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https://www.nsr.go.jp/data/000035425.pdf, (2017 /=3 A 1 HHER

VERERIE (2016), AT hbA R —T g ANTHS S BEARHE L HTE - AESOER - s
& - VA MR, BAREREREFEE S 2016 4R K2, MIS34-P71.

BEAHEN - FIINAAE « ABZERER - HFIH B (1997), st 7 CRAET 2 HIFEO fmax 12
B9~ % RO MR, HUBRERER SRR B FIRE THISE, 103
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43.1.2 HFRHEBEWIEHFRIZES W=V ) AEBRET L OMHESE

43.1.2 HFHENIEERIZESW= T U AEIRE T VO

® FLwic

Z T, MEHMENBERICKSWIEEBIRET VOBEDORICLE LR HEERE SO
FERMAE R L, FRICESWEBIRETF VOMELZIT .

@ WERsoRE

REAHIEARE O MEHEN AL, TICKRFAFRTNV—7 (2016) & EEEITR AT
AT (2016) & ASRIICHE > TIT > TS, BUFIZ, SO Z R~ KRFEAFR 7V
~f@m&*ié%§&%(ﬂ43u4)fi A 22 W o~ o A7 )T, 1 vT 21

22T T 31 km OHFHEW G E 2 RH L Q5. FEEEHINRAIICAT (2016)I12 L 2 7K
R (X4.3.1.2-2) TiZ, A BB E TIEREREEE ST 2@ o PEIE R T L % 3 km,
HAGERSS (WAVTIN) IZBWTEXZ 4 km, #28 km OHEMEWEEZ RLH LT
5. —J, BREABETIIBLZ 6km OHEHENER L LTS, LER-T, HEA
Wik 2 AT g — VT 7 £ TEB 2D &, Mg OBEEETIO 3 km 2RS4 L7z 31
km L7200, KRZEAFRZNV—7 (2016) L A CHIRMBENE R X725, WlRE2BE5IC, £
4.3.1.2-1 O X H ITHIFRHEN IS WrEfrE 2% E Lz (4 4.3.1.2-3).

F7o, REARHUBARI AR OB EMICHEEASE 2013)I2 X2 &, A B I
KEICHE BT 2 & mbTggEst 2 b T AHrIcWiE & S 19 km EHEE STz (K
43.1.2-4).
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1:8)EFhAE 2:Afdiha 3. 5KthE 4. AFhs 5 E#bhE 6. F/NHihE 7. F3H
hin 8:=iFBH#is O:fEEMMA 10:#FA 11 /\REOBES 12: /B2 Rhith S
13: /\RiBRmEIEE =
@ MBI EiELATEE P EHRBOER
EMEOME X EEBHE SR (1991) BEARIER (1998b) , tEA(FA (2001), FEIFA (2001), FEE
B ATER - i BB IR BT - BB K 201) RUhEREMEHERTERERS
SRYASSEHRESRMRICLIENEE - HMERBEDRIERICE D
F X [ E L th BT 24T 20 E #h X1200000 (Hh R E§) TEEA | T\ R 1& 1 FH, BEMRIE. EHEE. R
—) OB RIEEICKYMIEM S ESNIZERE,
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EIRTET L DORES

@ EBFEETILORESE

#43-1 ORLEBRET VO Y b, MBRMEWBIERICESWIZEBRET L (RiE)» S
EBTIV 4) OREEZITO. BELICERNRTA—F %K 43122 12, BRETT LVKEZK
43.12-5a |9, E£7z, B THEFEMIEHEEASS (2013)1C X 2470 B E AR )X
MOWEE SICESWEERET LV (RENSETIVS, 6, 1) OELITH. HRELZE
JR/RT A—H2 %5 43.122012, BRETVKEXK43.1.2-5b ~ dITRT. RENSET )V
5& 6 DEWVIIERIGRORETHD. RHENIET VS OBSERBERIZIZNE TOET
IV ERIRRIZT AR T o ORSEERER LR G RN 25 ETH LD, MMENPSET /L 6 1%
ZIENIRFHNE T AT 7 OWEBRE DN A2 DR ETHDH. FENSET IV 6
E T DENIT ARV T AEORETHD. FHENSETIV6 DT AT T ¢ [ IWiEH

IFHRORE CTH DD, FENSET /LT ITEBICEE L KMMHIG6 ([ZFETNnD. X
43.12-6 ICZ ZCHER LT-ANENSET V4, 5, 6, T ERITHERE LT-EATT LOT 23
VT 4 OMBREOENLIH & 2R

F 43123 ITHEATTNVERMENSET NV 1 ~ 7 OERBEFR T A =X O, #*
43124 \THIBE—RA 2 N T ARY T 4 BIEOIGTIE T EIZOWT, EARET VT D
KETIVOREMOLLZRT. HEE—A> MILIOkm €TV (RS ET VS, 6, 7)
DO TRV /NEL, OETIT08 ~ 1LTHERETHS. IR TRIZEDET L
LIFRETHD.
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EIRTET L DORES

#43.1.2-2a NHENSET N4 DORERNTA—XF
P ) L31km
LUE O DEE BE B THENE 4 RHn
(MUIRFEERE: 2-15km)
Wi B IR - ° - R T BIERICE O ELELY
EHERS L km 31 MR RMT R ERICE <
{ERA 8 ° 65 Asano and Iwata(2016) DHEJIMEE 5%
e o 2SZOGREID i< 55 BRLE Y
197.71(BRRA)
TRYF A ° 200 FRAEED L TFTRAE #5 BETAORER T AIHE)(-1605)
KEFII=Fa—F M ya - 7.3 M= (logL+2.9)/0.6
WRE—A b M, Nm 1.92E+ 19 logM (= 1.17M +10.72
E—AUNTI=Fa—F M, - 6.8 M, =(logM(-9.1)/1.5
E WIBEH S km? 587.4 AR ZE(1999), $=4.24x 107" X (M, X 107)!/2
# R W km 18.9 w=s/L
2 B L iR RE H, km 2 AMEH(2014)% B
= . - WREE 7L T IHIRE A ERER(I5km)+ 2km & Y B
b RREEETILOE Wooger  km 16 B¢ 5B LS CEREE
E B E 7L T iRiRS Hy km 16.5 HERERB(15km)+ 2km & Y £EVVEE
HEETILORS Looger  km 36 L&Y KEL L+ Skm AT OMIBETILA v ¥ 2 94 XDEH
EREBETILOEE Smoder  km? 576 Smodel = Lmoder XWmodel = = Spogel
WRRE RIS TS FlFE R km 13.5 R=(s/m)'"?
HE o g/em® 2.7 RE
SIKERE B km /s 3.4 RE
(23 4 N/m? 3.12E+10 u=p B2
REHBL2AOTEYTAY £ D m 1.1 D=My/ (- S)
SEEEL R L A Nm/s? 1.42E+19 18- (2001), A=2.46 X 10" X (M, x 107)'/°
BHBRTE Ao MPa 3.4 Ao=(7/16)" My/R?
A TARY T4 OREEOFMHFE r km 6.3 r=(77/4)- {My/(A+ R)}- B2
s T AR T4 ORER S, km? 126.6 s,=nr?
P 7RRYT4 2hOFHTYE D, m 2.1 D,=&- D, £=20
2 FRAY T4 OHEE—A DL Mo,  Nm 8.44E+ 18 My,= - D, S,
* FARY T4 OEABTE Ao, MPa 15.4 Ao,=(5/S)- Ao
[k S,y km? 84.4 S,=2/3- S,
A FifiE r km 5.2 r=(8,,/m)'""?
*"3‘ : TRY & b, m 24 D=7/ 79" D, 7y =r/r
:‘z ; WRE—A L Mgy | Nm 6.23E+18 Moai= 4D,,S,,
- EAFC RPN - s 1.7 T=a- W, /V, a=05
; A [ S,, km? 42.2 S,,=1/3+'S,
B g il E r, km 3.7 r,=(8S,,/ )"
# TRY R D,, m 1.7 D,=(1,/Z 7 D, ¥o=r/r
2 WEE—AF 0a2  Nm 2.20E+18 Mg,.,= #D,,S,,
SAREA L i s 1.3 To= 0+ W,,/Vr, @=0.5
” ERELOBEE—A U+ Moy Nm 1.08E+19 Mg, = Mg =My,
: ERAEOEHE S, km? 449.4 S,= S-S5,
:E HEREEOTAY B D, m 08 Dy= M1 S,)
5 EREGOBHETE o, MPa 2.9 0, = (Dy/W,)* (m%5/D) r T o, (ASPAMEHEDE)
EREEHDT 1 X84 L T s 3.3 T,=a+ W,/Vr, =0.5
z B AR TR B 3 [ Hz 6 B Hh(1997)
[ Qff Q - 62f°87 e #(2016)
th WIRIEIBEE v, | km/s 2.4 V=072- B
E TARY T4 B - - 0.22 S,/S
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EIRTET L DREE

(NP SETIVS, 6, TORIANT A—HIFFRLTHD)

L19km
1o 7S ﬁxz i
LY E (N DHE R T
(HhTRFEEE: 3-15km)
C=E - ° - RAE LR (2014)
EHERS L km 19 RS E R HELEARED (2013)
tERA & ° 90 ERAEHRIMELRE (2014)
Em 6 ¢ 233.2 RAE LR (2014)
TRY H A ¢ 200 EAEHRIMEEARE (2014)
[EFIIT=Fa—F M ia - 7.0 M= (logl+2.9)/0.6
HEE—A b M, Nm 7.39E+ 18 logM = 1.17M + 10.72
E—AVFTT=Fa—K M, - 6.5 M, =(logMy-9.1)/1.5
B Wi E R S | km? 392.7 Somerville et al.(1999), §=2.23 X 107° X (M, x 107)2/3
# EREEE w km 20.7 W=S/L
" B Lo H, km s EBEFRRILRS (2010
= e = o WTBE 7L FIRRS ARSI (1 5km)+ 2km &
i BRARE 7 O Wastar | ke b B BHES CEHEE
e WEE TILFIRRE Hy km 17.0 EFEERB(15km)+ 2km & Y 4 B VR TE
BBETILORS odel | km 24 L&Y KELS L+ Skm U FOBIBETILA v &2 91 XDEH
REMBETILOEME Smoder  km? 336 Smoder = Limodet XW oot = S= Sioger
W ERIC KT % FlEE R km 10.3 R=(s/m)""?
EE 0 g/cm? 2.7 RE
SIKIRE B km/s 3.4 R
[l E: u N/m? 3.12E+10 u=p B2
REMBEADFHTAY & D m 0.7 D=My/(u- S)
ERAML AL A Nm/s? 1.03E+19 - ##(2001), A=2.46 X 10" x (M, x 10)/?
IShBETE Ao MPa 2.9 Ao=(7/16)" My/R?
A TARY T4 OREROFMEEE r km 4.4 r=(77m/4) {My/(A+ R)}+ B2
S T AR T4 OEHE S, km? 60.8 S,=nr?
P TARY T4 2EDFEHTAY B D, m 1.4 D,=&- D, £=2.0
2 FRRYF DHEE—A Mg,  Nm 2.67E+18 Mo,= &+ D,* S,
* FARY 71 DEABTE Ao, MPa 16.2 Ao,=(8/8)- Ao
i S, km? 60.8 S,=S,
A SR 0| km 44 n=(s,, /1"
" : IRY & D, m 1.4 D,,=D,
z 1 HEE—A 2k Mgy | Nm 2.67E+18 Moai=S,s
- FAREA L Toat s 1.3 Ta=a* W,,/V, @=0.5
al; wh : .
% g Fifi 2 r, km - -
3 p TARY & D,, m - -
2 HEE—A b Mo, ~ Nm - -
SAREA L T. s - -
. ERELOHMBEE—A b Mg, Nm 4.72E+18 Mg, = Mg =M,
- BRBHOER S, | km? 275.2 S,= -5,
; EREBOTRY & D, m 0.5 D, = Mg,/ (= Sy
5 HEBROGARTE g, | MPa 2.7 0, = (D,/W,)/(Da/Wa)a, (ASPAHSIEDE)
ERBEHDOT A X241 L T s 2.9 T,=a- W,/Vr, =05
z = R E IR EN R Foax Hz 6 #B3E- #h(1997)
2} QfiE - 627 1£/(2016)
e W ARARIE R . km/s 2.4 V=072 B
2% T AR T4 B - - 0.18 S,/S
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7 43.12-3 FRBER AT A—F O FERET L, RNENSETLL ~ T)

L45km L31km L19km
TS5 A— M| A THEME S
THEAE 1 TEENS 2 | FRENS 3 | FREMS 4| FHEME6
TEEMST
MEE—A 2 Nm | 2.32E+19 | 3.09E+19 | 3.97E+19 | 1.92E+19 | 7.39E+ 18
E—AVMIT=ZFa—FK - 6.8 6.9 7.0 6.8 6.5
=Ll WS £ iR S km 2 0 2 2 3
RRRE HBETILES km 45.0 45.0 50.0 36.0 24.0
BB E 7ILIE km 14.3 16.6 16.0 16.0 14.0
WEETILEE km? 645.5 744.8 800.0 576.0 336.0
WEE—A U Nm | 1.04E+19 | 1.53E+19 | 2.38E+19 | 8.44E+18 | 2.67E+ 18
ASP mi& km 2 145.3 184.4 240.2 126.6 60.8
=h IEHETE MPa 15.3 14.9 14.2 15.4 16.2
WEE—A U Nm | 7.71E+18 | 1.13E+19 | 1.76E+19 | 6.23E+18 | 2.67E+ 18
ASP | ASP1 mE km? 96.9 122.9 160.2 84.4 60.8
SAREA L s 1.7 1.7 1.7 1.7 1.3
WEE—2A D Nm | 2.73E+18 | 3.99E+18 | 6.23E+18 | 2.20E+ 18 -
ASP2 [k km? 48.4 61.5 80.1 42.2 -
SA XA L s 1.3 1.3 1.3 1.3 -
WEE—2A D Nm | 1.27E+19 | 1.56E+19 | 1.59E+19 | 1.08E+19 | 4.72E+ 18
Hw [k km? 500.2 560.4 559.8 449 4 275.2
TR IEHETE MPa 3.4 3.0 2.9 2.9 2.7
SARGA L s 3.0 3.4 3.3 3.3 2.9

43124 FERBEFE AT A—X DL
(EARETFNVICKTAKETILOMEET—A L N, TAXY T 4 BEROIEHETEDH)

THEME S

THENS1 | FEDS 2 | FREHNS 3 | FHEMS 4 | THEMESE

TEENS T
EXETIICHTHHEE—AT+ DL 1.0 1.3 1.7 0.8 0.3
EXETIIZHTEHASPOLHBETEDL 1.0 1.0 0.9 1.0 1.1
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432 VFUVABRET VLA MERH I 2L —2 3

