARNI WL F COWEM M AR e o7, A
O FEA O ARG HERAE (AIC) 13-29 20 5-30 LhEN A LTz, — 5, TR O BB
BRDAICITZ-19 064 & FT—EZ N2 7226 53, AIC O EETIXWHEIT AN
Mmoo,

1.00 1
0.754 Side
* Fw
A Hw
b Mw
a e 54
= 0.50 6.2
3 .
® 63
® 653
6.7
o 7.1
® 76
0.25 ® 79
0.00

0 1000 2000 3000 4000
Distance from Principal fault (m)

4.2-2 TSR 27 FFFEJRF S hi ek S0 Sk RS L5t H (WAL FiE O R FH)
CHEEL L 727 — # |2 Boncio et al. (2018)(Z & 2 Wil g mIWi g 2 7 — & % I 2 TR 7= Rk
W, FERRAY B SHE TR O B B A R X2 R~ T, RoBakEOO0IE E
WA DT —H D 90 N—t > H A NEIRT,
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SHILR2ETHRHNET 7 a7 EREREZ M2 TROT-HEBEEXEZ X 4.2-3777,

LHW — 0,3281¢70000337 (4.2-5)
MD
IEW _ 0,4596¢ 000207 (4.2-6)
MD

TIu S ERTELNEEREZESLL Ty PLTH ETF—FDIE55ENICE
STW5b, BT =B’ 0=, BERICIEIREREBLIZR LNV, WEEHETO
ERPLR/NS L R bHMEZRT, 71 7 ERFERE M 75RO F Tk, BEEMTIX-30.0
2 5-30.2, FHEMITH-4.2 n5-46 & AIC IIETIRLS 725, - T, 7TFHu JERERE
WYNCH Y A Te Z & T W18 257 B D= 204 O fe SR BRI T J8 2~V — REEMT O o
EREEAEA RS D,

1.00 1

Side
0.75 1 ® Fw

A Hw

Mw

6.2

6.3
6.53
6.7

71

7.6

7.9
Analog

0.50 1

D/MD
o0

0.25 1

0.00 A

0 1000 2000 3000 4000
Distance from Principal fault (m)

4.2-32FTOT F v FEBREE R AN 2 TR 7= 0T iE Bl W g A7 BRI R, EES Lk
BB ARR DS AR O B W g 28 AL BB = KA Rk T, ROBAKE 00X BT —% 0
90 /\o‘—"IZ‘/?/I)/V%ﬂ?j—o
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43. £&®H

B O MW BN T — 2, 2 ECEME LT 0 7 EREEROE « B A {TU, W
Je& O Bl T JE E B B 2 00 T AT o 7, BT S AU BRI O e R T — 2 g ik L7
TLICEY . B RMEEAE R T LS TRt £, FARBMERZ LT
155 U7 B S0 RS R E (AIC) 12 L 0 BHE L7 i NS S e = & v b
R B ZE M BB R R DR S e VR 2,8 X E 7T T u 7 EROKMEY I 2 L — 3
R A ERE L. MERREIMB AR — R ORI SR LT 2 EREE TH 5,
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5. lERRHMEEL/NY — FEEHN

Fle S 3 (R 67 J 25 1ir ~ A — RARMT (PFDHA) 13374kt 4228 7@ (principal fault) 767 )@
(distributed fault) 7> Ci§i 3 2 FEMA 0325, EWE OGS, EWEENDN & 5 20 &
Dy B 2 HHEH v(D = Dy) 1X(5-1) XTI D,

v(D = Do) = aP(sr #0lm) [ P (D > D0|§,m) fr@dr (5-1)

ZZTC. v =Fa—F m OHMEOHRMBEOWE., f o(r): WiEALEDOILHD>E  P(sr #
Om): ¥~/ =Fa2—FK m OHETCHEMEREIHIT 6L, P(D> DO|§,m) : EWE
Fo x)l ITBTLEEEN D NHDHE Dy LM EHERTHL, EHELTO
frE x FHIFHMENEE | CEFILLAZEIHVLOND,

EWE» Hr NSRBI DRIBEORS . BINEEN d NHDIEMNE dy &
M2 DR v(d=dy) TR TEEN S,

v(d = d,) = aP(sr # 0|m) fr P(d # 0|r,m)P(d = dy|r,m,d # 0)fr(r)dr (5-2)

ZZTPA#0lrm): ¥/ =Fa— K m OHEICLDEIMEEN d 28 0 LS TH DKM
&R, P >dolr,md #0): BINEZEN d BNdb D dy 282 5504 2HETH D,
TR EMEN ST RN TRAET D AN OMFERNTFIEE AW &2 FLIciT o,
(5-2) XTI SN DEIFEIZOWTiE, A2 HEEEEXOEWIC L 2REREOBR
179, £, LU F A N EWEIERE TH DD T, Petersen et al. (2011) (2 & 2 F=Wr
BN DIE B >E (Mapping Accuracy) % & & L 7= 4T 17 - 72,

5.1. BB/ Y — FEEH

Ao NV FHEMAIIRIBEICER T 5 & Bbh 2 IR IRDBD b7 & ¢5
fEL7o, EWRrEIX ML TFREMS LD SRAICEES N, RUABEE LZZ b, PL
TR T RANCALE T S Z LIk D, 2O, PFDHA b EIWTE O TR o FhEE
WEXEZNSRE LI Z2EHA T3 2L 705, BIEERE#EO PFDHA U0 EL S
TV 5 OIXIEETE % @ Youngs et al. (2003) . #{3 4L & 52 @ Petersen et al. (2011) | [EN%R
DR - 1 (2013) & | AR SR ([ 25 4R FEIRrE 2800~ — REEFiE o e (18 Ol)
SR g B . B IR RLIT) ) L TR 26 AR IR O M e SRR S SR AR R RE R
(7 Jeg 256 e O Jeg Aol 5 HUR B O FPATE ik o i at) 36 o TRk 27 4 R -+ ) i ik % B
KPR EZGeE (WA RN FIEORE) FH) . TR 28 42 B R 77 i 5 S B 5t 3K
LELGEHR (WREEMFIFEORS) F¥] ) TXITE 2, MK L2V EZREFTT 2
72812, Petersen et al. (2011) B L OVE 2 - 1(2013) ZH L& L CRIBTE O Y — RE %
FEffi L7z, Petesenetal. (2011) XA W E 2 x4t & L T 5723, Mapping Accuracy % 5 i
LTWbzoktig s LTHWE, &2 -l (2013) 12 X 2D 5 B 5l E 287 1 B
BAAARFETHONTZLDIZEESWHZT-ET LV TOFEHIT > 72,

Z Z T, Petersen et al.(2011) Z AR & L7z PFDHA % 7 o — L7 — X G J& - 1(2013)
ZIEEAREL LT PFDHA ZENT — A L L TEIRICHW MR % ( 5-2 )i - TR
Do
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I/ — L —2 cENF— AL HIZ I-SHIS Ok — A &Rk, 1000 44 W7z,
Mw iZ J-SHIS EF LD 7.7 B I ONEREOHMBRED 6.2 DBESOFE LT -,
P(sr # 0m)IZ DWW TlIX, EN7 — A TlEEE - i(2013)12 L 5 (5.1-1)=E Hw 7o,

e—32.03+4.90MW

(5.1-1)