432 TFUVAERETNVICIAMERH I 21— g

I T, 431 THEERLZERET LV E, 42 THREES N HEEET LV E2 VT, HiE
Valb—arET ). MEEBFE TR S Y Bk oR L L, w55
BT IIAREE) (NS, EW, LK) oA L+ 2. FHilAIEERWE Z e X 512 KiK-net
® 5 & (KMMHI16, KMMH04, KMMH06, KMMH03, KMMH02) & L7-. x&L LiziF
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432 VFVABFREETNVCIAMEFRH I 2L — 3

#432-1 XSS

Station  Latitude Longitude
Code (°N) (°E)

Network Location

KMMHI16 32.7967 130.8199 KiK-net Mashiki
KMMHO04 329514 131.0199 KiK-net Aso
KMMHO06 32.8114 131.1010 KiK-net Hakusui
KMMHO03 32.9984 130.8301 KiK-net Kikuchi
KMMHO02 33.1220 131.0629 KiK-net Oguni

4.3.2-2



4321 HERMBEZHFRICES N -2 FERET L

432.1 HERMERZLAFERICESWZv T U ABFRET L

® FLwic

43.1.1 CTHIEYEFERICE SOV THEE LZEBRET LV (ERET IV, RENSET
U1, 2, 3) L, 42 THEESNT-#EET VA2 W, 7Y — o BEEgEIC L o #HE
B I l— g %79,

@ MWEHIL— g R

B OMBER S 2 2 L—3 3 VORERIL, EAETL, RENSETLVL 2, 3 &
FNENIX 43.2.1-1a ~ e, [X432.1-2a ~ e, X 432.13a ~ ¢, [X432.14a ~ eI
. KxORE, Eo D HFEBMEER T, i INEE R, Wm0 &R
W, 27 AXY T 0 OGHIEERE, &7 AU T 1 OERIEERTY, 155E
I DA NIRRT, RIS A7 bV (B 5 %) Z2R9. ZEBIEEFIC NS o,
EW 47, 5% (HOR) DRy #a7 . HRELEEINE AT MV ORITIE, Bfaldsk
B O AT bv, SEEIIMERSEOEG R CHEEEORS X (5 fE) & EEMERO
NARD T 2 2t (5 ) Z5BLIZER 251D A7 hL, EEOITAKIEE 25 KD =
XY NVONEERT . FEHBS (HOR) O OH, BAILNS By OHEREH, 71—
X EW RO OHBRBL DO AT M %EFRT. A7 MVKTHE, fHMiTFESHREZ Y —
VBBUEDHTHDH I EEFBE LT, A 1B LI OWTIEBRTRL TN S.

KET VO ART MO EK 432.1-5a, b (TR, EAETLOFEHE AT K
VIZKRIT BARMENSET IV 1, 2, 3 DAL MDA 43.2.1-6 ITRT. 5D
BLEIZONWTIX 4322 CRIMOAENSET VOFEREHDODETERTS.
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MEE S I 2 L—3 g VR

KMMH16_../../calc/L45/case00/CALC/rupRan0/COMP/nofil/

L45 caseOO

EW
157 bs s rfacE‘) 653 ocm/s2 1197 j‘?bs.(SWaceh156.90m/82

~1157 _1157
1157 s.(Borehole)158.6cm/s2 %7 Jobs.(Borehole)242.8cm/s?
0 o 0 e
5, 2
2 2 2
]Syn. 501.8cm/s yn. . 547.1cm/s ]Syn ~ 682.4cm/s
0 ﬁ '|wa 0 L ﬁ W—v
—1157 JALL -1157 LL —1157 JALL
1157 Tsyn. 515.0cm/s2 17 Toyn. 502.3cm/s2 157 Isyn. 750.2cm/s?
0 MW———— 0 0
—1157 JASP _1157 JASP _1157 JASP
157 j‘iyn. 481.2cm/s2 1197 j‘iyn. 425.0cm/s2 1197 j1zyn. 545.6cm/s2
0 0 0
—1157 JASP1 1157 JASP1 _1157 JASP1
1157 Tsyn. 477.3cm/s2 11%7 P 473.7cm/s2 11%7 ]Syn 786.0cm/s?
0 0 » W
21157 Ty, 302.1cmis2 1197 Toyn. 290.1cm/s? 11? Toyn. 373.8cm/s?
A R — 0 |t
S1157 BE—r————— 1157 B 1157 K :
0 5 1015 20 25 30 0 5 1015 20 25 30 0 5 1 15 20 25 30
Qrime(s,) Qrime(s) Qﬂ
1000 g e—t : = 1000 —t ——+ 1000 157
" 21 - P \ : -l
100 4= 100 4 4e® Si = 100 4y \/‘"
Eean SN N ST SN
?\f)\ @" TH @5 Tl 7  ",/\\ '\'/J-J-»‘ 3 ':"M,\\ .‘
\g/ 10 QQ‘ 1 10 QQ;;J/, 10_@‘2;7“’:
e " Ry SAT
1 4L : I 142 I 1 —'% i ]
K K ‘ &\L‘ <
0.1 i — IS 01+ SR — 0.1 ~—rrrh .
0.01 0.1 1 10 001 0.1 1 10 0.01 0.1 1 10
Period(s) Period(s) Period(s)

R

BJ 432.1-1a EARET VOHEEEHMAFE R (KMMHIL6). BAITHFREBIANGEE R, &
GBI E R, v a, R, B, Fi, ERAIXEhEEm e,

BT ARYT 4, TAXYT 41, TAXYT 12, WREKOARIMBEEREEEET. A
FOBMETR KM ERT. i FEITHEREISE A7 MV (B S5 %) ©, BAdimze]
W, HEIIWEEREOA K CHERIEOR S & (S ) L ERHBEOMMED T & L
PE (S 2BE LT 25 WDRAT v, REIXERIETE 25 D A7 b LDIY)
T FEBIEFEIT NS B5r, EW 55y, EHHE (HOR) Oy Z nd. BELEEINE
AT MVORKITES S (HOR) misrdF, BAIXNS oy OEEH, 7L —alXEW
R 5y D FRABIN & £ 7.
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KMMHO04_../. /calc/L45/case00/CALC/rupRan0/COMP/nofil/

o b—3 g URER

L45(case00)
KMMHO04 NS EW
784 TlObs.(SurfacE) 257.3cm/s? T|O s.(Surface) 196.9cm/s?
] " o]
754 —754
754 Pbs.(Borehole)302.1cm/s2  “>* JObs.(Borehole)317.6cm/s2
0 0
754 754
754 Tyn. 585.8cm/s2 /% Jsyn. 534.1cm/s2 °* Joyn. 711.5cm/s?
0 0 0
754 Tsyn. 624.8cm/s? yn. 547.3cm/s2 2% Joyn. 753.60m/s2
0 0 0
_754 JASP _754 JASP _754 JASP
754 jiyn. 624.9cm/s2 24 j1zyn. 547.4cm/s2  °4 fyn. 753.7cm/s2
0 0 0
754 qSyn 58.2cm/s2 754 ]Syn 65.3cm/s2 754 TFyn 80.5cm/s?
Byn. 124.4cm/s? ISyn. 159.0cm/s? ISyn. 156.3cm/s?
o 0 Wity 0 - 0 A
8754 BE— — s e—— s B
0 15 20 25 30 0 10,15, 20 25 30 0 5 10.15 20 25 30
QI' e(s) QI'|me(s) Time(s)
1000 1000 st 1000 ' o
100 4= 100 4= 100 i g
g B %f ‘
S 10 J% 10 10 @,ﬂ,.
5 P S
o —QQF 4 3@ 7
1 —lfgg— 1 1 _Iﬁ@ / f N
S/
38 S
Ky K
0.1 ‘ A 0.1 0.1 4—r .
0.01 0, 10 0.01 01 . 10 0.01 01 . 10
Ig’eriod(s) lg’erlod(s) lg’erlod(s)
e

>R

B 43.2.1-1b  EAET )LVOMEEFHMER R (KMMH04) . BT HZBHRAINEE Y,
IR BAINREE R T, v, R, B, Hf, ERAIXEEEER SR,
BT ARYT 4, TAXYT 41, TAXYT 12, WREKOARIMNBEEREEERT. A
FOBMITRKMEERT. & FEITBRLEREISE A7 ML (BE S5 %) ©, ROz
W, HEIIWEEREOA KR CHEBRIEORE S X (S HE) L ERHBEOMMEDO T & A
P (SHE) 2BELIZAR 25 DAY ML, KEIXERETE 25 D AT ML D)
R, LEDPOIEFICNS sy, EW RSy, FHHEGT (HOR) ORsy A . HELHEINE
AR MVORKITES ST (HOR) By DA, BAIX NS iy ORI, 7 L —tiX EW
5y DO R B A 2R .
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KMMHO06_../../calc/L45/case00/CALC/rupRan0/COMP/nofil/

HEEE >

o b—3 g URER

L45(case00)
KMMHO06 NS
bs.(Surface) 118.0cm/s2 22! JObs.(Surface) 162.5cm/s2
0 0
—231 —231
231 obs.(Borehole) 83.5cm/s2 25! JObs.(Borehole) 70.8cm/s?
0 0
231 231
231 Joyn. 177.2cm/s? 23; yn. 144.6cm/s? 23 ]Syn 225.5cm/s?
0 NPS— W«—
231 ALL 231 ALL 231 jA'—'—
231 Toyn. 188.2cm/s2 2% Joyn. 141.8cm/s2 2% Joyn. 231.0cm/s?
0 0 0
_o31 JASP _o31 JASP —231 JASP
231 jiyn. 188.1cm/s2 23! j1zyn. 141.7cmis2 23 fyn. 230.9cm/s?
0 0 0
281 qSyn 150.0cm/s? 23 ]Syn 39.7cm/s? 23 TFyn » 65.1cm/s?
" - e
(%\_231 ilASPZ —231 JASPZ 581 :IASPZ
€ 21 Toyn. 46.0cm/s2 231 Joyn. 42.2cm/s? Toyn. 57.60m/s2
S 0 0 o 0 e
Sog B pr oy B Ly B
0 5 1015 20 25 30 0 1Q.. 15 20 25 30 0 5 1015 20 25 30
QI'ime(s,) QI'|me(s) Time(s)
1000 ——eeit- 1000 ey ' o
al [ %
AL a 1 : ,' (4,
100 4= % 100 4=+ %
_ = === o= yana
£ B '*'*\\' R %f. : SELN
§ nds PN 10 4SS A T
o S~ /. R
N 4 . N @ 5
1 5 ‘ 1 L
e RS
0.1 ‘ A 0.1 0.1 4— .
0.01 0, 10 0.01 04 . 10 0.01 01 . 10
Ig’eriod(s) lg’erlod(s) lg’erlod(s)
X 4.3.2.1-1c FEARET VOHEBZANLE R (KMMHO06). B iTHREANLEE T, %

I P BINREER T, oo fa, SR, B, Ft, BRARIXTHEEER SR,

BT ARYT 4, TAXYT 41, TAXYT 12, WREKOARIMNBEEREEERT. A
FOBMITRKMEERT. & FEITBRLEREISE A7 ML (BE S5 %) ©, ROz
W, HEIIWEEREOA KR CHEBRIEORE S X (S HE) L ERHBEOMMEDO T & A
P (SHE) 2BELIZAR 25 DAY ML, KEIXERETE 25 D AT ML D)
R, LEDPOIEFICNS sy, EW RSy, FHHEGT (HOR) ORsy A . HELHEINE
AR MVORKITES ST (HOR) By DA, BAIX NS iy ORI, 7 L —tiX EW
5y DO R B A 2R .
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KMMHO02_../../calc/L45/case00/CALC/rupRan0/COMP/nofil/

L45(case00)

KMMHO02 NS EW
661 Pbs.(Surface) 302.7cm/s2 ' 0bs.(Surfage), 660.4cm/s2
0 jb——'*‘“w"“’v——"‘ 0
661 —661

661 Jobs. (Borehole)175.3cm/s? 661 Jobs.(Borehole)182 2cm/s?

0 o 0
661 j 661 j
661 qSyn 73.8cm/s2  ©61 ]Syn 87.6cm/s2 061 ]Syn. 104.9cm/s?
~661 jA'—'— —661 jA'-'— -661 jA'—'—
661 T|Syn 74.0cm/s2 ]Syn 87.0cm/s2 8 ]Syn 107.0cm/s2
661 jiyn. 74.00mis? 61 j1zyn. 87.1cmis2 661 iyn. 107.1cm/s?
0 0 0
661 qSyn 24.8cm/s? 661 ]Syn 32.9cm/s? 661 TFyn 35.9cm/s?
E o1 Byn. 21.1cm/s? Tyn. 37.50m/s2 ISyn. 30.6cm/s?
8 o0 0 0
§—661 K T 1 —-661 K T T T 1 —661 K T T T T T i
5 10 1 20 25 30 35 5 10 20 25 30 35 5 10 1520 25 30 35
% Bridke(sf Tirhe(s)
1000 ettt 1000 -yt et 1000 iy ' .
F i — % T — %
3 T Y SR
100 4= 100 £ [— % 100 d . - %
v - - I [e 1= . ’l ‘I\’ 4 ‘1’ \Q = I !
@ \Q‘Q, :J: 3 f %f‘“ l/‘ J\‘ﬁ"\j\\‘
§1m§' 10 ey @:/éﬁ;Wi%
('j>) r& . d f”\ ES 4 i al it
Q S WAy ‘ S/ ‘ ¥
1454 15/ 1453 ‘
i3 8 _%*
S Nl
0.1 | A 0.1 0.1 ——rrr—
0.01 0, 1 10 0.01 01 . . 1 10 0.01 01 . 1 10
I;’eriod(s) lg’erlod(s) Period(s)

X 4.3.2.1-1d HEARET /L OHMEERRHMOAE R (KMMHO02). B XHZERINEERE, %
IR BAINREE R T, v, R, B, Hf, ERAIXEEEER SR,

BT ARYT 4, TAXYT 41, TAXYT 12, WREKOARIMNBEEREEERT. A
FOBMITRKMEERT. & FEITBRLEREISE A7 ML (BE S5 %) ©, ROz
W, HEIIWEEREOA KR CHEBRIEORE S X (S HE) L ERHBEOMMEDO T & A
P (SHE) 2BELIZAR 25 DAY ML, KEIXERETE 25 D AT ML D)
R, LEDPOIEFICNS sy, EW RSy, FHHEGT (HOR) ORsy A . HELHEINE
AR MVORKITES ST (HOR) By DA, BAIX NS iy ORI, 7 L —tiX EW
5y DO R B A 2R .
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KMMHO03_../. /calc/L45/case00/CALC/rupRan0/COMP/nofil/

L45(case00)
-7 KMMHO3 NS 767 -EW

(Surfacg) 786.6cm/s? s.(Surface) 227.6cm/s?
0 j‘b——-nv\,iﬁ)\pmvwm 0
_787 _787

87 ¥)bs.(Borehole)145.90m/s.2 87 ]Obs.(BorehoIe) 70.2cm/s?