1+e—32.03+4.90Mw

v — )L — 2Tk Wells and Coppersmith (1993 and 1994)12 & 5 (5.1-2)x\& H 7=,

e—12.51+2.053MW

1+e—12.51+2.053Mw ( 5.1-2 )
P(d # O|r,m)i%, EWNI —XTII&ERE - i1(2013) 12 L 5 (5.1-3)=\% Huv i,
eZ
1+e?
z = —3.839 + (—3.866 + 0.350Mw)In(r + 0.200) (5.1-3)

J'a— )L — AT, Petersenetal. (2011) 12 L 5 (5.1-4 & A=,

e —1.15381n(r)+4.2342

P(d = dy|r,m,d # O)IZEWN T — A TiX, @2 - il (2013) 12 & 2 Bl 8 22 (7 FE AR = 30 ( 5.1-5)
RX&, 7/ a— Lr— ATl Petersen et al. (2011)I12 X 5 (5.1-6) &= H\ 25, 2 b DOEN &
FEF SN TWDH72H, MD O%&aEEE - il (2013) 12Xk 5 ( 5.1-7), AD DAL
Wells and Coppersmith (1999)(Z & % (5.1-8) XA M A G bE TH W, ENT7 — XA TlIARFEE
THITCAZHE R L7 (4.2-5)3 ., (4.2-6) b REHIMZ 72,

£ = 0.55¢7017" (5.1-5)
MD
In(-) = —0.1826 In(r) — 1.5471 (5.1-6)
log(MD) = —5.16 + 0.82Mw (5.1-7)
log(AD) = —6.32 + 0.90Mw (5.1-8)

(5.1-5) R0 ( 4.2-5) + (4.2-6) DB AITH v~ DA%, (5.1-6)RDBEE 1T EIER 54 %
7z, KREEToOR|E N IR =R 4.2-5)8 X0 4.2-6) X2 HWi=HE50 L F
FAAE MR OFBIEMR LK 5.1-11273 7, Wb FEMO TR EWAEBIEM#EREZ R L TWD
b, iz, w7 =F 22— FBR/NSWHR 5 ecm QW AN ) HAE RN K& T
HAE M & T,

Ja—Npr—ALERNTF—RA LB LK 512245 L FER - BERTREN
HENZ =20 T em A — X —DOWBZEM DS +5 cm 4 — X —DOWr B 2L £ TEBH &
WAEBIBHERZ R L, mA—F =25 L 1 A—F—nb 2 4 —F —FLEFE BB R DI
DI D, RERO 70— L — 2Tl om A—FZ—OWEEMTIX, ENFr—2 X0 b5
VAEEERE R L. m A — X — OB AN EICK LT 2 4 — & —RAEBEME RN D L.,
EWN7— A2 L0 LEE[ 2R, Mwe.2 ORBORERTIZ, ZJu—Lr—2 - @ENY
— A L HIZ MWT.7T DERICHERT, REL LT 2 mERT,
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BB 255 & L= PFDHA TiX, 72—\ — 2 TlEIMBEMENREL D &
FERBBER L RELFDT D, —FH, ENF—ATIEZ 0 —rhr — 22T E BB
BN LI WEER BB L,

1x10*1
1x107°9 T T \
E‘g 1x10°1
o) “:_j\\
‘ﬁEJ \.\.\ ~
B 1x1071
1x10°4
1x10°1
1x1072 1x10" 1x10% 1x10""

HTEZAL (M)

5.1-1 [EWN 7 — A ORI & 207 %z B EERCR AU AR FE K TR O S 72 ( 4.2-5) « (1 4.2-6):
W TERER, HRRAS LRI o BRI R RS TR o0 BREER R T & D N — AR
R, FERAY MWT.7, RBRDY MW6.2 D R,
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1x107%

@umﬁ-
)

0
ﬁn]oﬁ-

T1x107 1

1x107

1x1072 1x107" 1x10% 1x10"
WIBZAL (m)

51-2 Zm— 3 — A - HNT — ADHRER, JR#EDY Petersen et al. (2011)I2 K 5 7 =z —
N — A TR ER - il (2013) IC X BEN — A BRSEN S — R O I 287 B EE
HERICAKFEETRD N FRMO( 4.2-6) 2 AW B2 RT, EMRD MwT.7, S

2 Mw6.2 D it 5.
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52. EBDIE S DF (Mapping Accuracy) ZHY Ahf=/\¥
)

— KB

11

Petersen et al. (2011) T/REANL TV 5 EWfE—IGHE L — R L DR, L ITIEs -
(fa() ) OFAliA#1T>72 (K 5.2-1) , F* 5.2-1 (T Petersen et al. (2011), [Fjk 28 4= &R
T i RR 5 By Skt SR R RE B (W LR A OME) 1 12 X SRR R AR,

/\_ Rupture trace == == mm ¢ Mapped fault, inferred
Mapped fault, accurately located eseeseseeseee Mapped fault, concealed
== == = Mapped fault, approximately located I Accuracy observation

5.2-1 Petersenetal. (2011)IZ X 2 FEWrfE—1EWrE b L — R & O #ERF O FEAm X

# 5.2-1 EWiE-IEWTE b L — A & OBERRRE—%, /5 : Petersenetal. (2011), A : [FAk
28 AR T i Rk S By S R R (W B AR FIE O MEN) F¥E Ik D,

Mapping Accuracy w(m) ¢’ (m) o (m) Earthquake p(m) o' (m) o (m)
All 30.64 43.14  52.92 1995 Kobe 0.73 22 22
Accurate 18.47 19.54 26.89 2014 Nagano -163 97 190
Approximate 25.15 35.80  43.82 2016 Kumamoto -1 98 98
Concealed 39.35 52.39  65.52
Inferred 45.12 56.99  72.69

o=\pu2+ao'? (5.2-1)

T TuldiE T & R R & O BN O SEE, o IZTEITIE & IR R TE & o BERE O
EER 2, ol%(5.2-1)RU2 X 5, Petersenetal. (2011) TiE, EEIZIL p=0& L CaEliT 5
72912(5.2-1) XroBEoN 20 TS, FEEO b Lo FRRAN U OIE W 13 FE S
NI AL EREN TN E SR TW5D, fit-> T, Petersen et al. (2011) D54 1% Mapping
Accuracy % Approximate @ ¥ & OREHE(RE &2 V7=, RRBRE OSE1E e 28 £FER 7 1)
35 S5 5 S AT 0E 55 2 RE 20 (W R O 0 i O MR F ) C ORI RS e Ve, IR ZE
BB, BT IX( 4.2-5) - (4.2-6), EWTEIX(5.2-2)XE HW, (5.1-D)Rick s E
Wi B, (5.1-3 )R X 2 EIE B2 v,
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T(a+b) (¥

= F @) i z%71(1 - 2)'7bdz

F(y)

0.87x
a = exp(0.70 —

)

3.84x
b =exp(—1.40 +

)
y=D/MD (5.2-2)

Petersen et al. (2011) D35H O EWE A OFHHEIZIX. L TFTOXEHW,
’1—‘< 0.0036Mw + 0.2804 DA XL FOXEZ#EH T 5,

In(D) = 1.7969Mw + 8.5206? —10.2855 (5.2-3)
> 0.0036Mw + 0.2804 O LA IZLL FTOXNE#EHA T2,

— »

In(D) = 1.7658Mw — 7.8962

DI EWEEN (em) &R d, ZOf, (5.2-5)RC X 2 EIKEZAL, (5.1-2)RU2 Xk 5 EWr
JEHELR, (5.1-4)RUC X 2 EIW 8 HBLR 2 A=, EWIE-IEEE ~ L — & & OB O3 A
I Petersen et al. (2011) & RIARICIEM A 2 E L, ~ABOELAT 2470, EWE AN
HELT 2 BENG 320 % TERE LT,