0 s 0
-787 j -787 J
87 Tsyn. 311.5cm/s2 87 Jsyn. 333.9cm/s2 /87 Jsyn. 407.8cm/s?
0 L 0 0
_787 ALL _787 ALL _787 JALL
787 Tsyn. 286.9cm/s2 'S Joyn. 324.6cm/s2 % Joyn. 387.6cm/s2
0 0 0
_7g7 JASP _787 JASP _787 JASP
87 jiyn. 286.9cm/s2 '/ j1zyn. 324.7cm/s2 '8 fyn. 387.5cm/s?
0 0 0
787 ]Syn 60.6cm/s2 "¢’ ]Syn 10450mis2 78 prn 104.4cm/s?
787 jASPz 787 JASP2 787 JASP2
(D —
I= 787 Byn. 64.8cm/s2 8’ TSyn. 62.5cm/s2 S’ ISyn. 74.2cm/s?
S o0 0 0 -
gre7 K — 787 Beer———— e B
5 15 20 25 30 0 1 15 20 25 30 0 5 1015 20 25 30
0 rime(s) Tima(s) Time(s)
1000 et 1000 ——ea 1000 g ' =
100 41 ] ‘% 100 JkflL L L1 % 100 e ,._};“f" %
T R P — R o ./ S
é S | 4’/ NERRIIER & z X ST g/ S
8’ 10 _% ’wl === i = \‘3:1‘\ B 10 z —- ‘ ' =55 10 - 4 = \~\;;—,7
U>) S _” f : ‘ o ES r'/ : B l) - e
N 7 (aatit & S
; QQ// i ; & ‘l, . K ) % ‘/l K
K LS S [
0.1 : A 0.1 ‘ 0.1 4+— .
.01 0. 10 0.01 0 10 0.01 0 . 10
00 Ig’eriod(s) lg’eriod(s) lg’erlod(s)
X 4.3.2.1-le HEAET /LOMBEEBFGER (KMMHO03). RO MFBRERMNEERE, &

IR BAINREE R T, v, R, B, Hf, ERAIXEEEER SR,
BT ARYT 4, TAXYT 41, TAXYT 12, WREKOARIMNBEEREEERT. A
FOBMITRKMEERT. & FEITBRLEREISE A7 ML (BE S5 %) ©, ROz
W, HEIIWEEREOA KR CHEBRIEORE S X (S HE) L ERHBEOMMEDO T & A
P (SHE) 2BELIZAR 25 DAY ML, KEIXERETE 25 D AT ML D)
R, LEDPOIEFICNS sy, EW RSy, FHHEGT (HOR) ORsy A . HELHEINE
AR MVORKITES ST (HOR) By DA, BAIX NS iy ORI, 7 L —tiX EW
5y DO R B A 2R .
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KMMH16_../../calc/L45/case01/CALC/rupRan0/COMP/nofil/

L45(caseO1 )

6 NS EW
2478 Pbs SurfacE‘) 653.0cm/s2 2478 1Obs. (Sprface)1156.9cm/s?
i 0
2478 2478
2478 JPbs.(Borehole)158.6cmis? 2478 ]Obs (Borehole)242 8cm/s?
0

l_l_

_2478 j —2478

2478 E ;‘ . 2451.8cm/s? 248 E i 1617.7cm/s? 247°
0 r
—2478 -2478 -2478

2049.6cm/s?

y
LL E I
2478 15y g2 2478
0
2478 AS

2444.7cm/s2 2478 1637.5cm/ 1956.6cm/s2
2478 _oa78
2478 5y 2477.3cm/s2 2478 j‘iyn 1504.60m/s2 2478 j1zyn 1894.9cm/s2
2478 JASP1 _247g JASP1 _oa7g JASP1
2478 E yn. 549.4cm/s2 2478 E yn. 500.0cm/s2 2478 E 857.9cm/s?
0 )-.
R (12478 SP2 52;8 SP2 _52;3 - SP2
2 2478 142 dcm/s? 8 ] 144.5cm/s2 Isyn. 205.3cm/s?
A 0 0
Soare B o478 B 47 BK :
< 0 5 1Q'I'irr112(s)20 25 30 0 5 1Q_I_in‘]lg(s)20 25 30 0 5 1QI_I 15 20 25 30
1000 4 el 1600 sl 1000
100 4 [PV 100 4 "/:_7 AV 100 i /*
o e FaEmSERiGy £ iE iy A
&Ea 10 5% d 10 45 4 10 4 L
(I>) & = = S/ S
o AT | S &
1482 ~ 1 18 o I
K - S T - ] \9\; ~
0.1 4— — SHE 0.1 + s B 0.1 ——rrtrrren .
0.01 0.1 1 10 0.01 0.1 1 10 0.01 01 . 1 10
Period(s) Period(s) Period(s)

432.1-2a RHENSET /L 1 OHEERHGRE R (KMMH16). B IR @Rn g g
E, ST BLIIIEER R, Yoo a, R, Bf, 6, ERAIREhEEEmE
iR, BT ARV T 4, TAXYT 11, TANXY T 1 2, EREEO A RN E R 2 £
. A EOEWEITRREA R T, i FERITEEUREISE A7 by (B 5%) T, Bl
M, HEAIWEER 2RO S R CHRECFEORL & (S LERMEEOMMEDZ
VHE LM (5 FREE) ABE LA 25 o AT b, FREITA I 25 D AT kv
DIWE)Z RS, LN OIAEIC NS By, BW sy, S5 (HOR) DRy & . LR
FERNE AR MV TEH BN (HOR) pisrDF, Bl NS Bisr OB, 7 L —&
I% EW iy OB 2 F9.
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KMMHO04_../. /calc/L45/case01/CALC/rupRan0/COMP/nofil/

L45(case01)
KMMHO04 NS EW
258 Pbs.(Surf 557.3cm/s2  2°8 Obs.(Surface) 196.9cm/s2
0 0
258 258
258 bs.(Borehole)302.1cm/s2  2°8 JObs.(Borehole)317.6cm/s2
0 0
258 258
258 Toyn. 225 8cm/s2 228 Jsyn. 200.0cm/s?  2°8 Jsyn. 235.0cm/s?
0 0 0
B 28 o 8
yn. 223.9cm/s? yn. 217.6cm/s?  2°8 Jsyn. 234.8cm/s2
0 0 0
258 SP _o5g JASP —o58 JASP
58 jEyn. 202 7cm/s2 2% j1zyn. 218.4cm/s2 298 fyn. 235.7cm/s?
0 0 0
=R 28 o 228
2 2 2
qSyn - 56.0cm/s ]Syn o 61.3cm/s TFyn . 76.7cm/s
mggngspz ggngspz §5§JASP2
£ 2°8 Toyn. 191.60m/s? Teyn. 167.4cmis2 %% Jsyn. 208.0cm/s?
S 0 —‘«wwwi 0 -—'VWMW‘-———— 0 —_‘w%mm——
§—258 K T T T T T 1 258 K T T T T T 1 258 K T T T T T 1
0 5 1015 20 25 30 0 5 10,15 20 25 30 0O 5 10.15 20 25 30
QI'|me(s,) QI'|me(s) Time(s)
1000 e = 1000 1w = ==a= 1000 i i
100 4= g e 100 4L L1 Ll et 100 dil a
I Sl 7 vl CaSiiiimp/aedain I i s
S 10_|§m ) A i 10 ,;QQ‘; === | ‘ i 10 QQ',',
& > R = 5
o K / - | K L i o RS R ¥
T SRR VL= ) R 7 j
S —— B — I
s ; LS ; iRl
0.1 il 0.1 : : 0.1 4— .
0.01 10 0.01 10 001 0 10
Period(s)

0'Ig’eriod(s) 0lg’eriod(s)

B 432.12b FFENSET L 1 OHIE @&ﬁﬁ%(wamﬂ TR T A TN 3R
¥, SEEIIHTPERIEERE, v o6, Rfa, B, 6, ERaEEnTnbiEmE
2R, BT ARV T 4, TAXRYT 41, TAXI T 12, %%ﬁﬁmA&Mﬁf&%%%
T A EOEIEITR KRB AR T, e FRITELREISE A7 by (B3 5%) T, Bl
IR, SEIMEE 2RO AR CHEEHEORL X (S L ERMEROMED 7
VAL (ST ABE LA 25 O AT bL, FREAIXARRIEE 25 o 27 kL
DY HFRS. L OIAFIC NS iy, EW By, EHHT (HOR) DRy &7 . fblis
JEISE AR MVOKITHET ST (HOR) By DA, FalI NS plisr OEFR], 71—
I EW i) O HEREIH A 29,
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KMMHO06_../../calc/L45/case01/CALC/rupRan0/COMP/nofil/

L45(case01)
KMMHO6 NS EW
168 PObs.(Surface) 118.0cm/s2 188 0bs.(Surf 162 5cm/s2
0 0
-168 -168
168 Obs. (Borehole) 83.5cm/s2 68 JObs.(Borehole) 70.8cm/s?
0 0
-168 -168
168 Jsyn. 147.8cm/s2 188 Joyn. 82.1cm/s2 168 Joyn. 162.8cm/s?
0 0 0
B 1B 8
yn. 145.2cm/s? ]Syn 81.6cm/s2 168 ]Syn 164=6ch82
0
_168 JASP _168 _{ASP jO\SP ‘
168 jEyn. 146.6cm/s2 198 jIzyn 82.5cm/s2 fyn 167.1cm/s2
0 0 0
168 SP1 168 SP1 -168 SP1
168 Ioyn. 57.6cm/s2 168 ]Syn 44.2cm/s2 %8 Jsyn. 70.2cm/s?
0 JA A 0
IS Byn. 42.7cm/s? Tyn. 36.6cm/s? ISyn. 54.2cm/s?
T € e 0 by 0 M
§—168 K T T T 1 —168 K T T T T T 1 -168 K T T T T T 1
0 5 15 20 25 30 0 5 1015 20 25 30 0 5 10.15 20 25 30
QI' e(s) QI'|me(s) Time(s)
1000 e = 1000 1w = ==a= 1000 ey e =
O 5 5 PO 0 IO 3 .
R & : SRS : BEiiiien et S e
g ,\QQ’ T TR T -\,, I %f' RN/ /¢ S\i’t,‘%\:
S 10 485U MmN s 10 "‘,\7;/,‘1:47—« 1048 L W SRR, B
> 2% - I N e VNSO - 3 -
1% RS : e B e i)
o \Q@ ' - i - ~\\‘._,' R 4 T 5
1 4@3/‘ i 1 1 %f’ ‘ I
B/ S
Ky ‘ ; ||
0.1 St 0.1 0.1 4— .
0.01 01 . 1 10 0.01 01 . 1 10 0.01 01 . 1 10
Ig’erlod(s) lg’erlod(s) lg’erlod(s)

B 432.12c ANHENSET NV 1 OHEEERHMERR (KMMHO06) . B ZHIBLHRINE
¥, SEEIIHTPEREERE, v o6, fa, Bf, 6, ERaEEnTnbiEm
2R, BT AXVT 4, TAXRYT 41, TAXY T 1 2, HHEEKO G RINEE Y % 3%
. A Lo IR RMEERT. & FEITHFEHEISE A7 bV (B 5%) T, B
HIREN, EHEIWERSEOA R CHEEHEOR L X () L ERMEROMMED 7
VAL (ST ABE LA 25 o AT ML, ZREAITA B 25 D AT kv
DR HFRS. L DIAFIC NS iy, EW By, EHHST (HOR) DRy &7 . flis
JEISE AR MVOKITHET ST (HOR) By DA, FalI NS plisy OEER], 71—
I EW 4y OB A 9.
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KMMHO03_../. /calc/L45/case01/CALC/rupRan0/COMP/nofil/

X 432.1-2d FEHENSETIL 1 OHMEBFAGLESE (KMMHO03).
TE, SR TP LN I,
IR, BT ARV T 4, TAXRIT ¢ 1,

v th, IR, B,
TANRY T 12,

L45(case01)
KMMHO03 NS EW
787 (Surfacg) 786.6cm/s2 'S JObs.(Surface) 227.6cm/s?
0 j‘b——env\,i{%mvwm 0
_787 _787
87 ¥)bs.(Borehole)145.90m/s.2 87 ]Obs.(BorehoIe) 70.2cm/s?
0 v 0
_787 j _787 j
787 Toyn. 240.7cm/s2 "8 Jsyn. 292 8cm/s2 '8 Tsyn. 324.8cm/s?
0 0 0
—787 ALL —787 ALL —7g7 JALL
787 ]Syn 248.1cm/is2 '8 ]Syn 283.1cm/s? '8 Jsyn. 322.1cm/s2
e TPV 0
;8; iASP _787 _{ASP _787 JASP
8 jiyn. 249 3cm/s2 %7 j1zyn. 277.0cm/s2 &7 fyn. 325.8cm/s?
0 0 0
787 qSyn 68.8cm/s2 787 ]Syn 104.5cm/s? 787 TFyn 109.4cm/s?
E Byn. 72.0cm/s? Tyn. 87.0cm/s? 787 ISyn. 78.4cm/s?
S 0 0
gre7 K — 787 B ——————— e B
0 5 15 20 25 30 0 5 10.15 20 25 30 0 5 10.15 20 25 30
rime(s) Tima(s) Time(s)
1000 - ; couut 1000 ——tii- 1000 ' o
e —% | B
100 d N % 100 4Bl L % 100 g B 1} N %
g GiAEa Rl W e B S A
5 )/ LN S‘@ LU TN DT SN
% HERSaE S Bk S
- " sf/ ﬁ?/ 1
‘ 1 S A ’ 1 @"“/, - 5
i3 e ‘
K il
0.1 A 0.1 : 0.1 4—r .
0.01 0, 1 10 0.01 0 1 10 0.01 0 1 10
Ig’eriod(s) lg’eriod(s) lg’eriod(s)

SR T B A

He, #ARGIIThETNWER
T SR BRI D B BN BE W & 5

T A LOBMHITHRRMEE £ Y. K& TBITEBEDEEZISEARY ML (IR 5%) T, Bl

HhZABLA,

WA IWEEEEOGR CHIRIEFEOR L & (5 1) & HEEME
(TE BB 25 DAY F L

YHE LM (SR BB LICAE 25 DAY by, K

DY KT, EBIEFZIZNS sy, EW &5y, &
BEISE AR ML TE IS (HOR) Ry DA, BT NS 54y O i),

X EW Ay OISR B 2 39,

4.3.2.1-10

2R DNLARD Z

S (HOR) DRy 3. HEElis

7 Lr—f



HEHS I 2 L— g UEER

KMMHO02_../. /calc/L45/case01/CALC/rupRan0/COMP/nofil/

L45(case01)

KMMHO02 NS EW
661 Pbs.(Surface) 302.7cm/s2 ' 0bs.(Surfage), 660.4cm/s2
0 jb——'*‘“w"“’v——"‘ 0
661 —661