In(d) = 1.4016Mw — 0.1671in(r) — 6.7991 (5.2-5)

5.2-2 |Z Mapping Accuracy % &8 L 7= Petersen et al. (2011)\C X 2 FFAfh % 5 & 73,
5.2-3 + [X| 5.2-4 {2 Mapping Accuracy % & & L 7= [-pk 28 48 5 J5 1 F7 i % &5 5 56 % R 5 & 5T
(Mg ARl TR ORE) F¥E) I L DM AEN EEEEE A O R R 2 R T,
50 £ T 0.05% DR THE L D WEEN BEE2 2D &, EWEEHFIL 7 v — L7 — 2T 1m 2
. ENS—Z2ATiE 126 2m BEE o7, K 5.2-2 D7 v — )L — 2 DORGHHE Tl
JE N B % (5.2-4)°(5.2-5) DX H I Mw M HEFERO TRB Y, FHEMNCESRLLLEZET
NERWSED /S FHlissd & LTWs (Petersen etal., 2011)

5.2-3 0¥ 5.2-4 L[ 5.2-2 L& i#k9 % &, Mapping Accuracy D oA K E W [3EK 28
R R SR S B xR SRt (W AN FE oM £ ToEFs 22 A0
7o (4 5.2-3 X 5.2-3 K 5.2-4) D, XV MEIEN AT Z R~ T, £72. £ OHLIEK 5.2-2
TR ML TFHE LIERE S O], TR TERMIBEIL TWDLONR 015,

INHOMTERENGEEND EWIEEMPBAD L TR TR RSN T DN HAET
DN 0172 2 FRTIER W, EWE 2 b4 km B 72BN E Z AL D~ — FERERE R & X
5.2-5 "%, 2km B D & Bom OWIEAEN S FRAET D EBEMERIZET ISR D
bbb,
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—ERTE (IBEPREEHE) Bl 01-02
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5.2-2 Petesen et al. (2011)® Mapping Accuracy % & & L 7=/~ — R 5
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0 50 100m
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Legend
— SEWTE 0.05%@50yr (m)
— EWTE (RTEER) [ ]<=0.1
— ERTE (RIEPCREEHE) [l 0.1-02
HFRIEMTE ~ L —X I o02-03
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e== Distributed [06-07
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[114-15
[C1>15

[ 5.2-3 =& - fl (2013) T [¥pk 28 4F 1 ) ft ik S B S kb SR L sty (W g 22 A AFA
FEORKE) FHE) To Mapping Accuracy & fl A& b 7o N — RN O 55 F
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=== Distributed 0.6-0.7
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5.2-4 &2 - i1 (2013) (T [°Fpk 28 A 1 okt ek S B S8 IR R at . (W@ 2 ALRTA
FEORKE) FE) To Mapping Accuracy <° W8 2L, AR FC o B ¥ R D 2 A
AW — RS R
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1x10*1

1x107°

My 104
o)

B 1x1077

1x10°81

1x107°

1x1072 1x10" 1x10% 1x10""
WTEZAI (M)

5.2-5 FHEMIFE 1000 £, Mw6.2 DD Y — Rl BHE R, RIS EWIE 2> S O FEEEA
1km, HFEMRD 2km ORFOFEF, BEHRII ML TFHEONY— RREMKE, VT d T
AR o BRI R G ( 4.2-6) iz K B,
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53. FEH

4 FECHE LW B I 31T D RIS 28 N7 BRI R 20 BEAE O e 2R a1 T g AL~ —
RIS &2 VT, b Lo F A & i U 72 HS oO Fe R O I8 BN~ — R o R fRAT
ZEMLUE, L FHAZRIBER G E R U726 BATHHEIC 3 W\ THUE £ o Bl MR
HICLY b FHEAGT CRIZE S 7o 50 om R EE O W8 AL A3 38 A3 L AR R i e R U
10° 4 — X% —Toh -7=, &I, Petersen et al. 011 TRRESIN TV DLEMBEOIXS X
(Mapping Accuracy) % . 2014 4E RS IRILEHIE COMEBEHEBEWR EEHEHR N OHONTZIZL D
ORI A= EHA L CHEROKEEN Y — RREST 21772, TORE, hLoTF
HSEEWE AN AT DRSS £ 105 A — X — o EBEERICBVL T m A — 4 —
DOEMEBENRHET SN, S5, EHEOIESSE (Mapping Accuracy) % & 8 L 7= i b7 i
BiZ, b o TFHEEIOMEBERMBEN S BEE L-EEEZERELZERE o7, ZOFEIZ
EWiE DX 5> % (Mapping Accuracy) % %8 L 7=l R3GBO W8 2L~V — RN O 2h ik
TR, EWEEFE IR 2 EDEEOABMIZL > THONIBERNMRKRELSERD
TEERLTWD, LLans, WkrfElzkiT s 4E M7z Mapping Accuracy #Fffi 0 7=
WICHW 2T =2 1307 (RBITOFR RSB LN DWBEM & /NT A —ZICKRE KGFT
Do LTeo T, glEmET T oV EROBE Y I 2 b—3 a3 URERZID AL, HeFGH
Wr g 25NN — REHT O R 2 SRS T 5 & & I MmN 8 AL~ — RS
BE2ERBL T MLERD D,

54. 4 E - 5 EOXHER
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293-313.
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Youngs, R. R., W. J. Arabasz, R. E. Anderson, A. R. Ramelli, J. P. Ake, D. B. Slemmons, J. P.
McCalpin, D. I. Doser, C. J. Fridrich, F. H. Swan, A. M. Rogers, J. C. Yount, L. W. Anderson, K.
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6. BRSO RUNE
6.1. BXRMEBEFELFISRBEEAEHFA - cOERELITH]

2018 /- 11 H 26 BT, L LERFHATF ¥ VN ADF ¥ VXA A ) RN—T g kv
Z— EBESEEICB W THAMBYESOH 18 BlHEH S FM S, RS ME
BEIZOWT, ZTOHRNDOREE TE 4 L OO ST 205 THERENW, #ERFA
ML aER 6-1IZRL, K 6-1ICFEERHERE L TRHBAIMOBEDOENZ T,

#* 6-1 BIEFRERYU A b

2 A b A B

AR 2 H 1 2 PR ENELIN D FEBR BEIM=

MBS LT A7 PO S LIS | R EE—

ol

BT LA RE (B - AA~==2T7 0

=) AR O

BT LA PR (EEHR - MR~ T |
BEOHETE)
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it Fil RAK

AA MV | BT LARE (P - AR = 2 T ViR)

i HAMEAY 18 [MEgE & RS TRl - TOMEH LIS

[##]
B 7 LA PRAENTIE D < R AL EHEE O JR P & BEREE AT Tk CH>nWT D
BV,

> WETT LA BEEOHD LR

TEENT LA R CIRIR S G AN EEA 72 R & O FHNE T vy HiEBEh T HIZE 12
ERT 2 1 koe S HAEE (ESHm~%Tm) 2HMETHIHOTHEAIND,
FHELMWET LA AT, B 0.1~10Hz FEE O 2y L & ORERIZ X 5 158 & xf
ST 9, IHz ZRICEEMANI A OIEENIC X 0 AT HIREINETH LY . EEHM
IXFEICRIEZ L - iR EOBRBBICL Y RAETIRBBLRTH S, 2 OEHHIC
FOE SN 7-RmENEBEEZ BB T 2L AMAERENVZEEENRES 2V LY
RVHIERE S O EEZ 2D X 91075, — RO HBERESE CIIEWVE T & B R EE
HWENENTZO, JAPNREWVIEERmEOGREEE TELS 72D, ZOR®EFHL T,
PEYVT LA B CIT R ICEBE OB 2 5%E L CHMEIZIE L, & 525 Frmn
Ok DIRBNONAREE 2 BT Lot L, o s EME L #ET D TFIETH D,