661 Jobs. (Borehole)175.3cm/s? 661 Jobs.(Borehole)182 2cm/s?

0 - 0
-661 j -661 J
661 ]Syn 64.6cm/s2 %1 }Syn 70.7cm/s2  %®1 ]Syn 87.5cm/s?
TISyn 63.7cm/s? ]Syn 70.7cm/s? 661 ]Syn 88.4cm/s2
66 iyn. 63.3cm/s? 661 jlzyn. 69.9cm/s? 661 fyn. 88.1cm/s2
0 0 0
661 qSyn 21.8cm/s2 661 ]Syn 29.9cm/s? 661 TFyn 31.9cm/s?
E e Syn. 35.2cm/s? 661 Teyn. 44.6¢cm/s? 66 Teyn. 47.4cm/s?
S o 0 0
§—661 K T 1 —-661 K T T T 1 —661 K T T T T T i
5 10 1 20 25 30 35 5 10 20 25 30 35 5 10 1520 25 30 35
% Bridke(sf Tirhe(s)
1000 ettt 1000 ettt et 1000 ez e
S it ) : SE. S o a1 e )
57 i i 7 i ol O i
/(.\D\ \QQ' : e { %f‘ ’l‘ \ ,’\ N
E, 10 —g' == 10 e NG S = "//{\ **\\;i;:f
Q B S S/ “\ |
1484 )| I Ao [ s
B >/
% il
0.1 +—+ | 4 01 4— 0.1 4——n .
0.01 01 . 1 10 0.01 01 . . 1 10 0.01 01 . . 1 10
I;’erlod(s) lg’erlod(s) Period(s)

B 43.2.1-2¢ AENSET IV 1 OMEEFHBAE R (KMMHO02). S 3281005
¥, SEEIIHTPEREERE, v o6, fa, Bf, 6, ERaEEnTnbiEm
2R, BT AXVT 4, TAXRYT 41, TAXY T 1 2, HHEEKO G RINEE Y % 3%
. A Lo IR RMEERT. & FEITHFEHEISE A7 bV (B 5%) T, B
HIREN, EHEIWERSEOA R CHEEHEOR L X () L ERMEROMMED 7
VAL (ST ABE LA 25 o AT ML, ZREAITA B 25 D AT kv
DR HFRS. L DIAFIC NS iy, EW By, EHHST (HOR) DRy &7 . flis
JEISE AR MVOKITHET ST (HOR) By DA, FalT NS plisy O EER], 71—
I EW 4y OB A 9.

4.3.2.1-11
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KMMH16_../../calc/L45/case02/CALC/rupRan0/COMP/nofil/

L45 caseOZ

EW
157 bs s rfacE‘) 653 ocm/s2 1197 j‘?bs.(SWaceh156.90m/82

~1157 ~1157
157 ]Obs Borehole )158.6cm/s2 197 ]Obs.(BorehoIe)242.80m/32
0 0 oy
-1157j ~115 j
1157 15y, 806.5cm/s2 11° ]Syn ~ 665.4cm/s? %7 Joyn. 854.1cm/s?
0 pe ﬂmh**“*w‘
—1157 JALL —1157 j“\'—'— —1157 JALL
1157 Tsyn. 708.3cm/s2 17 ]Syn - 859.3cm/s? 1% Joyn. 784.2cm/s?
0 Wm 0
_1157 JASP _ _{ASP 1157 JASP
1157 j‘iyn. 702.9cm/s? j‘iyn. 651.3cm/s2 1197 j1zyn. 799.2cm/s?
0 0 0
—1157 JASP1 —1157 JASP1 _1157 JASP1
1157 15yn. 436.5cm/s2 1157 Toyn. 400.5cm/s2 1157 Jsyn. 722.1cm/s?
0 0 0
T o 1 o
€ 1% Toyn. 291.5cm/s2 %7 Tsyn. 349.6cm/s2 %7 Jsyn. 412.3cm/s?
S 0 r— 0 r—— ] W
S1157 BE—r————— 1157 B 1157 K :
0 5 1015 20 25 30 0 5 1015 20 25 30 0 5 1 15 20 25 30
Qrime(s,) Qrime(s) Qﬂ
1000 qeimikbtttb—tie st 1000 — —ttd- 1000 -
100 J—e& 100 4ol
e R J & ',"
\g/ 10 QQQ . 7 10 4 @Qé:\lfg,’/;,
Y —7 -/ —i7//
2 7 &
o K S ik
1 5 1
N ] Kdi
0.1 i — - 01+ SR — 0.1 ——rrrhr—— .
0.01 0.1 1 10 001 0.1 1 10 0.01 0.1 1 10
Period(s) Period(s) Period(s)

432.1-3a RHENSET V2 OHEERHERE R (KMMH16). B IR asiRin e g
E, ST BLIIIEER R, Yoo a, R, Bf, 6, ERAIREhEEEmE
iR, BT ARV T 4, TAXYT 11, TANXY T 1 2, EREEO A RN E R 2 £
. A EOEWEITRREA R T, i FERITEEUREISE A7 by (B 5%) T, Bl
M, HEAIWEER 2RO S R CHRECFEORL & (S LERMEEOMMEDZ
VHE LM (5 FREE) ABE LA 25 o AT b, FREITA I 25 D AT kv
DIWE)Z RS, LN OIAEIC NS By, BW sy, S5 (HOR) DRy & . LR
FERNE AR MV TEH BN (HOR) pisrDF, Bl NS Bisr OB, 7 L —&
I% EW iy OB 2 F9.
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HEE S I 2 L— g UHER

X 43.2.1-3b RHENSEF L 2 OHETFHLEE (KMMHO4) .
TE, SR TP LN I,
IR, BT ARV T 4, TAXRIT ¢ 1,

v th, IR, B,
TANRY T 12,

H, HAAG
T SR BRI D B BN BE W & 5

L45(case02)
KMMHO04 NS EW
488 (Surfacg) 257.3cm/s2  *® JObs.(Surface) 196.9cm/s2
0 Miw 0
_488 _488
“88 1bs.(Borehole)302.1cm/s2  *88 J0bs.(Borehole)317.6cm/s?
0 0
488 488
488 Toyn. 385.1cm/s2 488 Jsyn. 351.1cm/s? &8 Joyn. 479.5cm/s?
0 0 0
48 4 4
yn. 381.7cm/s? yn. 381.5cm/s? 88 Jsyn. 487.6cm/s2
0 0 0
~488 SP _4gg JASP _48g JASP
88 jiyn. 381.7cm/s2 488 j1zyn. 381.3cm/s2 88 fyn. 487.6cm/s?
0 0 0
_agg JASP1 _agg JASP1 _agg JASP1
488 qSyn 48.4cm/s2 488 ]Syn 57.3cm/s2 488 TFY“ 67.1cm/s?
g Byn. ! 208.7cm/s? ISyn. 148.3cm/s? Syn. 254.1cm/s?
S o Wiy 0 0 -
§—488 K T T T 1 —488 K T T T T T 1 —488 K T T T T T 1
0 5 15 20 25 30 0 5 1015 20 25 30 0 5 1015 20 25 30
QI' e(s) QI'|me(s) Time(s)
1000 - 1000 1000 — =
A o s
100 =4 100 4= 100 d /‘;%‘ [
. Wi 5 %f‘ ; :IA; o
('\é) \QQ, 5QQ . .
S o 10 1058
g A/ P/
rol | S/ >
Sy S
1 AL 1 1 %!E / ‘
RS LS
Ky il
0.1 ‘ A 0.1 0.1 4—r .
0.01 01 . 1 10 0.01 01 . 1 10 0.01 01 . 1 10
Ig’erlod(s) lg’erlod(s) lg’erlod(s)

SR T B A
XA

T A LOBMHITHRRMEE £ Y. K& TBITEBEDEEZISEARY ML (IR 5%) T, Bl

HhZABLA,

WA IWEEEEOGR CHIRIEFEOR L & (5 1) & HEEME

YHE LM (SR BB LICAE 25 DAY by, K

DY KT, EBIEFZIZNS sy, EW &5y, &
BEISE AR ML TE IS (HOR) Ry DA, BT NS 54y O i),

X EW Ay OISR B 2 39,

4.3.2.1-13
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MEE S I 2 L—3 g VR

KMMHO06_../../calc/L45/case02/CALC/rupRan0/COMP/nofil/

L45(case02)
KMMHO6 NS EW
167 Pbs.(Surface) 118.0cm/s2 187 JObs.(Surf 162 5cm/s?
0 0
—167 —167
167 Pobs.(Borehole) 83.5cm/s2 67 JObs.(Borehole) 70.8cm/s2
0 0
167 _167
167 Joyn. 155.5cm/s2 187 Joyn. 121.1cm/s2 %7 Jeyn. 166.6cm/s2
0 0 0
—167 ALL —167 ALL —167 JALL
167 Tsyn. 151.4cm/s2 %7 Joyn. 102.2cm/s2 %7 Jsyn. 147.1cm/s?
0 0 0
167 SP 167 JASP 167 JASP
6 jEyn. 151.3cm/s2 17 j1zyn. 102.2cm/s2 187 fyn. 147.0cm/s2
0 0 0
167 Toyn. 53.1cm/s2 '®7 Joyn. 39.8cm/s2  ®7 Jsyn. 69.0cm/s?
0 0 0
T & 15
IS Byn. 41.9cm/s? ISyn. 48.6cm/s? JSyn. 63.7cm/s?
S 0 0 i 0 ——hhprnmi
ge7 K — -167 B—————— e B
0 5 15 20 25 30 0 5 1015 20 25 30 0 5 1015 20 25 30
rime(s) Tima(s) Time(s)
1000 e = 1000 1w = ==a= 1000 eyer i =
100 4= g I % 100 4—ue® = % 100 g %
& 3 {EaY ¢ MR s ATt PSR e
f= \@' i ‘\b \@ S \'AT’ <l "\Q@ : o |
S 10 J% _ 10 45 N RN ST SEi! :
» [ : £ = - S
o i /r/‘ 4 K o // SHAS R
N )i h S 5 » . K
1 O 1/ o 1 S :/ 1 _
s/ [ = Bz
;‘% K . 5& ~ : I .
0.1 il 0.1 : : 0.1 4— .
0.01 01 . 10 0.01 01 . 10 001 01 . 10
Ig’erlod(s) lg’erlod(s) lg’erlod(s)

432.1-3¢c ANHENSET IV 2 OHEEBRHERT R (KMMHO06) . B ZHIBLRNINE B
¥, SEEIIHTPEREERE, v o6, fa, Bf, 6, ERaEEnTnbiEm
2R, BT AXVT 4, TAXRYT 41, TAXY T 1 2, HHEEKO G RINEE Y % 3%
T A EOEEITR KB AR T, e FRITEHLREISE A7 by (B3 5%) T, Bl
HIREN, EHEIWERSEOA R CHEEHEOR L X () L ERMEROMMED 7
VAL (ST ABE LA 25 o AT ML, ZREAITA B 25 D AT kv
DR HFRS. L DIAFIC NS iy, EW By, EHHST (HOR) DRy &7 . flis
JEISE AR MVOKITHET ST (HOR) By DA, FalI NS plisy OEER], 71—
I EW 4y OB A 9.
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KMMHO03_../. /calc/L45/case02/CALC/rupRan0/COMP/nofil/

HEHS I 2 L— g UEER

L45(case02)
KMMHO3 NS EW
787 (Surface) 786.6cm/s2 ‘7 JObs.(Surface) 227.6cm/s2
0 %’W\W 0
_787 _787
787 Jobs.(Borehole)145.9cm/s? 87 Jobs.(Borehole) 70.2cmis?
0 y 0
787 1 787 1
787 Toyn. 258 1cm/s2 'S syn. 274.8cm/s2 '8 Toyn. 316.7cm/s?
0 0 0
_7g7 JALL _787 JALL —787 JALL
787 Tsyn. 243.5cm/s2 '8 Joyn. 270.2cm/s2 %7 Joyn. 300.1cm/s?
0 0 0
787 SP _787 JASP _7g7 JASP
8 jiyn. 243 5cm/s2 187 j1zyn. 270.2cm/s2 &7 fyn. 300.1cm/s?
0 0 0
787 qSyn 87.7cm/s? 787 ]Syn 120.2cm/s? 787 TFyn 139.1cm/s?
E Syn. 81.5cm/s? Teyn. 69.3cm/s? Teyn. 87.9cm/s?
S 0 0 0
gre7 K — 787 B ——————— e B
0 5 15 20 25 30 0 10,15, 20 25 30 0 5 1015 20 25 30
QI' e(s) QI'|me(s) Time(s)
1000 s 1000 st 1000 iy —
1004 & N % 100 e s % 100 - ',.}} = %
i - .? j y X - vc‘r» ::7" 111—- B | S 5 7j b /,j : ‘
s e KN e Ao B XS
= o T T 1 s i NI s T r %
S 4 LN oS AT O (AL ARG SN
S 0fEg e 08 ==t 1= =
o R = Sy T cgy/
] & ! . . h ; & ‘l . N ] _&@ ‘/ . K
NS === EEEL sE — ~ ?;?;, -
S K il
0.1 ‘ A 0.1 0.1 4—r .
0.01 10 0.01 10 0.01 0 1 10
Period(s)

0'Ig’eriod(s)1 0lg’eriod(s)1

X 4.32.1-3d RHENSET L 2 OHMEBFTMAEE (KMMHO03).
¥, SEEIIHTPERIEERE, v o6, Rfa, B, 6, ERaEEnTnbiEmE
2R, BT AXVT 4, TAXRYT 41, TANXY T 4 2, HHEEKO G RINEE R % 3%
. A EOEIEIIRERMEE R T, & FEITHREHEISE A7 bV (B 5%) T, Bk
IR, SEIMEE 2RO AR CHEEHEORL X (S L ERMEROMED 7
VAL (ST ABE LA 25 O AT bL, FREAIXARRIEE 25 o 27 kL
DY HFRS. L OIAFIC NS iy, EW By, EHHT (HOR) DRy &7 . fblis
JEISE AR MVOKITHET ST (HOR) By DA, FalI NS plisr OEFR], 71—
I EW i) O HEREIH A 29,

SR T B A

43.2.1-15



HEE S I 2 L— g UHER

KMMHO02_../. /calc/L45/case02/CALC/rupRan0/COMP/nofil/

L45(case02)

KMMHO02 NS EW
661 Pbs.(Surface) 302.7cm/s2 ' 0bs.(Surfage), 660.4cm/s2
0 jb——'*‘“w"“’v——"‘ 0
-661 -661

661 Jobs. (Borehole)175.3cm/s? 661 Jobs.(Borehole)182 2cm/s?

0 s 0
661 j 661 J
661 qSyn 76.7cm/s2 561 ]Syn 94.3cm/s2 61 1Syn 112.5cm/s?
T|Syn 75.7cm/s? ]Syn - 92.1cm/s? 661 ]Syn h 113.4cm/s?
66 jiyn. 75.7cm/is? 661 j1zyn. 92.1cm/s2 65" iyn. 113.4cm/s2
0 0 0
661 qSyn 22.6cm/s? 661 ]Syn 29.9cm/s? 661 TFyn 32.7cm/s?
2 e Toyn. 24.60m/s? °01 Joyn. 29.60m/s? ' oyn. 32.8cm/s?
S 0 0 0
§—661 K T 1 —-661 K T T T 1 —661 K T T T T T i
5 10 1 20 25 30 35 5 10 20 25 30 35 5 10 1520 25 30 35
% Bridke(sf Tirhe(s)
1000 ettt == 1000 1= S ====: 1000 e
oo gl UL LB 10 L B AR 11 A
o = e S — et AN o F S Eati
@ Rl AN gz:"" ; %f A
§ 10 % L LU 10 455 N o LA N -
> S T e -
(8_ qi:,b_ ﬁ}/ . Hi qi: qﬁ; ¥ ‘ -+
N ik ‘ i S/ ‘ ;
] ﬁ@:‘f Y ;e ] %é ;
;&\ i K | - @' ol
0.1 “ A 0.1 : : 0.1 ——Frrh——rr
0.01 0, 1 10 0.01 0 1 10 0.01 041 1 10
I;’eriod(s) lg’eriod(s) Period(s)

432.1-3¢ ANHENSET IV 2 OHEEBRHER R (KMMHO02). B ZHBLRIN® B
¥, SEEIIHTPEREERE, v o6, fa, Bf, 6, ERaEEnTnbiEm
2R, BT AXVT 4, TAXRYT 41, TAXY T 1 2, HHEEKO G RINEE Y % 3%
. A Lo IR RMEERT. & FEITHFEHEISE A7 bV (B 5%) T, B
HIREN, EHEIWERSEOA R CHEEHEOR L X () L ERMEROMMED 7
VAL (ST ABE LA 25 o AT ML, ZREAITA B 25 D AT kv
DR HFRS. L DIAFIC NS iy, EW By, EHHST (HOR) DRy &7 . flis
JEISE AR MVOKITHET ST (HOR) By DA, FalT NS plisy O EER], 71—
I EW 4y OB A 9.