> KEhT LA REORE
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Appendix 1

Appendix-1 Surface Rupture Simulations and Physics-based Ground Motion Simulations



Report of NRA project “Surface Rupture Simulations and Physics-based Ground Motion
Simulations”

Summary

In this project, we have performed asperity dynamic rupture models for the 2014 Mw 6.2
Naganoken-Hokubu (Japan) earthquake to evaluate fault displacement (defined as the surface
rupture offset or slip at the free-surface). This earthquake ruptured a reverse dipping fault of the
Kamishiro fault segment. Unexpectedly for the size of this earthquake, surface rupture of around
9km has been observed (Ishimura et al., 2015). The strike and dip angle of the main fault are,
respectively, around 25° and 50°-60°. But observations of Ishimura et al. (2015) suggest that the dip
at shallow depth changes to low angles, making the fault rupture at shallow depth geometrically
complex. For computational convenience, in this study we assume a simplified planar fault segment
with dip 50° and strike 25°. The kinematic slip model from Hikima et al. (2018) is used as guideline
to develop the asperity dynamic rupture model. Hikima et al. (2018)’s kinematic model presents a
rather heterogeneous complex slip distribution with about four asperities at the seismogenic zone.
This complexity is unexpected for the size of this earthquake. Therefore, in addition to the dynamic
multi asperity model based on Hikima et al. (2018), we also test dynamic models with single
asperity. The fault dimensions for the dynamic rupture model have a length of 19km and a width of
15km.

The first step is to define asperities and the corresponding initial stress drop distribution based on
the slip distribution of the kinematic slip model. But since up to date we do not have the digital data
from the kinematic slip model of Hikima et al. (2018), the calculation of stress drop has been done
on the qualitative visual inspection of the kinematic slip image, in which we roughly get slip
average for each asperity. Then, the method of Andrews (1980) is used to calculate the initial static
stress drop.

The second step is to follow the trial and error procedure to refine mainly stress drop, and secondary
the strength excess and critical slip distance, so that the final moment magnitude, fault displacement
and near source ground motion (velocity and displacement) be consistent with observations. In
particular, since fault displacement and final displacement near the source are the main target of this
project, major attention has been devoted to these parameters when evaluating consistency with
observations. The trial and error procedure is done manually following the visual inspection of the
results, so it does not follow an automatic algorithm with quantitative estimations of misfits.

The dynamic rupture models assume that the first 2.0km along dip of the shallow layer (SL) zone
operate during rupture with enhanced energy absorption mechanism, as such it is parameterized
with negative stress drop (0 to -0.5MPa) and large critical slip distance of 0.8m.

Since surface rupture is observed only along 9km length at the south-west of the fault, the SL zone
of the north-east length of the fault is parameterized with large strength excess, so that surface
rupture is inhibited.

The main conclusions of the best asperity models are as follow:

1) Multi asperity models (based on Hikima et al., 2018). A total of 12 models, denoted as MaspH,
have been developed. Best models consist of 4 asperities. In order to better capture the profile of the
observed fault displacement, two small shallow asperities above the hypocentre and below the
observed surface rupture seem to be necessary. In addition, two larger deep asperities, below the
hypocentre, are required to approximately capture the features of the kinematic slip model. The best
model that better predict all the observations (Moment magnitude, fault displacement and ground
motion) is the model denoted as MaspH12. The dimension of the small shallow asperities (length x
width) are 2km x 2km, with stress drop 4MPa and 5.5MPa. The two larger deep asperities are 5km
x 2.4km and 3km x 2.2km, respectively with stress drop 5.5Mpa and 7.0MPa. The consistency with
observed fault displacement can be improved with further calibration of the shallow asperities.

As mentioned, the two small shallow asperities are crucial to capture the shape of the observed fault
displacement profile along the surface rupture. If one or both of these asperities increase in size
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and/or change their location, the shape and amplitude of the fault displacement profile is strongly
affected. In addition, these two small asperities also contribute to reproduce the sharp velocity pulse
ground motion in the very near fault stations. Our conclusion is that in order to better fit the shape
of the fault displacement profile, these two small asperities need to be well separated, one in the
very SW of the fault and the other in the very NE of the observed surface rupture segment.

2) Single asperity models: A single asperity model with dimensions 8km x 6km has been tested at
different locations on the fault. Basically, two locations along strike characterize the asperity
models: models denoted as MaspA are located between 2km to 3km from the SW of the fault
(below the surface rupture segment), and models denoted as MaspB are located between 5km to
6km. A third class of asperity models on a fault shifted around 1km to the SW, denoted as MaspM,
with distances between 4km to 6km, has been also tested. The fault is shifted in order to the fault
trace covers all the observed surface rupture reported by Ishimura et al. (2015). A total of 16 A
models, 4 B models and 6 M models have been developed. Overall, single asperity models predict
reasonably good the observed ground motion, but they are not good to predict the observed fault
displacement. The best single asperity models to predict fault displacement are the A models,
because the asperity is located below the surface rupture trace, but profile is not consistent with
observations. Best A model is denoted as MaspA16 with stress drop on the asperity of 3.0MPa. Best
B and M model are respectively denoted as MaspB4 MaspM2, both with stress drop of 3.8MPa. But
the B and M models have the potential to produce surface rupture beyond the observed surface
rupture at the NE side of the fault. Therefore, these models need careful calibration of the shallow
zone to inhibit surface rupture beyond the observed ones.

In conclusion, a multi asperity model similar to MaspH models are better than single asperity
models to predict all the observations, in particular to predict the observed fault displacement.
Nevertheless, introducing heterogeneities at the SL zone along the trace of the observed surface
rupture, such as variable strength excess, negative stress drop and/or critical slip distance, could
improve the prediction of fault displacement for the single asperity models. We leave it for future
research.

On the SL zone characterization. As mentioned above, the SL zone characterization has been
divided in two parts. At the segment where not surface rupture is expected, large strength excess has
been imposed to inhibit surface rupture. This characterization can be improved, in particular for the
multi asperity MaspH models. By better calibrating the dynamic parameters of the background area
at the seismogenic zone, rupture can smoothly stop before reaching the SL zone and free-surface
corresponding to the segment of no observed surface rupture. In that way, the SL zone can be
homogeneously characterized along the fault length. And since surface rupture is mainly driven by
the asperities located below it, then rupture would propagate only along the asperities region and
reaching the expected free-surface.

In general, SL characterization of a known target event, in which surface rupture length is known
from observation (as is the case of this study), is analogous to the asperity model characterization at
the seismogenic zone of a known past earthquake. If we know where are the asperities (for example
given by kinematic source inversion models), then we can characterize asperities. In the same way,
if we know from observations the surface rupture length and fault displacement, then the SL zone
can be characterized following these observations. As has been done in this study. But also, if we
know the existence of shallow asperities, the SL zone above these asperities can be characterized
for surface rupture. More challenging is the SL zone characterization for future earthquakes, in
which no any observations are given to be guided. In this case, the surface rupture length and fault
displacement amplitude can be constrained with existing empirical relationships, such as seismic
moment vs surface rupture length, as well as empirical relationships of fault displacement and
asperity models. Given such information from empirical models, suite of physically plausible
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models with different parameterizations (heterogeneous and/or homogeneous) of the SL zones can
be characterized for a given target event.

1. Introduction

The 2014 Mw 6.2 Naganoken-Hokubu (Japan) earthquake ruptured the earth surface along 9.2 km
of the Kamishiro fault, as reported by Ishimura et al. (2015). Strong ground motion of this event has
been recorded by near-source stations from K-NET, KiK-net, Local government and by the JMA
seismic intensity observation network. In addition, one GPS station very near to the fault recorded
permanent displacement. Field investigation carried out by Ishimura et al. (2015) immediately after
the earthquake mapped the location of the surface rupture using handy GPS equipment and also
measured vertical and horizontal fault displacement mostly along the pre-existing scarp of the
Kamishiro fault, the northernmost section of the Itoigawa-Shizuoka Tectonic Line active fault
system (Figure 1a). The Ishimura et al. (2015)’s observations suggest that the dip of the reverse
fault changes to low-angle at the shallow depth. Figure 1b (taken from Ishimura et al., 2015)
illustrates the path of the surface rupture associated with the 2014 Naganoken- Hokubu earthquake.
The measured profile of fault displacement is shown in Figure 2. The maximum measured fault
displacement of about 80 cm of vertical fault displacement is located at the very north-east of the
surface rupture, as well as about 55 cm of horizontal fault displacement at the very south-west of
the fault, suggesting a complex surface rupture pattern.

Kinematic source inversion for this earthquake has been developed by Hikima et al. (2018) using
3D Green’s Functions and sub-faults of 1km x 1km for a fault length 19km and width 15km with
dip angle of 50° at shallow and 60° at deep. Figure 3a shows the fault location on the map and the
ground motion stations used for the inversion. Figure 3b shows final slip distribution of Hikima et
al. (2018). As shown in this figure, slip distribution is highly heterogeneous, suggesting at least 3 to
4 asperities at the seismogenic zone and one asperity at the very shallow zone. For this size of
earthquake, this heterogeneity is unexpected.

The kinematic slip model from Hikima et al. (2018) shown in figure 3b is used as a reference to
develop the dynamic rupture model of this earthquake. Since the digital data of this kinematic
model was not available for this study, this kinematic model is used as a qualitative reference, and
not as a quantitative target for the dynamic rupture model.
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Figure 1. (a) The northernmost section of the Itoigawa-Shizuoka Tectonic Line (ISTL) active fault
system. (b) Location of the surface rupture associated with the 2014 Naganoken- Hokubu
earthquake. (After Ishimura et al., 2015)
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Figure2. (a) Distribution of surface rupture, as illustrated in the rectangle box of Figure 1b; (b)
Measured vertical fault displacement (triangle symbols); (c) Horizontal fault displacement (plus
symbols). symbols ? are expected pattern. The measured fault displacements (b) and (c) are plotted
by projecting to the NE-SW direction line. (After Ishimura et al., 2015)
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Figure 3. (a) Projection on map of the kinematic slip model from Hikima et al. (2018); (b) Final
slip distribution on the fault (after Hikima et al., 2018)

For computational convenience, in this study we assume a simplified planar fault segment with dip
50° and strike 25°. The fault dimensions for the dynamic rupture model are the same as the Hikima
et al. (2018)’s kinematic model, i.e., a length of 19km and a width of 15km. Figure 4 shows the
fault model location and stations for ground motion and permanent displacement comparison.

Observation Station
A K-NET
A Kik-net
A Local government
A VA -
] GPS (GNSS, GSI)

Shifted fault location
Lat. 36.6404N
Lon. 137.8387E

Initial assumed fault location A e
Lat. 36.6480N
Lon. 137.8480E

Figure 4. Top view of the simplified fault model (rectangle box) for dynamic rupture simulation,
and near-source station for comparison of ground motion as GPS permanent displacement. Red
solid and dashed rectangle is the initial assumed fault location following Hikima et al. (2018) and
used for asperity models MaspH, MaspA and MaspB. Black dashed line is the shifted fault location
used for MaspM models. Cross symbols indicate observed surface rupture reported by Ishimura et
al., 2015.
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2. Geometrical characterization of asperities

Asperities are defined as patches of large stress drop at the seimogenic zone. The asperity area and
location for a past earthquake are usually defined based on kinematic slip models obtained from
source inversion (e.g. Dalguer et al., 2008). In this project, the kinematic slip model of Hikima et al.
(2018) is used as a reference. Figure 3b shows the image of the slip distribution from Hikima et al.
(2018). This kinematic model is highly heterogeneous suggesting the existence of 3 to 4 asperities
at the seismogenic zone. We call these model as multi-asperity model denoted with the prefix
“MaspH”. The number of asperities for the size of this earthquake is unusual. Therefore, we also
developed single asperity models with different locations on the fault. Models denoted with prefix
“MaspA” are asperities located in the very SE side of the fault, and models denoted with “MaspB”
and “MaspM”are asperities located at the NE side of the observed surface rupture. Models MaspH,
MaspA and MaspB use the initial assumed fault location based on Hikima et al. (2018) and shown
in Figure 4. Models “MaspM” use the shifted fault location also shown in Figure 4. The shifted
fault location intends to cover the full observed surface rupture. Figure 5 shows the geometrical
locations of asperities for the four groups of asperity models.

(a) MaspH models
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Figure 5. Size and locations for asperities. (a) Multi-asperities models “MaspH”. (b) single asperity
models “MaspA”. (c¢) Single asperity models “MaspB”. (d) Single asperity models “MaspM”.
Models MaspH, MaspA and MaspB use the initial assumed fault location based on Hikima et al.
(2018) and shown in Figure 4. Models “MaspM” use the shifted fault location also shown in Figure
4.

3. Dynamic rupture model
Set of dynamic rupture simulations using grid element size of 200m in a simplified planar fault
(Figure 4) with strike 25°, dip angle 50° and fault dimensions 19km length and 15km width are

developed for the asperity models shown in Figure 5. The initial rake angle imposed to the initial
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stress is assumed to be 80°. Slip weakening friction in the form given by Andrews (1976) is used as
constitutive model for dynamic rupture simulation. The 1D velocity model corresponding to the
very near fault station NGNOO5 is used (Table 1). For numerical computation, the velocity model
for the first 221.7 is calculated by taking the average of the values within this depth, as indicated in
Table 1.

Table 1. 1D velocity model at the station NGNOO5 very near to the fault as shown in Figure 4

0.0 615 255

2200
5.1 615 295 2300
12.1 965 Average 500 Average 2200 Average
18.3 1980 =218 850 1641 2300 2350
72.3 4000 2100 2400
221.7 4000 2100 2400
1496.7 5000 2700 2500
2725.4 5500 3100 2600
3988.9 5700 3300 2700
7738.0 6000 3400 2750
18000.0 6700 3830 2800
33000.0 7800 4460 3200

3.1 Initial stress drop estimation

The first step of the dynamic rupture calculation is to estimate an initial stress drop constrained with
the reference kinematic slip model. This initial stress drop is computed using the approach from
Andrews (1980) and expanded by Ripperger and Mai (2004). This method follows the concept of a
static stiffness function that involves a 2D-Fourier Transform of the slip on the fault. After
calculating the initial stress drop distribution, a trial and error procedure is followed to estimate the
stress drop at each asperity, such that fault displacement, ground motion and seismic moment are
consistent with observation. Table 2 shows the initial stress drop calculated for each of the asperity
models shown in Figure 5.