4.3.2.1-16



MEE S I 2 L—3 g VR

KMMH16_../../calc/L45/case03/CALC/rupRan0/COMP/nofil/

L45 caseOS

EW
157 bs s rfacE‘) 653 ocm/s2 1197 j‘?bs.(SWaceh156.90m/82

~1157 _1157
1157 Borehole )158.6cm/s2 197 Jobs.(Borehole)242.8cm/s?
0 0
~1157 j —1157 1
1157 Tsyn. 604.1cm/s? 117 Joyn 649.6cm/s2 117 Isyn. 807.0cm/s2
0 0 jo\ Wm 0
—1157 -1157 LL —1157
157 571.2cm/s2 11° 540.1cm/s2 1197 840.4cm/s?
0 0 W HW—?
—1157 JASP _1157 JASP _1157 JASP
1157 j‘i 545.0cm/s2 1197 j‘i 518.3cm/s2 1197 jlz 625.1cm/s2
0 0 0
—1157 JASP1 —1157 JASP1 _1157 JASP1
157 P 408.9cm/s2 1157 Toyn. 426.3cm/s2 1%/ ]Syn 698.4cm/s?
0 A A 0 Ao JA Mwﬁ-?
2157 1y, 258.50m/s2 11%7 Toyn. 357 oemys? 1P Toyn. 414.5cm/s2
S 0 " 0 — 0 -
S1157 BE—r————— 1157 B 1157 K :
0 5 1015 20 25 30 0 5 1015 20 25 30 0 5 1 15 20 25 30
Qrime(s,) Qrlme(s) Qﬂ
1000 ittt 1000 - bt 1000 iy -
N P \ : . h am
100 100 e s =z 100 4—2 / A
& V- Nt (o T 1," AN
?\n\ N - ‘\"/‘”\\ EQT l LTS
£ S S A ) S A
S 10 10 L 10 =
> ‘ :t': 7/ =
D Z, /i :
[o} S K :
o K S ik
1 1 5 1 '
: B
S | \9\; S
0.1 i — IS 01+ SR — 0.1 ——rrrhr—— .
0.01 01 1 10 001 01 1 10 0.01 01 . . 1 10
Period(s) Period(s) Period(s)

432.1-4a RHENSET V3 OHEERHGRE R (KMMH16). B IR RN g
E, ST BLIIIEER R, Yoo a, R, Bf, 6, ERAIREhEEEmE
R, BT ARV T 4, TAXYT 41, TANXY T 4 2, EREEO A RN E R 2 £
. A EOEWEITRREA R T, i FERITEUREISE A7 by (B 5%) T, Bl
M, HEAIWER 2RO S R CHRECFEORL & () L ERMEROMMEDZ
VHE LM (5 FEEE) ABE LA 25 o AT ML, FREITARBE 25 D AT kv
DIWE)Z RS, ENBIAEIC NS By, BEW sy, S5 (HOR) DRy Z . LR
FERNE AR MO TEI B (HOR) pisrdDF, BAIE NS iisr OB, 7 L —;
I% EW iy OB 2 F7.
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HEEE >

KMMHO04_../. /calc/L45/case03/CALC/rupRan0/COMP/nofil/

o b—3 g URER

L45(case03)
KMMHO0O4 NS EW
498 (Surfacg) 257.3cm/s2 %% JObs.(Surface) 196.9cm/s2
0 jb——«fziw 0
—498 _498
498 Obs.(Borehole)302.1cm/s2 %8 JObs.(Borehole)317.6cm/s?
0 0
—498 -498
498 Toyn. 450.1cm/s2 498 Joyn. 325.8cm/s2 %8 Joyn. 470.9cm/s?
0 0 0
-498 LL —28% LL —298 LL
498 Tsyn. 413.8cm/s? yn. 312.6cm/s2 %8 Joyn. 495.6cm/s?
0 0 0
_498 JASP _498 JASP _498 JASP
498 jEyn. 413.9cm/s2 4% j1zyn. 315.8cm/s2 %8 fyn. 497 .6cm/s?
0 0 0
_agg JASP1 _agg JASP1 _49g JASP1
498 qSyn 53.5cm/s2 498 ]Syn 53.7cm/s2 498 TFY“ 64.0cm/s?
IS Byn. 130.4cm/s? TSyn. 114.2cm/s? ISyn. 148.6cm/s?
S 0 s 0 A 0 vy
8498 By s B g B
0 5 10,15 20 25 30 0 5 10,15 20 25 30 0 5 10.15 20 25 30
QI'ime(s,) QI'|me(s) Time(s)
1000 1000 Lt 1000 - m
100 4 ;% 100
: ; i
S 10 48 | 10
> )
B ;
2 |
1 % )| R
K38
0.1 il 0.1 : : 0.1 .
0.01 10 0.01 10 001 01 . 10
lg’erlod(s)

0'Ig’eriod(s) 0lg’eriod(s)

(] 43.2.1-4b RRENSET /L 3 OHUEERHIAE R (KMMHO04) .  F a3 ZBLHIN 5% e
¥, SEEIIHTPEREERE, v o6, fa, Bf, 6, ERaEEnTnbiEm
2R, BT AXVT 4, TAXRYT 41, TANXY T ¢ 2, HHEEKO G RINEE R % 3%
T A EOEEITR RME AR T e FRITEHLREISE A7 by (B3 5%) T, Bl
HIREN], EHEIWERSEOA R CHEEHEOR L X () L ERMEROMMED 7
VAL (ST ABE LA 25 o AT ML, ZSEAITA B 25 D AT kv
DY HFRS. L DIAFIC NS iy, EW By, EHHUT (HOR) DRy Z 7. fLlis
JEISE AR MVOKITHET ST (HOR) By DA, FalI NS plisr O EFR], 71—
I EW 4y O HEREIH A 9.
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HEEE >

2 b—3 g U

L45(case03)
KMMHO6 NS EW
184 Pbs.(Surface) 118.0cm/s2 84 0bs.(Surfag 5cm/s2
0 0
—184 —184
184 Obs.(Borehole) 83.5cm/s2  '8* JObs.(Borehole) 70.8cm/s?
0 0
_184 _184
184 Toyn. 150.3cm/s2 & Jsyn. 144.3cm/s2 18 Jsyn. 177.5cm/s2
0 0 0
—184 JALL —184 JALL —184 JALL
184 Tsyn. 139.2cm/s2 18 Joyn. 147.8cmis? 18 Joyn. 183.5cm/s2
0 0 0
184 SP _184 JASP 184 JASP
8 jt;yn 144.7cm/s2 184 j1zyn. 138.3cm/s2 184 fyn. 163.8cm/s2
0 0 0
184 Toyn. 47 .2cm/s? 184 ]Syn 34.1cm/s2 8% Jsyn. 61.5cm/s?
0 et i v 0
wn — —
I= 184 Syn. 38.0cm/s? 184 Syn. 32.7cm/s2 184 Syn. 41.4cm/s?
S 0 AN wANAM 0 ——
S-184 BET— — 184 B i B
0 5 15 20 25 30 0 10 15, 20 25 30 0O 5 10.15 20 25 30
rime(s) Tima(s) Time(s)
1000 —eiminsb—is st 1000 ——c 1000 ~erpyprs '
100 4= g % 100 4—ue® = % 100 4
ar - AN N S L S
@ N gl A Vil 7‘4\%&1 ? : JTY ‘i‘\! ,kL; %@f‘ ]
S T ERR Y o SR ST
EJ, 10 % _ Al +— T‘ 10 485 L W/ {\Lf}_f— 10 488
@ > = > - : >
Q. L - \y : / \Q\'/
AR : Sy : S
1 QO | 1 ng ' 1 ’
174 & I 7
¥ i SAEEEl ST
0.1 b ——rr—- 4 0.1 : 0.1 4— .
0.01 0 10 0.01 0 10 001 0 10
Ig’eriod(s) lg’eriod(s) lg’eriod(s)
B 432.1-4c ANFENSET /L 3 OHUEEBRFHERE SR (KMMHO06) . S T uaREII0 R
B, LT ERIEERE, o7, RE, B, F6, EAaRE TN ER

2R, BT AXVT 4, TARYT 41, TANXY T ¢ 2, EHEEIKO G RINEE R % 3=
. A EOBEITR RME AR T, e FRITEHLREISE A7 by (B3 5%) T, Bl
HIREN], EHEAIWERSEOA R CHEEHEOR L X () L ERMEROMED Z
VAL (STEEH) ABE LA 25 o AT ML, ZREAITA B 25 D AT kv
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4322 MWFERHEWNEERICEKSWZUF ) AERET L

® FLwic

43.1.2 THIERMEBEHERICESDTHEE LZRIET LV (RiENSET V4, 5, 6, 7)
&, 42 TREESNICHRET VA HWT, HEHZ U — U BBAEIC LV B o I = L —
TarEITY. EDIT, 43.1.1 THEE L - MisRYELEHERICE S BRET LV (AT
T, RENSETI/VL, 2, 3) ISRVl S BRI 2 b—3 9 VR (43212
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@ HEHI2L—a R

FRHmS OB Y S 2 L— 3 VEERIE, REENSTTL 4, 5, 6, T =TT hX
4322-1a ~ e, [X143.22-2a ~ e, [X143.2.23a ~ ¢, X4322-4a ~ elIR"T. K& DK
DRIFF 4321 TRLEKEFRLUTHD. BRETVEAHNIET V4, 5 DOFHARY
MO Z [ 43.2.2-5a, b IZRL, ERETVOPLEARY FMUVITKT DA NS ET
4, SO ARY MLV EK 43.2.2-6 [ZRT. 0B, TILHOET VOMELEITIL
WhHRTHETHS.
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4322-8 IZHAREFTNVDOFIIANRY MZKH T ARHENSET L1 ~ 5 DFH ALY F L
DERT. TNHDOETNVDE—AY M~ T =Fa2a—RFT65015 70T, WLy K&
T ARY T 4 (T AN T 40N 1 HORMENESET IV S IEEDT AT T 1) OWIER
TR FmcH@ETH D, X 4322-8 LV, HEBBENEDRKEWAENSET LI O
AR MV LU EDOFHlR T H EICHR K TIE R, EARET V&R UHERB O A~
MEET IV 1 DAY L LUV NEEFEICRKRE VRS (KMMHL6) 2365, 2T, A
X7 MV LSV DOFNERD, EDEIRANT A —Z TR T 6N D0 EH|~<5. 22T
R ETDHEMET 0.1 WL TOEFEIE L, F BT 5EE T A — X ILEME %25
BLT, WESEOMEET— AL MED 1/3 F, 7XA)74@mﬁMT$,7XAJ74
FCORMEIHEE Lz, R 4322-1 IZHETNADOINLDO/NRT A—HERL, RPIZIX
NWOHDINT A= DIERET VKT DA RT. 7T AN T ¢ £ TOREERICOWT
X, FEREAEEBEIC LG (1) CHREEEGRET 2 Z L bk oM (RPo®@) %
AT RP O TEICIE, WESKROMEE—A 2 oo 173 F (RH0Q), 7ARY
T4 DIENIFETEOL (RFDO), TARY T 4 F TOREHBEO OV DK 2 25
ZHbD (RFDOQX@OX@D) %7,

X 43.2.2-9a ICWBEIEDOHET— AL FOEO 1/3 8 (£ 43.22-1 D@) & 0.1 LT
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R T 4 FTCOREEBOLOWEH (£ 4.3.22-1 DD) & 0.1 DLLTF DAL MO
DIFHIE & DBIE, [M43.2.2-9d 125F 43.2.2-1 DOX@X@ L 0.1 LT DY 2~ kL
DHOSEIE & DORERE R T

(43229 £V, RENIET N1 EHERETVOMBEET—A L MNED 1/3 FIZF T T
DN, FHENSET N 1 O 0.1 BLULTOFEART FL O IEFIT R E Wkl A
(KMMH16) WNHERTE 5. —J), BAETLVOMEBE—A L LD HEREWVAHENSE
FIL2R3 T, 0.1 UL FDOFEE AT FLONBEZEIC R E WM AT 2. Zhik, R
M SET /L 1L KMMHIL6 B RICT AR 7 4 ZRELIZET L THDLI LD, 0.1 7
LUF O AAL T SV OR/NBER & FASATHT 2 5 81E, BT —A MRV 7 ARY
T 4 FCORMFRENRE NI ERRBEIND.