Table 2. Initial calculation of stress drop for asperity models based on assumed kinematic slip

Model Number of asperities Assumed slip Initial calculated stress drop
(m) (MPa)
MaspH 3 (See figure 5a) 1.0 (Aspl) 8.0MPa (Aspl)
1.0 (Asp2) 8.6MPa (Asp2)
0.6 (Asp3) 4.0MPa (Asp3)
0.3 (background)
MaspA,B,M | 1 (See Figures 5b,c,d) 1.0 4.8MPa

-Multi asperities MaspH models. The kinematic slip model from Hikima et al. (2018) is used as
reference. Since we do not have the digital data of this kinematic model, the assumed slips shown in
Table 2 are obtained from visual inspection of the kinematic image shown in Figure 4 to calculate
the initial stress drop. This initial stress drop is calculated for the three asperities shown in Figure 5a.
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Then after trial and errors of dynamic rupture calculations, the number of asperities was increased
to four, as shown in Figure 5a, to better fit the profile of the observed fault displacement.

-Single asperity MaspA, B, M models. For the calculation of the initial stress drop of the single
asperity models, the assumed slip shown in Table 2, as well as the size of the asperity have been
obtained from the KKE team.

3.2 Dynamic parameters for dynamic rupture simulation

As mentioned earlier, slip weakening friction in the form given by Andrews (1976) is used in this
study. The dynamic parameters for this friction model are the stress drop, the strength excess (SE)
and critical slip distance (Dc). The initial stress drop calculated in the previous section (Table 2) is
adjusted by trial and errors, so that the seismic moment, fault displacement and ground motion at
the stations shown in Figure 4 be consistent with observations. SE and Dc are also estimated by trial
and errors. These parameters basically define the energy absorption at the crack tip during rupture,
as such control rupture extension and speed. The dynamic parameterization for the shallow layer
(SL) and seismogenic zone are characterized as follow:

Shallow layer (SL) zone: The rupture at the SL zone is assumed that operates in a distinctive
manner from the rest of the fault. This is due to the formation of incompetent fault gouge, cracking
(e.g. Marone, 1998; Marone and Scholz, 1988), presence of thick surface deposits of sediments,
fissured rocks and other forms of brittle rock damage that have evolved over many earthquake
cycles. The main feature of this SL zone is that it operates with enhanced energy absorption
mechanism during rupture propagation. In order to mimic this mechanism during frictional behavior,
a mechanism of fault strength hardening imposing negative stress drop is adopted (e.g., Dalguer et
al, 2008, Pitarka, et al, 2009). For the earthquake studied in this project, SL zone for all the asperity
models is defined at the first 2.0 km along dip from the free-surface. At this zone, negative stress
drop (0 to -0.5MPa) and large critical slip distance of 0.8m is assumed for all the asperity models.
In order to break the free-surface at the region of observed fault displacement (along 9km length at
the south-west of the fault), SE decreases linearly from the corresponding value at the top of the
seismogenic zone to 1.0MPa at the free-surface. The SL zone of the north-east length of the fault is
parameterized with large strength excess, so that surface rupture is inhibited.

Seismogenic zone: This zone is where the asperities with large positive stress drop are located, and
they are responsible to produce the dynamic earthquake. For all the asperity models, the background
stress drop on this zone is assumed to be zero and Dc equal to 0.2m. The stress drop and strength
excess at the asperities are adjusted by trial and errors, so that the moment magnitude, fault
displacement and ground motion are consistent with observations.

Multi asperity MaspH models: A total of 12 models have been developed using first three
asperities, and then four asperities as shown in Figure 5a. The two shallow asperities above the
hypocentre and below the expected surface rupture length were captured by the kinematic source
slip model from Hikima et al. (2018). These two asperities seem that play an important role to brake
the surface rupture and to form the observed profile of fault displacement shown in Figure 2.
Nucleation at the hypocentre with radius 2km assumes a minimum stress drop of 2MPa to provide
enough energy for rupture propagation.

Single asperity models: A total of 16 MaspA models, 4 MaspB models and 6 MaspM models have
been developed. The nucleation at the hypocentre is inside the asperity. As indicated before, a
single asperity model with dimensions 8km x 6km has been used for all the single asperity models.
The asperity of MaspA models is located between 2km to 3km from the SW side of the fault, and
for models MaspB the asperity is located between 5km to 6km. As also indicated before, the
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MaspM models are used on the shifted fault shown in Figure4. The reason to shift the fault is to the
main fault cover the complete observed surface rupture segment. The asperity for the MaspM
models is located between 4km to 6km from the SW side of the fault.

Location of the single asperity along dip from the free-surface is in most of the models 3 km.
Distance of 4km has been also tested, but in order to break the free-surface, a shallower single
asperity is required, therefore distance of 3km from the free surface is better than deeper locations.

3.3 Preferred dynamic rupture models

The preferred asperity models for each group that better fit the observations (moment magnitude,
fault displacement, near-source ground motion and GPS permanent displacement) are described in
Table 3. The frictional parameters for the preferred models are shown respectively in Figures 6, 7, 8
and 9 for MaspH12, MaspA16, MaspB4 and maspM2.

Table 3. General characteristics of preferred asperity models

Preferred | Number asperities | Stress | Asperity Distance (km) Mw
Model drop dimensions Along strike | Along dip
(MPa) | (LxW) From SW From free-
surface
MaspH12 4 Aspl | 5.5 5.0km x 2.4km 6.0 6.0 6.19
(Figure 6) | Asp2 | 7.0 3.0km x 2.2km 12.0 8.4
Asp3 | 4.0 2.0km x 2.0km 1.0 2.0
Aspd | 5.5 2.0km x 2.0km 5.4 2.0
MaspA16 1 (Figures 7) 3.0 8.0km x 6.0km 2.0 3.0 6.19
MaspB4 1 (Figures 8) 3.8 8.0km x 6.0km 5.0 3.0 6.33
MaspM?2 1 (Figures 9) 3.8 8.0km x 6.0km 6.0 3.0 6.25
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Figure 6. Frictional parameters of preferred multi-asperities MaspH models (MaspH12). Top shows
nominal stress drop distribution; middle is strength excess and bottom critical slip distance
distribution.
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Figure 7. Frictional parameters of preferred singles MaspA models (MaspAl6). Top shows
nominal stress drop distribution; middle is strength excess and bottom critical slip distance
distribution.
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Figure 8. Frictional parameters of preferred singles MaspB models (MaspB4). Top shows nominal
stress drop distribution; middle is strength excess and bottom critical slip distance distribution.
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Dynamic Input Parameters (MaspM2)
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Figure 9. Frictional parameters of preferred singles MaspM models (MaspM2). Top shows nominal
stress drop distribution; middle is strength excess and bottom critical slip distance distribution.

Figure 10, 11, 12 and 13, respectively for the preferred models MaspH12, MaspA16, MaspB4,
MaspM2, show the dynamic rupture solutions, represented by the final slip, peak slip velocity,
rupture time and rupture speed. It is important to mention that the peak slip velocity presented in
this figure is the direct result from computation, that is, it was not filtered. So, this values are
essentially to show patterns of peak slip velocity. To use these values, it is required to apply
additional low pass filtering below the maximum frequency range, resolvable by the dynamic model.
These frequencies are estimated 1Hz at the shallow zone and 2 Hz at the seismogenic zone.