X14.3229 X0, FOETNLTHLTARY T 4 OIS FEIZERAET LV ERBEETH
DI, RN SET IV TEEART MVOERIEFIZRKE < 72> T 5l (KMMH16)
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¥ 4.3.229c £V, TANXYT ¢ £ TOREHEHOLOHEE 0.1 FLUF O AR |k
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FRETHDL. ZOMEERMENSETVS, 6 DTNV (X43.12-5b°c) 25 LEAD
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X 43.2.2-12a, b IZRHENSZET IV 6 & 7T DALY MLOIEE, X 4.3.2.2-13 (S
MEET I 6 DFHJANRT MU T D AMENSET NV T ORI AT MDA RT.
WETNVDEWIT AR T 4 LEOHKET, FENIETIV 6 OT AU T ¢ [ IWEm
DHFJNNIE L TWDEN, RENSETIV T OT ARY T 4 (L& IXWE R OEH T
KMMHI16 Ot 25, TOFER, THENSETT VT TT AN T 0 £ TOREHREENE
< o -3 HlA (KMMHL6) DAY ML LT REL 2o TWnA. [X4.3.2.2-14 IR HE
MIETIV6 L TOT AXRY T 4 £ TORMEMOLOWH L, 0.1 BELTOFHE AT K
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S 10 5 10 $5- |
(_/>) >+ St S A
Qo K ¢ '9\", i /4 ¥ S | g
s L Lk |
S ST IS
ST | ; S : &
0.1 : : : 0.1 : e 0.1 ;
0.01 01 . . 1 10 001 01 . 10 0.01 01 . 10
lg’erlod(s) llerlod(s) lg’erlod(s)

(] 4322-1b RENSET /L 4 OHEBRHIAER (KMMHO04) . F a3 ZBLHIN % e
¥, SEEIIHTPEREERE, v o6, fa, Bf, 6, ERaEEnTnbiEm
2R, BT AXVT 4, TAXRYT 41, TANXY T ¢ 2, HHEEKO G RINEE R % 3%
T A EOEEITR RME AR T e FRITEHLREISE A7 by (B3 5%) T, Bl
HIREN], EHEIWERSEOA R CHEEHEOR L X () L ERMEROMMED 7
VAL (ST ABE LA 25 o AT ML, ZSEAITA B 25 D AT kv
DY HFRS. L DIAFIC NS iy, EW By, EHHUT (HOR) DRy Z 7. fLlis
JEISE AR MVOKITHET ST (HOR) By DA, FalI NS plisr O EFR], 71—
I EW 4y O HEREIH A 9.
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L31(case04)
KMMHO6 NS EW
173 Pbs.(Surface} 118.0cm/s2 73 10bs.(Surf 162 5cm/s?
0 0
-173 -173
173 Jobs.(Borehole) 83.5cm/s2 '’ JObs.(Borehole) 70.8cm/s?
0 0
-173 -173
173 Jsyn. 139.3cm/s2 173 Joyn. 110.2cm/s2 73 Toyn. 149.6cm/s?
0 0 0
—173 ALL —173 ALL —173 JALL
173 Tsyn. 152.4cm/s2 73 Joyn. 108.8cmis2 73 Joyn. 172.0cm/s2
0 0 0
173 SP 173 JASP —173 JASP
8 jEyn. 152.6cm/s2 173 j1zyn. 108.7cm/s2 173 fyn. 171.8cm/s?
0 0 0
173 SP1 173 SP1 173 SP1
173 Jsyn. 67.0cm/s2 73 Joyn. 551cm/s2 73 Jsyn. 78.4cm/s?
0 0 0
TR Bign B
I= ISyn. 37.6cm/s? ISyn. 31.0cm/s? JSyn. 33.7cm/s?
S 01 vy 1 e 0 A
§—173 K T T T 1 -173 K T T T T T 1 -173 K T T T T T 1
0 5 15 20 25 30 0 5 1015 20 25 30 0 5 10.15 20 25 30
QI' e(s) QI'|me(s) Time(s)

1000 e = 1000 1w = ==a= 1000 eyer e =
z & f S ﬁf PR N
S ERSEEER ) il : " [ = : —H
o R / g | ~°‘f, - ,/ il R / BN ¥

31 (il Bil W)/ | B
2/ : 7 |
Ky ; S ; S| [
0.1 et 0.1 : : 0.1 4— .
0.01 01 | 10 0.01 01 | 10 0.01 01 | 10
Ig’erlod(s) lg’erlod(s) lg’erlod(s)

B 43.22-1c AENSET IV 4 OHEEFHIAER (KMMHO06) . S 281N
B, SEEIIHTPERIEERE, Yo o6, R, B, 6, ERaEEnsnbiEm
2R, BT AXVT 4, TARYT 41, TANXY T ¢ 2, EHEEIKO G RINEE R % 3=
. A EOBEITR RME AR T, e FRITEHLREISE A7 by (B3 5%) T, Bl
HIREN], EHEAIWERSEOA R CHEEHEOR L X () L ERMEROMED Z
VAL (STEEH) ABE LA 25 o AT ML, ZREAITA B 25 D AT kv
DY HFRT. L DIAFIC NS iy, EW By, EHHUT (HOR) DRy &7 . s
JEISE AR MO THET ST (HOR) By DA, Fald NS plisr OEER], 71—
I EW i) OB A 29,
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HEEE >

2 b—3 g U

L31(case04)
KMMHO3 NS EW
787 (Surface) 786.6cm/s2 ‘7 JObs.(Surface) 227.6cm/s2
0 j‘b——onvmwm 0
787 _787
787 Jobs.(Borehole)145.9cm/s? 87 Jobs.(Borehole) 70.2cmis?
0 v 0
_787 j -787 j
87 ]Syn. 461.2cmis2 8 1Syn. 451.7cm/s2 '8 1Syn 542.6cm/s?
_7g7 JALL _787 JALL —787 JALL
87 Tsyn. 412.6cmis2 "8 Joyn. 403.5cm/s2 "8 Jsyn. 487.3cm/s?
0 0 0
787 SP _787 JASP _7g7 JASP
8 ]iyn. 412.3cm/s2 ¥ ]iyn. 402.7cm/s2 787 ]iyn. 486.5cm/s2
0 0 0
87 ]Syn. 121.3cm/s2 87 Joyn. 148.6cm/s2 87 Jsyn. 190.5cm/s?
0 — 0 0
o R e T o
I= Syn. 117.8cm/s? ISyn. 113.6cm/s? JSyn. 142.8cm/s?
o o0 e 0 % 0 v
gre7 K — 787 B ——————— e B
0 5 15 20 25 30 0 5 10,15 20 25 30 0O 5 10.15 20 25 30
rime(s) Tima(s) Time(s)
1000 st 1000 st 1000 iy ' .
B 1 L D —a B i e il
& — A\ o B A AN
s & K VERSHIS NV a % W SRS/ (aSa T
= g \ = \\\kf’ 7 ? 7 ¥
5 10 Jg '{/‘ S ‘ \L'*';;\A‘ T =t 10 S L \?&;,
» = - s Py +
[oX & / - S 7/ T
e ~ Sany QL/
1 400 ) 1 48 ] 14 I
B > i?;, :
Ky L ||
0.1 ‘ A 0.1 : 0.1 4—r .
0.01 01 . 10 0.01 01 . 10 001 01 . 10
Ig’erlod(s) lg’erlod(s) lg’erlod(s)

X 4322-1d FHENSTET IV 4 OHEBFAGLESE (KMMHO03).
SR VT TP LN I
IR, BT ARV T 4, TAXRUT ¢ 1,

T, 4

v U, R, B,
TANYT 12,

H, HAG
T S BRI D B BN BE W & 5

RO IR B IE A
XA E

T A EOEEITR RME AR T e FRITEHLREISE A7 by (B3 5%) T, Bl
HIREN], EHEIWERSEOA R CHEEHEOR L X () L ERMEROMMED 7
VAL (ST ABE LA 25 o AT ML, ZREOITA B 25 D AT kv
DY HFRS. L DIAFIC NS iy, EW By, EHHUT (HOR) DRy Z 7. fLlis
JEISE AR MVOKITHET ST (HOR) By DA, FalI NS plisr O EFR], 71—
I EW 4y O HEREIH A 9.

4.3.2.2-7



HEHS I 2 L— g UEER

KMMHO02_../../calc/L31/case04/CALC/rupRan0/COMP/nofil/

L31(case04)

KMMHO02 NS EW
661 Pbs.(Surface) 302.7cm/s2 ' 0bs.(Surfage), 660.4cm/s2
0 jb——'*‘“w"“’v——"‘ 0
661 —661

661 Jobs. (Borehole)175.3cm/s? 661 Jobs.(Borehole)182 2cm/s?

0 o 0
~ee j 3 J 661
2 2
]Syn N 85.4cm/s ]Syn 108.3cm/s? ]Syn . 122.4cm/s
-8 b -1 b &1 P
2 2 2
]iyn ) 87.7cm/s ]iyn 108.4cm/s ]iyn . 128.2cm/s
SP SP sP
-661 -661 -661
661 jiyn. 87.7cm/s? 561 j1zyn. 108.5cm/s2 iyn. 128.3cm/s2
0 0 0
661 qSyn 27.0cm/s? 661 ]Syn 30.8cm/s2 661 TFyn 34.5¢cm/s?
‘g e Fyn. 36.1cm/s? Toyn. 37.60m/s? %! Toyn. 50.6cm/s?
s o 0 0
§—661 K T T T T T 1 —-661 K T T T 1 —661 K T T T T T i
5 10 1520 25 30 35 5 10 20 25 30 35 5 10 15 20 25 30 35
5I'ime(s) EI' e(s) ELl'lme(s)
1000 gttt - 1000 1=y = =ttt 1000 10 EE : =
28 % 100 d % 100 Shla %
£ e AR A
S g ALIER 2o 10 | o AL L TN
> fi— /- 3N i  a N
1 1 /il I
4 01 ; 0.1 d——rrr ;
0, 1 10 0.01 01 . 1 10 0.01 01 . 1 10
I;’eriod(s) lg’erlod(s) Period(s)

B 43.22-1e AENSET IV 4 OMEBFHIAE R (KMMHO02). S 281005 EE
B, SEEIIHTPERIEERE, Yo o6, R, B, 6, ERaEEnsnbiEm
2R, BT AXVT 4, TARYT 41, TANXY T ¢ 2, EHEEIKO G RINEE R % 3=
. A EOBEIIRERMEERT. & FEITHFEHEISE A7 by (B 5%) T, B
HIREN], EHEAIWERSEOA R CHEEHEOR L X () L ERMEROMED Z
VAL (STEEH) ABE LA 25 o AT ML, ZREAITA B 25 D AT kv
DY HFRT. L DIAFIC NS iy, EW By, EHHUT (HOR) DRy &7 . s
JEISE AR MO THET ST (HOR) By DA, Fald NS plisr OEER], 71—
I EW i) OB A 29,
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L19(case05)
1157 KMMH16_NS w

})bs.( “rfaCE') 653.0cm/s2 %7 JObs.(Slurface)1156.9cm/s2
0 0

1157 1157
157 Jobs. (Borehole)158 6omis? 157 Jobs. (Borehole)242.8cm/s?
0 i) 0 L
_1157j _1157j .
1157 Tsyn. 384.6cm/s2 1157 Teyn. 491.0cm/s2 1157 Jsyn. 568.3cm/s?
0 ]t;—qw——— 0 % 0 le—%n-———
—1157 JALL _1157 JALL —1157 JALL
1157 o 331.6cmis2 1197 Joyn. 414.1cm/s2 1197 Jeyn. 480.7cm/s?
0 JA bt 0 0
CHF o 8 e g
€ 15 Tsyn 164.4cm/s2 157 syn. 159.2cm/s? Toyn. 206.2cm/s?
3 0 o 0 - 0 !
g5 Pr—ro sy B sy B
0 5 1015 20 25 30 0 5 1015 20 25 30 0 5 1015 20 25 30
Q'I'|me(s) Time(s) QI'|me(s)
1000 St 1000 e 1000 e ====
: oSl = r~ - {y\. o
: . 7 / \ ~ 1 e [T
) % 100 =¥ == 100 4= 7o NN @@
ST Aol PR
S, Get
D 5 EaE N
5 : 08 - 10 15 "}/‘ il S
= g S A1/ K A/ —
N i Sy > 1/
3 g//, @//
1% L 1 SO |
I8 ; | =
0.1 e 0.1 + : — 0.1 f—rtmrrtten
0.01 10 001 10 0.0 10

0.1 1 0.1 1 01 1
Period(s) Period(s) Period(s)

4322-2a RHENSET V5 OHEERHERE R (KMMH16). SR IHaR@iRn e
¥, SRETHPERINEERE, o7, R, EREIENEEEE 2K, 7 A
U7 ¢, BREROGHINEERF 2R, A EOBMEITRKMEEZRT. i FEIXHEELE
FEINE AT bV (R S %) C, BATHIRBIN, SO IINE 2R 05 R CHRERE D
BOE (5 CEHEMEROMMOT &2 (5 fEH) 258 a5 25 oA~
7 bv, REIIERIEE 25 O AT SO EFRT . A BIAFIZ NS )5y, EW K
5y, FIiE (HOR) Oy &y . #ELHEISE A~ MV ORI TE g (HOR) Ak
DI, BT NS By OMEBLR, 7L —@IX BW By O R B 2 R
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L19(case05)
MMHO04 NS w
284 bs.%ur? 557.3cm/s2 2% [Obs.(Surface), 196.9cm/s2
0 M KW"‘“M 0
284 —284
284 PObs.(Borehole)302.1cm/s2 22+ JObs.(Borehole)317.6cm/s?
0 0
284 284
284 Tyn. 205.1cm/s2 28 Joyn. 249.0cm/s2  2%* Toyn. 272.1cm/s?
0 % 0 f——'\/\)‘ﬂﬂw\—— 0 Mw—
_og4 ALL —og4 JALL —284 ALL
284 Toyn. 212.2cm/s?2 28 Joyn. 257.8cm/s2 28* Joyn. 283.2cm/s?
0 %7 0 f——«/\ﬂr«—i 0 M—
284 WASP _og4 JASP 284 - SP
= 284 Tyn. 82.1cm/s2 8% Jsyn. 81.7cm/s2  28* Joyn. 127.7cm/s?
S 07 o ] Ay 0] B L
Gross K s B o B
0 5 10,15 20 25 30 0 5 1015 20 25 30 0 5 1015 20 25 30
QI'ime(s 0'I'ime(s) Time(s)
1000 e — e 1000 iyttt 1000
100 Jye LUl L L ] 100 ¥ 100 4
ST = = Bk
§ i L /)Vj L 10 °°°ﬁf LU 10 45
Sy g 4 Kl >
11/ A 1453 / 145/
7 £/ m%'
= St ] s
0.1 0.1 i 0.1 .
0.01 0.1 1 10 001 0.4 1 10 0.01 0.1 1 10
Period(s) Period(s) Period(s)

43.2.2-2b NS ET IV 5 OHEERHERE R (KMMHO04) . SR IHRB1HRN®
¥, SRETHPERINEERE, o7, R, EREIENZEER 2K, 7 A
U7 ¢, WREROGEINEEREZRT. A EOBEITRKMEEERT. &K FEIXELLE
FEINE AT bV (= S %) C, BATHIRBI, SO IINE 2R 04 R CHREMRIE D
BOE (5 CEHEMBEROMMOT &2 (5 ffEH) 25E L5 25 oA~
7 Mv, REIIAERIEE 25 O AT SO EFRT . A BIAEIZ NS )5y, EW K
5y, EIiE (HOR) DOy Zmd . #ELHEISE A~ MV ORITHE g (HOR) Ak
Oy DFr, BT NS By OMEBR, 7L —@IX EW By O R B 2 R
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L19(case05)
)

KM
185 I\gur acg) 118.0cm/s? bs.(Surface) 1 62.5cm/s2
0 HMWMM 0
—185 -185

185 1Ops.(Borehole) 83.5cm/s2 2 JObs.(Borehole) 70.8cm/s2
0 0
185 185

185 Tsyn. 172.0cm/s2 18 ]Syn ’* 138.4cm/s2 8% Joyn. 184.0cm/s?
0 w 0 H——
—185 JALL 185 i“'—'— —185 JALL
e flSyn M’" 162.0om/s? % ]Syn % 134.6cm/s2 18 ]Syn % 179.9cm/s?

85 185 185

(\l
(IJ
= Byn. 44.9cm/s? ISyn. 40.5cm/s? Syn. 50.2cm/s?
S 0 ot 0 '.A, 0 ot
8—185 K T T T T 1 —185 K T T 1 185 K T T T T T i
< 0 5 QI_ 15 20 25 30 0 5 1QI_ 15 20 25 30 0 5 15 20 25 30
e(s) ime(s) Tlme(s)
1000 e : : st 1000 Jepir , e 1000 e smasay
100 4™ . 100—5?4*' ol 100 fell
§~ ‘. \Ir,,\: - 1 & B s e e - \,\. . vfo A ] X \)\L’V =
Zg @f : K i‘gf , ‘:WF'“ ‘ *“i e
) SRR il N LS| %7
£ 10 S e 10 {5 RN 10 Qy ——\\q
> ES ;i S W Fer <,\7‘\j? > i ¥ T
(8_ F e - T g I }‘; - I »
ST K : ] T KRREEy 4
O | | g ] ) 5 -
1 %; 1 '%“;" L ; 14
b N A >
0.1 4= 4 0.1 e —— 0.1 ——r HH
0.01 01 . 1 10 0.01 01 . 1 10 0.01 01 . 1 10
Period(s) Period(s) Period(s)

4322-2c RHENSET NV 5 OHEERHERE R (KMMHO06). S IR @Rn e
, SEClTHPBLIAIEER R, v o a, R, AT hElEmaeds, 7 A8
UT 1, BaEROGBIMNEEREAZRT. A EOBMEITRAMEELRT. i FEITHEELH
JEISEART bV (B 5 %) T, BEITHIERBH, 5E TN E 206 CHEERE O
EOE (5 HE CERHBROMMOZ 7 a5 FE) 2588 LIE5 25 oA~
7%»,ﬁ@iAmﬁﬁdsﬁ@X«7hw®Iﬁ%ﬁﬁ N BIAEIZ NS 35y, EW K

, FEHGT (HOR) Doy %7 . BELHEISE A7 MO TES S (HOR) AR
DI, BAILNS By OHRELIA, 7 L —lX EW 5oy O HZRBU 2 £
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L19(case05)
)

KMMHO03 NS
87 bs%ur?ac 786.60m/s2 bs.(Surface) 227.6cm/s?
0 ]O—“"'\/W\WW 0
_787 _787

87 Jobs.(Borehole)145.9cm/s? 787 Jobs. (Borehole) 70.20mis?

0 ] - 0 ]
187 187 787
. 178.0cm/s2 '8 ]Syn 200.2cm/s2 '8 ]Syn 198.5cm/s2
0 A\ Ay A
787 jALL 787 :lB\LL -787 jD\LL
787 Joyn. 190.3cm/s2 % ]Syn 223.3cm/s2 ' 215.7cm/s?
Of_—w%____ "y 0
I o g0 T om
e Syn. 64.5cm/s? Syn. 75.0cm/s? ISyn. 83.7cm/s?
S 0 0 0
G787 BEK—— —— 787 BES — 787 B
0o 5 15 20 25 30 0 5 1015 20 25 30 0o 5 15 20 25 30
0'I' e(s) QI'|me (s) Tlme(s)
1000 e : : it 1000 ek : it 1000 i —
100 4Bl LN 100—%@**T 100 4l I
; / i e o § vfo TR l,':\ AN
g | i RN
) 10 4 10 458 L MU L
< : S/ N
3 1 XS EESA /e S
o \\'{ .S'G ,\Q'\" 7‘ ~ g
b Q' o 5
B :
01 4 4+ 0.1 i 0.1 - -
0.01 01 . 1 10 0.01 01 . 1 10 0.01 01 . .1 10
Period(s) Period(s) Period(s)

4 43.2.2-2d REENSET IV 5 OHEERHERE R (KMMHO03). HR e IHR BN E

e, SR R ERE, vy a, R, AT EWEm ek, 7oA

U7 4, BREEOGEINEEEEEZERT. A EOBEITEKREELET. & FEIIHELELE

JERRE AT bV (R 5 %) C, BAITHIRBLN, 586 IW7E 2R 0 & Rk CHEURIE O

EOXE (5 M) CERMBRONMMOT X A (5 FilE) 2EB LG5 25 oA~

7%»,%@iA%&ﬁQS&@XmﬁhwmIﬁ%ﬁﬁ RN BIAFIZ NS 35y, EW K
, ETHS (HOR) Doz~ . #ELHEISE AT MO TEF ST (HOR) A
FOF, BAIXNS B OHFRBI, 7L —@AIX EW 5o O ERBI 2 &7
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L19(case05)

2 NS W
bs.(Surfacg) 302.7cm/s? 661 bs.(Surfa 660.4cm/s?
0

661 661

661 ]Obs Borehole }175.3cm/s2 ©°! bs.(BorehoIe)182_2cm/32

661 j —661

66 ]Syn 61.1cm/s? %61 ]Syn 76.8cm/s2 %61 1Syn. 89.4cm/s?

661 L 661 . g6 .

661 flsyn 64.1cm/s2 ]Syn 78.7cm/s? ]Syn- 94.2cm/s?
E v e oyn. 12.7cm/s? Jsyn. 20.2cm/s? Toyn. 18.3cm/s?
S 0 0 0
<():‘3—661 K — 661 BK —— 661 BK —

5 10 1 20 25 30 35 5 10 1 20 25 30 35 5 10 1 20 25 30 35
i il "
1000 e : ; w1000 ~ptr : it 1000 ~feppier e
| i o A
TN 1 i PN ‘ 1P T 1
100 L 100 4l 100 JdniA
e %M NS S B e VERS
S5 s ST S ,
% 10 ‘w\it,..,'?/"\i i 10 S = /' l Vi:k‘:kw:} 10 Q, - E ‘f;‘ g Y -
J i RN = i NV | ' /s fii
R P e Ps i RN s A0/
B /1 DENNAIE K ] ] I N Kl W
: ‘\{— 1 Jbéj — IS ! %égf
e —I 35
:0&‘ - . - : & :
. 0.1 ' I ~ " - 0.1 IS —
0.1 1 10 0.01 01 . . 1 10 001 01 . .1 10
Period(s) Period(s) Period(s)

4322-2e RHENSET V5 OHEERHmRE R (KMMHO02). SR IR RIn S

, SEClTHPBLIAIEER R, v o a, R, AT hElEmaeds, 7 A8

UT 1, BaEROGBIMNEEREAZRT. A EOBMEITRAMEELRT. i FEITHEELH

JEISEART bV (B 5 %) T, BEITHIERBH, 5E TN E 206 CHEERE O

BOE (5 HE CERERHBROMMOZ 7 a5 FE) 258 LIE5 25 oA~

7%»,ﬁ@iAmﬁﬁisﬁ@X«7hw®Iﬁ%ﬁﬁ N BIAEIZ NS 35y, EW K
, FEHGT (HOR) Doy %7 . BELHEISE A7 MO TES S (HOR) AR
DI, BAILNS By OHRELIA, 7 L —lX EW 5oy O HZRBU 2 £
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L19 case(6)
1157 H16

W
F “rfac'e) 653 ocm/s2 1197 TObs. (Sluface)1156.9cm/s2

57 1157
57 Jobs. (B Borehole )158.6cm/s2 %7 Jobs. (Borehole)242.8cm/s?
0 e

7

]

-115 -115
o7 Toyn. 502.7em/s? 117 Joyn. 636.0cm/s2 ' 197 Isyn. 742.9cm/s?
ojA s OjA - 0
—1157 JALL —1157 JALL _1157 JALL
”5; P 5255cm/s2 1197 ]Syn + 651.1cm/s2 1%/ ]Syn " 753.7cm/s?
i
(\’,0:_1157 jB\SP -1157 jB\SP _1}5; JASP
21157 150, 142.0cm/s2 1157 Teyn. 122.8cm/s2 1157 Joyn. 170.7cm/s?
S o0 e 0 0 -
g5y K 1157 P 1157 BES .
0 5 1015 20 25 30 0 5 15 20 25 30 0 5 1 15 20 25 30
Q'I'ime(s) T|me( ) QI'|
1000 re—t et 1000 el st 1000
/s
s 100 4
3 , ki
O
5 i ST
@ it >
o e
148
S
i Sk
0.1 e 0.1 + : — 0.1 f—rtmrrtten .
0.01 0.1 1 10 001 01 1 10 001 01 . . 1 10
Period(s) Period(s) Period(s)

43.223a AHENSET /L 6 OHEREFHMERIR (KMMH16). FEITHRBLRIINE K

, SEClTHPBLIAIEER R, v o a, R, AT hElEmaeds, 7 A8

UT 1, BaEROGBIMNEEREAZRT. A EOBMEITRAMEELRT. i FEITHEELH

JEISEART bV (B 5 %) T, BEITHIERBH, 5E TN E 206 CHEERE O

EOE (5 HE CERHBROMMOZ 7 a5 FE) 2588 LIE5 25 oA~

7%»,ﬁ@iAmﬁﬁisﬁ@X«7hw®Iﬁ%ﬁﬁ FEDBIEFIZ NS ks, EW ik
, FEHGT (HOR) Doy %7 . BELHEISE A7 MO TES S (HOR) AR
FOF, BAIXNS B OHFRBIR, 7L —@AIX EW 5o O ERBI 2 &7
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KMMHO04_../../calc/L19/case06/CALC/rupRan0/COMP/nofil/

L19(case06)

EM W
l\gur? 257 3cm/s? bs.(Surface), 196.9cm/s?
0
-258 -258
258 Obs.(Borehole)302.1cm/s2  2°¢ JObs.(Borehole)317.6cm/s2
0
-258 -258
258 Tsyn. 121.3cm/s? 28 134.7cm/s? 160.2cm/s2
0
_o5g JALL 258 -ggg
258 ]Syn 125.6cm/s> 2 140.8cm/s? 164.6cm/s?
ey «ﬂw .
w258JASP 358_ SP '%22_ sP
258 Toyn 66.0cm/s2 28 Joyn. 89.6cm/s? JSyn. ‘ 85.4cm/s?
o o0 At - 0 it -
§—258 K T T T T T 1 —258 K T T T 1 —258 K T T T 1
0 5 1015 20 25 30 0 5 1015 20 25 30 0 5 15 20 25 30
QI'ime(s) 0'I'|me (s) Tlme( )
1000 ey = 1000 =gt il 1000
- il . , : KO3
100 2 AT 100 _’ &;’P 100 4= ;,&g’ ~\/::f;'.’-
%?é\ i = ot ’ =
@ §’~ g Bl L[ @I T 7?\~f\‘i
= S S 0
o = £ 10 P
S ;
AR >
(g. > Rl
o
1 48
%
0.1 0.1 ~ e 0.1 ,
0.01 0.1 1 10 0.01 0.1 1 10 0.01 01 . 1 10
Period(s) Period(s) Period(s)

X 43.2.2-3b AHENIET IV 6 OHEI ML E (KMMHO04) .

FLA I F A A0

e, SHEITHPBRINEEENE, v 76, R, BRaEnEhlEmelis, 7Ax
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L19(case06)
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L19(case07)
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L19(case07)
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L19(case07)
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L19(case07)
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87 F I\gur ac@ 786 6cm/s2 bs.(Surface) 227.6cm/s2
_787 _787
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FOF, BAIXNS B OHFRBI, 7L —@AIX EW 5o O ERBI 2 &7
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L19(case07)
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We analyzed the performance of the Irikura and Miyake (2011) (IM2011) asperity-based kinematic
rupture model generator, as implemented in the hybrid broadband ground-motion simulation
methodology of Graves and Pitarka (2010), for simulating ground motion from crustal earthquakes
of intermediate size. The primary objective of our study is to investigate the transportability of
IM2011 into the framework used by the Southern California Earthquake Center broadband
simulation platform. In our analysis, we performed broadband (0 - 20Hz) ground motion simulations
for a suite of M6.7 crustal scenario earthquakes in a hard rock seismic velocity structure using
rupture models produced with both IM2011 and the rupture generation method of Graves and
Pitarka (2016) (GP2016). The level of simulated ground motions for the two approaches compare
favorably with median estimates obtained from the 2014 Next Generation Attenuation-West2 Project
(NGA-West2) ground-motion prediction equations (GMPESs) over the frequency band 0.1-10 Hz
and for distances out to 22 km from the fault. We also found that, compared to GP2016, IM2011
generates ground motion with larger variability, particularly at near-fault distances (<12km) and at
long periods (>1s). For this specific scenario, the largest systematic difference in ground motion
level for the two approaches occurs in the period band 1 — 3 sec where the IM2011 motions are
about 20 — 30% lower than those for GP2016. We found that increasing the rupture speed by 20%
on the asperities in IM2011 produced ground motions in the 1 — 3 second bandwidth that are in
much closer agreement with the GMPE medians and similar to those obtained with GP2016. The
potential implications of this modification for other rupture mechanisms and magnitudes are not yet
fully understood, and this topic is the subject of ongoing study.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07NA27344.
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Introduction

The broadband ground motion simulation method of Graves and Pitarka (2010, 2016) and that of
Irikura and Miyake (2011, IM2011 hereafter, also known as Irikura’s recipe) use similar time-
domain summation schemes based on kinematic rupture descriptions. Both methods compute ground
motion acceleration time series using rupture kinematics for modeling the source, and Green’s
functions for modeling wave propagation. Earlier versions of the Irikura and Miyake method
employed empirical Green’s functions. However, the scarcity of empirical Green’s functions with
desired magnitude, distance, focal mechanism and source function motivated several modifications
of the method including the use of synthetic Green’s functions for periods longer than 1 second (e.qg.,
Kamae et al. 1998, Pitarka et al., 2002). At shorter periods, the simulation still relies on the use of
empirical Green’s functions, and the full broadband response is obtained using a hybrid approach.
These modifications as well as the adoption of improved empirical relations of rupture parameters
extended the method’s applicability to earthquakes of various types and with complex rupture. (e.g.
Miyake et al., 2003; Pitarka et al. 2000; Morikawa et. al., 2011; Pitarka et al.,2012; Kurahashi and
Irikura,2013; Pulido et al., 2015).