Fmal Slip (ave=0.42, Mw=6.19, MaspH12) (m] Peak slip rate (ave=0.52) [m/s]
]
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Figure 10. Dynamic rupt uree‘ §olut|on of preferred multi‘a erﬁ‘"és MaspH models (MaspH12),
represented by final slip distribution (top left), peak slip velocity (top right), rupture time (bottom
left) and rupture speed (bottom right).
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Figure 11. Dynamic rupture solution of the preferred singles MaspA models (MaspAl6),
represented by final slip distribution (top left), peak slip velocity (top right), rupture time (bottom

left) and rupture speed (bottom right).
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Figure 12. Dynamic rupture solution of the preferred singles MaspB models (MaspB4), represented
by final slip distribution (top left), peak slip velocity (top right), rupture time (bottom left) and

rupture speed (bottom right).
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Figure 13. Dynamic rupture solution of the preferred singles MaspM models (MaspM2),
represented by final slip distribution (top left), peak slip velocity (top right), rupture time (bottom
left) and rupture speed (bottom right).

4. Comparison with observed data

First the fault displacement generated by the preferred models are compared with observed data,
and then with ground motion velocity and displacement. For the ground motion comparison, the
very near fault stations as defined in Figure 4 are used.

4.1 Fault displacement

Fault displacement is defined as the fault slip at surface rupture, that is, the offset at the free-surface.
The observed fault displacements used in this study are the ones reported by Ishimura et al. (2015).
These authors reported vertical and horizontal fault displacement shown in Figure 2.

Figures 14, 15, 16 and 17, respectively for models MaspH12, MaspA16, MaspB4 and MaspM2,
show comparison of fault displacement with observations. The three components (fault parallel,
fault trace normal and vertical components) as well as total horizontal and total fault displacement
are plotted in the figures.

Overall, the multi-asperity model MaspH12 predict better than the other models, in particular the
profile of the fault displacement. This is because the two small asperities located below the SL zone.
The observed horizontal fault displacement at the very SE side of the fault is not reproduced.
Further calibration of the small asperities below the SL zone can improve the fitting. The second
best asperity model to predict fault displacement is the MaspA16. Though the shape of the observed
data is not reproduced, surface rupture along the observed one is predicted, in particular the
maximum amplitude is reasonably estimated. The reason of this second best asperity model is
because the single asperity is located below the segment where surface rupture has been observed.
Model MaspB4 and MaspM2 are not good models to predict the fault displacement. This is because
the single asperities are located more to the NE and below in between the patches of observed and
no-observed surface rupture, as shown in Figure 5cd. Because of the location of this asperity, these
models also tend to break the segment of no observed surface rupture.
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Figure 14. Fault displacements (total, fault parallel, vertical, fault trace normal and total horizontal
components) obtained from Model MaspH12 are compared with observed fault displacement
reported by Ishimura et al. (2015).
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Figure 15. Fault displacements (total, fault parallel, vertical, fault trace normal and total horizontal
components) obtained from Model MaspAl6 are compared with observed fault displacement
reported by Ishimura et al. (2015).
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Figure 16. Fault displacements (total, fault parallel, vertical, fault trace normal and total horizontal
components) obtained from Model MaspB4 are compared with observed fault displacement
reported by Ishimura et al. (2015).
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Figure 17. Fault displacements (total, fault parallel, vertical, fault trace normal and total horizontal
components) obtained from Model MaspM2 are compared with observed fault displacement
reported by Ishimura et al. (2015).
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4.2 Velocity and displacement ground motion

Simulated velocity and displacement ground motion of the preferred models are compared with the
observed ones recorded at the 6 stations shown in Figure 4. Notice that the station 950366 is a GPS
station that recorded permanent displacement. The synthetic ground motion of the four preferred
models are plotted in the same figures and compared with the observations. Figure 18, 19, 20, 21,
22 and 23 show comparison respectively at stations NGNO05, NGNH36, 950266 (GPS), 70012,
70028 and 70029.
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Figure 18. Three components of velocity and displacement ground motion from models MaspH12,
MaspA16, MaspB4 and MaspM2 compared with observed records at Station NGNOO5 located at
the footwall.
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Figure 19. Three components of velocity and displacement ground motion from models MaspH12,
MaspAl6, MaspB4 and MaspM2 compared with observed records at Station NGNH36 located at
the footwall.

16



El\avaspMZ, MaspB4, MaspA16, MaspH12 (Freq= 0-0.5 HEva

_20 i £ =
£ 950266 530 P —
E15F 1 = —
E’ [}
210 Ezo
§° S0
> g
0 z
15 20
@ E
2 o
E b
< 5
e E'
&) 5
kel g-
= 8
2.
0 5 10 15 20
uD
g ° T
2o S - - Observed GPS
E E ——MaspM2
2% % N ——MaspB4
8 MaspA16
3-4f g pA
> 210 -
= (7]
© [= T \_‘.;:._.:—- ______ -~
0 5 10 15 20
Time (s) Time (s)

Figure 20. Three components of velocity and displacement ground motion from models MaspH12,
MaspA16, MaspB4 and MaspM2 compared with permanent displacement records at GPS Station
950266 located at the footwall.
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Figure 21. Three components of velocity and displacement ground motion from models MaspH12,
MaspAl6, MaspB4 and MaspM2 compared with observed records at Station 70012 located at the
footwall.
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Figure 22. Three components of velocity and displacement ground motion from models MaspH12,
MaspA16, MaspB4 and MaspM2 compared with observed records at Station 70028 located at the
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Overall the four preferred models predict reasonably good the velocity and displacement ground
motion at the footwall. At the hangingwall only the vertical component (UD) is better reproduced.
The comparison between the preferred models shows that the multi-asperity MaspH12 has better
performance than the other models. The sharp velocity pulses at the footwall as well as the
displacement, including the GPS permanent displacement, are better reproduced by the MaspH12
model. But also the waveform of the vertical component (UD) at the hangingwall. These results
suggest that the source heterogeneity represented by multi-asperities is the beset representation of
the source for this earthquake

5. Discussion

5.1 SL zone characterization

The SL zone properties when breaking the free-surface strongly affect the fault displacement
distribution and the very near-source ground motion as shown in the previous NRA projects (e.g.
Dalguer et al., 2018). Therefore, the dynamic parameterization to characterize this zone for dynamic
rupture calculation is of relevant importance to predict fault displacement and very-near source
ground motion. But the main question is what make the rupture propagation to penetrate the SL
zone and ultimately to break the free-surface? It is clear that the rupture propagation in this SL zone
cannot run alone, since this zone is characterized mainly by energy absorption mechanism. The
main driving elements to break the SL zone are the asperities because they provide the energy
necessary to produce earthquake and to break the free-surface. Therefore, it is expected that the SL
zone just above the asperities is the zone with major suitability (or probability) to break the free-
surface. This has been also observed in our previous NRA projects (e.g. Dalguer et al., 2018) and it
is observed in this project as well. The kinematic source slip model from Hikima et al. (2018)
shown in Figure 3 clearly represent this feature and it is corroborated by our MaspH models. The
shallow asperities of the MaspM models (asp3 and asp4) shown in Figure 5a are crucial asperities to
the rupture propagation penetrate the SL zone and to break the free-surface consistent with
observations. The profile shape of the fault displacement may be a good indicator of the existence
of asperities just below the SL zone. Figure 23 schematically illustrate such feature.

Fault displacement profile

/\(M

SL zone SL zone
Asp.
Asp. p Asp.
Seismogenic zone Seismogenic zone

Figure 23. Schematic representation of shape from fault displacement profile influenced by the
asperities below the SL zone: single asperity model (left) and two asperities model (right).

Figure 23 also suggests that for the SL characterization, the knowledge of the location of the
asperities provides an initial input to define the zone of surface rupture for dynamic rupture
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simulation that can be constrained with observations, as has been done for the 2014 Naganoken-
Hokubu earthquake in the present project.

The procedure followed for this earthquake to define the SL zone has been defined by the
observations. The SL zone has been divided in two parts, the segment of observed surface rupture
and the segment of no-surface rupture. In the segment of no-surface rupture, large strength excess
and large negative stress drop have been imposed to inhibit surface rupture. This imposition seems
necessary for the singles asperity models located below the SL zone of no-surface rupture (models
MaspB and MasM). However, this parameterization can be improved for the single asperity MaspA
models and multi-asperity MaspH models, in which asperities are located below the SL zone where
surface rupture has been observed. The way to improve is by better calibrating the dynamic
parameters of the background area at the seismogenic zone, so that rupture can smoothly stop
before reaching the SL zone and free-surface corresponding to the segment of no-observed surface
rupture. In that way, the SL zone can be homogeneously characterized along the fault length and
surface rupture would occur only on the SL zone above the shallow asperities. This further
calibration (investigation) could be done in future work.

In general, SL characterization of a known target event, in which surface rupture length is known
from observation (as is the case of this study), is analogous to the asperity model characterization at
the seismogenic zone of a known past earthquake. If we know where are the asperities (for example
given by kinematic source inversion models), then we can characterize asperities. In the same way,
if we know from observations the surface rupture length and fault displacement, then the SL zone
can be characterized following these observations, as has been done in this study. But also, if we
would know only the asperities location, as schematically shown in Figure 23, the SL zone with
surface rupture can be characterized given the location of the shallow asperities.

More challenging is the SL zone characterization for future earthquakes, in which no any
observations are given to be guided. In this case, the surface rupture length and fault displacement
amplitude can be constrained with existing empirical relationships, such as seismic moment vs
surface rupture length, empirical relationships of fault displacement and empirical models of
asperities location. Given such information from empirical models, suite of physically plausible
models with different parameterizations (heterogeneous and/or homogeneous) of the SL zones can
be characterized for a given target event.

5.2 Trial and error procedure for asperities parameterization

The trial and error procedure of the dynamic parameters and asperity locations is manually done by
visual inspection of the results. This procedure is certainly not ideal because highly depend on the
judgment of the expertise of the modeller. Ideal procedure would be following an automatic
algorithm or methodology with quantitative calculations of the misfits, but at present we do not
have such algorithm.

In the present project, the observed fault displacement is the main metric for constraining in the trial
and error procedure, but it has been also guided by the moment magnitude and near-source ground
motion (velocity and displacement), in particular the final displacement. One example of the trial
and error procedure is shown in the figures 24 to 28, where results of the model MaspH®6 are
compared to observations and evaluated to make decisions on what to change for the next models.
This model is also compared to the preferred model MaspH12. In this comparison, the effect of the
two shallow small asperities (asp3 and asp4, see Figure 5a) is highlighted. MaspH6 is an
intermediate model from the trial and error procedure, in which the main different compared to
MaspH12 (preferred model) is the size of the asp3 that has a length of 3km, larger than the one of
MaspH12, that is 2km. There are some other differences such as the overloading of rupture
nucleation and stress drop distribution that has been changed in the process of trial and error. Figure

20



24 compares the final slip and rupture time between these two models, Figure 25 compare the fault
displacements, Figure 26 and 27 compare the near source ground motion at the very-near source
stations (NGNOO05 and NGNH36, see Figure 4) and Figure 28 compare the GPS final displacement
at station 950266. By visual inspection at the model MaspH®6, the first observation is that moment
magnitude 6.25 is larger than the target 6.2. So, it needs to be reduced for the next models. The
second visual inspection is that the shape of the fault displacement profile and amplitude is very
different than the observation in between 4km to 7km from the origin of the fault. Then amplitude
at this region need to be reduced. To achieve it seems necessary to asp3 size be reduced and be
pulled apart from asp4. The visual inspection to the very near-source stations (Figures 26 to 28)
indicates that amplitude of the final displacement need to be reduced. Since these near-source
stations are highly affected by the fault displacement, then fault displacement need to be reduced. In
summary, decisions for the next models are to reduce size of asp3 and be pulled apart of asp4,
reduce overloading of nucleation, some tunes in the stress drop, strength excess, and so on. By
several trials the MaspH12 is reached, and at the end one needs to decide which model better
represent the whole observations. When comparing MaspH6 and MaspH12, the major differences
are in the fault displacement (Figure 25). Ground motion at the stations overall are similar, but final
displacement is improved in MaspH12 and also the pulse of velocity ground motion is better
represented by the MaspH12 as well as the moment magnitude.

This trial and error procedure is tedious that certainly need improvement following a more
systematic and quantitative assessment of the misfits.
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Figure 24. Dynamic rupture solution of the preferred MaspH12 model (left) and MaspH6 model
(right) represented by final slip distribution (top) and rupture time (bottom).
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Figure 25. Fault displacements (total, fault parallel, vertical, fault trace normal and total horizontal
components) obtained from Model MaspH12 (top) and MaspH6 (bottom) compared with observed
fault displacement reported by Ishimura et al. (2015).
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Figure 26. Three components of velocity and displacement ground motion from models MaspH12,
and MaspH6 compared with observed records at Station NGNOO5 located at the footwall.
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Figure 27. Three components of velocity and displacement ground motion from models MaspH12,
and MaspH6 compared with observed records at Station NGNH36 located at the footwall.
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Figure 28. Three components of velocity and displacement ground motion from models MaspH12,
and MaspH6 compared with permanent displacement records at GPS Station 950266 located at the
footwall.
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6. Conclusions

This report describes the general description of the performance of four type of asperity models, one
multi-asperity model and three singles asperity models.

The main conclusion of the preferred asperity models is that the multi-asperity models are better
representation of the source to predict fault displacement and near-source ground motion. Best
model consists of 4 asperities. Two small asperities just below the SL zone at the fault segment
where surface rupture has been observed and two larger asperities at deepest area below the
hypocentre. The two small shallow asperities seem necessary in order to capture the profile of the
observed fault displacement, but also the sharp pulse velocity ground motion at the very near source.
The two larger deep asperities, below the hypocentre, are required to approximately capture the
features of the kinematic slip model used as reference as well as to reach the required moment
magnitude. The best model that better predict all the observations (Moment magnitude, fault
displacement and ground motion) is the model denoted as MaspH12. The dimension of the small
shallow asperities (length x width) are 2km x 2km, with stress drop 4MPa and 5.5MPa, the two
larger deep asperities are 5km x 2.4km and 3km x 2.2km, respectively with stress drop 5.5Mpa and
7.0MPa. The consistency with observed fault displacement can be improved with further calibration
of the shallow asperities.

The single asperities are in general not good to predict the observed fault displacement, but a single
asperity located below the segment where surface rupture has been observed has better performance
than other single asperities. Nevertheless, introducing heterogeneities at the SL zone along the trace
of the observed surface rupture, such as variable strength excess, negative stress drop and/or critical
slip distance, could improve the prediction of fault displacement for the single asperity models. We
leave it for future research.
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