In this article we analyze the performance of the 1IIM2011 asperity-based earthquake rupture model
generator implemented in the hybrid broadband ground-motion simulation methodology of Graves
and Pitarka (2010). The term hybrid simulation procedure refers to a general approach where the
long period motions (typically > 1 s) are computed using a more deterministic approach and the
shorter period motions (typically < 1 s) are computed using a more stochastic approach. The full
broadband response is then obtained by filtering and summing the individual responses. The IM2011
hybrid method has been validated against several earthquakes in a broad magnitude range (e.g. Iwaki
et al., 2016), and is widely used to model and simulate ground motion from earthquakes in Japan. An
essential part of the method is its kinematic rupture generation technique, which is based on a
deterministic rupture asperity modeling approach. The source model simplicity and efficiency of the
IM2011 at reproducing ground motion from earthquakes recorded in Japan makes it attractive to
developers and users of the Southern California Earthquake Center Broadband Platform (SCEC
BBP) (Maechling et. al, 2015; Graves and Pitarka, 2015; Olsen and Takedatsu, 2015; Schmedes et
al., 2010).

The primary objective of our study is to investigate the transportability of the 1IM2011 rupture
generation process to broadband simulation methods used by the SCEC BBP. Here we test it using
the Graves and Pitarka (2010) hybrid simulation method. At longer periods (> 1 s), the simulation
approach of Graves and Pitarka (2010) is very similar to IM2011; that is, the full kinematic rupture
description is convolved with full waveform Green’s functions to obtain the ground motion
response. However, at shorter periods, the Graves and Pitarka (2010) approach uses a semi-
stochastic procedure (following from Boore, 1983) to generate the response, in contrast to the
empirical Green’s function approach used in IM2011. Therefore, part of our analysis includes
formulating the 1IM2011 rupture such that it can be inserted into the Graves and Pitarka (2010)
method at shorter periods. This process is relatively straightforward, but does require some care to
insure that all parameters, and in particular the rupture speed, are properly represented.
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In order to test the implementation process, we performed broadband (0-20Hz) ground motion
simulations for a series of M6.7 scenario oblique-slip earthquakes with rupture models produced
with both IM2011 and rupture generation method of Graves and Pitarka (2016, GP2016 hereafter).
The kinematic ruptures for both methods are formatted into the Standard Rupture Format (SRF),
which is the rupture format used by all the simulations codes on the SCEC BBP. Ground motions
from the two rupture model approaches are generated using the same hybrid simulation approach as
described in Graves and Pitarka (2010). At long periods (T > 1 s), we compute full waveform
Green’s functions (GFs) for the prescribed 1D seismic velocity model and these GFs are convolved
with the respective kinematic rupture descriptions. At short periods (T < 1 s), the rupture models are
resampled onto a 2 km X 2 km grid and the ground motions are computed using the Graves and
Pitarka (2010) stochastic formulation. The full broadband response is obtained by summing the
individual long- and short period responses using a set of match filters with a crossover set at 1
second (e.g. Hartzell et al., 1999).

In the sections that follow, we first provide an overview of the IM2011 and GP2016 rupture
generator procedures. We then describe the scenario ground motion calculations for a hypothetical
M6.7 oblique-slip rupture that are used to examine and compare the two rupture generator
methodologies. The simulation results are also compared with estimates obtained from four NGA-
West2 ground motions prediction equations (GMPESs), which provide a common reference point for
analyzing the performance of the different approaches. Based on these comparisons, we also
examine a modified version of 1IM2011 where the rupture speed is increased by 20% across the
large-slip asperities, which results in an improved fit to the GMPEs levels in the 1 — 3 second period
bandwidth. We conclude with a summary of our findings based on this initial set of assessments,
along with recommendations to guide further testing and validation of the rupture generator
methodologies.
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IM2011 and GP2016 Rupture Model Generators

IM2011 is based on the multiple-asperity concept of fault rupture. This concept is an extension of
the single-asperity model of Das and Kostrov (1986). IM2011 uses three sets of parameters, named
outer, inner and extra fault parameters, to characterize the fault rupture kinematics. The outer
parameters characterize the rupture area and magnitude, and the inner parameters define the spatial
and temporal characteristics of slip distribution determined from estimated stress drop in the
asperities and background areas of the fault. The extra fault parameters are the rupture nucleation
location (hypocenter), rupture initiation point in each asperity, and rupture velocity. The outer and
inner fault parameters are linked to the total seismic moment following empirical scaling laws. The
number of asperities, total asperity area, and asperity slip contrast follows Somerville et al. (1999).
These kinematic rupture parameters have been found to be compatible with those obtained from
rupture dynamics modeling of planar faults with multiple asperities. (e.g., Dalguer et al.,2004). In
contrast to other rupture generation methods, the rupture kinematics in IM2011 are directly linked to
static stress drop (e.g., Dan et al., 2001).

In IM2011 the asperities are rupture areas with both higher static stress drop (high slip) and shorter
slip duration. This means that most of the strong shaking energy is generated in the asperities areas,
which cover only a small portion of the fault area. Since both rupture velocity and slip within each
asperity are assumed constant, the resulting strong ground motion level is mainly controlled by the
stress drop, and width and amplitude of the initial pulse in the Kostrov-like slip velocity function
adopted by IM2011 (Nakamura and Miyatake, 2000). However, the assumption that most of the
higher-frequency ground motion originates only in the asperities is debatable. Inversions of recorded
strong-motion data often indicate that areas of high slip are not necessarily areas that produce large
amounts of high-frequency energy (e.g., Frankel, 2004; Kurahashi and Irikura, 2013). We direct the
interested reader to Irikura and Miyake (2011), and Morikawa et al. (2011) for a detailed description
of IM2011.

The GP2016 rupture generator uses variable spatial and temporal kinematic rupture parameters that
are calibrated using recorded ground motion and observed rupture kinematics. The rupture process,
which is randomly heterogeneous at different scale lengths, controls coherent and incoherent
interferences of waves generated at the source. The random perturbations to the rupture kinematics
follow empirical rules developed through modeling of past earthquakes..

The GP2016 rupture generation process begins with the specification of a random slip field that is
filtered to have a roughly wavenumber-squared falloff (e.g., Mai and Beroza, 2002). The slip values
are scaled to have a coefficient of variation of 0.85 and to also match the desired seismic moment.
Given a prescribed hypocenter, the rupture propagation times across the fault are determined such
that the average rupture speed scales at about 80% of the local shear wave velocity. Additionally, the
rupture speed is further reduced by a factor of 0.6 for depths of 5 km and less, which is designed to
represent the shallow, weak zone in surface-rupturing events (e.g., Marone and Scholz, 1988;
Dalguer et al., 2008; Pitarka et al., 2009). A perturbation is then applied to the rupture time at each
subfault that is partially correlated with local slip such that the rupture tends to propagate faster in
regions of large slip and slows down in regions of low slip. The slip-rate function is a Kostrov-like
pulse (Liu et al., 2006) with a total duration (rise time) that is partially correlated with the square
root of the local slip. Additionally, the rise time is scaled up by a factor of 2 within the 0-5 km depth
range (Kagawa et al., 2004). The average rise time across the fault is constrained to scale in a self-
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similar manner with the seismic moment (Somerville et al., 1999).

The Graves and Pitarka simulation approach has been validated against a number of past
earthquakes, as well as with various GMPEs. We direct the interested reader to Graves and Pitarka
(2010) for a detailed description of their hybrid ground motion simulation method and to Graves and
Pitarka (2016) for a detailed description of their latest kinematic rupture model generator.
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Ground Motion Simulations Using IM2011 and GP2016 Rupture Model Generators

We investigate the performance of IM2011 in conjunction with the Graves and Pitarka (2010) hybrid
simulation method by comparing ground motions simulated with IM2011 and GP2016 rupture
models for a hypothetical earthquake. The earthquake we consider is a M6.7 oblique-slip event on a
steeply dipping fault. We compute broadband (0 — 20 Hz) ground motions at 39 stations
surrounding the fault, and extending to a closest fault distance of about 22 km. The velocity
structure is a simple 1D model with hard-rock site condition. The fault mechanism and earthquake
rupture parameters are summarized in Table 4.4.1-1 and the velocity model is listed in Table 4.4.1-2.
Figure 4.4.1-1 shows the surface projection of the fault and the station locations. The fault rupture is
bilateral and the fault spans from 3 to 19km depth.

Rupture Models

Using the two rupture generators we computed a suite of 10 randomized realizations for the M6.7
scenario earthquake. For IM2011, the difference between various realizations is simply the locations
of the large and small asperities within the fault plane. For GP2016, each realization results in a
different distribution of slip, rupture speed, rise time, and rake. For the sake of generality, in the
analysis shown here, no attempt was made to generate GP2016 models that have similar slip
distributions to the IM2011 models. Figure 4.4.1-2 illustrates two representative kinematic rupture
models generated with IM2011 and GP2016, named IM and GP, respectively. As dictated by the
scaling rules in the recipe, the IM rupture has two asperities, one with bigger area and large slip and
the other with smaller area and slip (although still above the background slip value). The rupture
speed for the IM model is set at a constant value of 2.52 km/s, which is prescribed by the recipe as
72% of the assumed shear wave velocity of 3.5 km/s, and the rake is constant across the entire fault
with a value of 25 degrees. For the GP rupture, the slip, rupture speed and rise time distribution are
much more heterogeneous compared to the IM rupture. This larger degree of heterogeneity results
from the use of randomized spatial fields to generate these parameters in the GP approach.
Additionally, the GP method provides partial correlation between rise time and the square root of
local slip, and between rupture speed and local slip. This results in a tendency for the rise time to
lengthen and the rupture speed to increase as the slip increases. Since the randomized spatial fields
are generated to match a roughly wavenumber squared fall-off, there is sufficient spatial
heterogeneity at relatively short length scales. Also apparent in the GP rupture is the systematic
reduction of rupture speed and lengthening of rise time along both the top and bottom portions of the
rupture. For this buried and dipping fault, this scaling is most prevalent in the upper 4 km of the
fault plane, although it is also seen below about 15 km down-dip distance.

Figure 4.4.1-3 shows time series of slip velocity as prescribed by the two rupture models at selected
locations on the fault. For IM (Figure 4.4.1-3, left panel), one location is inside the large asperity
and the other in the background slip area. The IM procedure requires the total duration (rise time) of
the slip velocity function to scale inversely with the local slip. Thus, the rise time for the
background area is about twice as long as that for the large asperity, which results in a relatively low
peak amplitude and very long tail on the background slip-velocity function. Since the radiated
strong motion energy is generally correlated with the peak slip velocity, the scaling prescribed by the
IM model means most of the strong motion radiation will come from the asperities, with the
background areas mainly providing relatively longer period radiation. As noted above, the GP
rupture has a more complex and heterogeneous distribution of rupture parameters, and this is also
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reflected in the scaling of the slip velocity functions. For GP (Figure 4.4.1-3, right panel) the
functions come from locations that sample both large and small slip, as well as different depths on
the fault. Locations 1 and 3 both have slip values of about 200 cm, although the rise time for the
slip-velocity function at location 3 is about twice that for location 1. This results from the depth
scaling of rise time that is prescribed in the GP approach. Location 2 has roughly the average fault
slip (83 cm), but since GP tends to scale rise time with slip, this location has a relatively short rise
time, and the peak slip velocity at this site is similar to that at location 3. This highlights some key
features of the GP approach whereby large shallow fault slip does not necessarily translate into large
strong motion radiation. Additionally, it means that strong radiation of shorter period motion does
not necessarily coincide with regions of large slip.

Both set of rupture models were inserted into the Graves and Pitraka (2010) hybrid simulation
process as implemented on the SCEC BBP. The low-frequency part of ground motion (0 -1Hz) was
calculated using synthetic Green’s functions computed with the FK method of Zhu and Rivera
(2002). Table 4.4.1-2 describes the flat-layered velocity model used in the simulations. The sub-
fault dimensions used in the simulations of the low frequency part of ground motion were 0.1 X
0.1km, and used the full kinematic rupture descriptions as described earlier.

The high frequency simulation approach of Graves and Pitarka (2010) uses a semi-stochastic
representation that requires some modification of the full kinematic rupture description. The
primary modification is the replacement of the deterministic slip-velocity function with a windowed
time series of band-limited white Gaussian noise. This time series is filtered to a target omega-
squared spectrum and scaled to match the target moment release on the subfault. A basic premise of
this approach is that it is designed to utilize the random phasing of the radiated subfault waveform to
represent the poorly constrained and/or unknown details of the rupture process. For this reason,
Graves and Pitarka (2010) recommend limiting the subfault size used for the high-frequency
calculation to have a minimum characteristic dimension no smaller than about 1-2 km. More details
about this can be found in Graves and Pitarka (2010 and 2015). In the scenario simulations
considered here, we resample the full kinematic rupture description to a grid of 2km by 2km for
insertion in the high-frequency portion of the calculations. Another important input parameter for
the high-frequency simulations is the average rupture speed, which is related to the subfault corner
frequency in the Graves and Pitarka (2010) approach. For 1M, this is set to 72% of the local Vs, and
for GP it is set at 77.5% of the local Vs. An additional 60% reduction of rupture speed along the
shallow and deep portions of the fault as dictated by Graves and Pitarka (2010, 2015) was applied to
both the IM and GP high-frequency rupture simulations.

The matching frequency fy, used to combine the high- and low-frequency portions of the simulated
ground motion was set at 1Hz. In many studies the transition between the deterministic and
stochastic characteristics of ground motion is made at 1Hz, partly due to computational limitations in
wave propagation modeling, and limited reliability of seismic velocity and rupture models. However
analysis of observed ground motion has shown that the transition between coherent and incoherent
rupture and wave propagation processes generally occurs around 1 Hz (e.g., Liu and Helmberger,
1985; Graves and Pitarka, 2016), although there may be some variation with magnitude (Frankel,
2009). Therefore fixing f, at 1Hz is rather arbitrary and subject to further research.
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Simulation Results

Figures 4.4.1-4a and 4b compare time series of ground motion acceleration and velocity,
respectively, computed with the IM and GP rupture models shown in Figure 4.4.1-3 at 16 selected
stations. Despite the noted differences in the rupture models, the ground motions produced with
these two rupture models are quite similar. In general, the amplitude of the IM acceleration time
histories is slightly larger at all distances. In contrast, the velocity time histories are much more
similar. This can be explained by the difference in small-scale rupture complexities between the two
models. The GP model, which is more heterogeneous than the IM model, creates more
deconstructive waveform interference in both time and space. Later we will show that for the same
reason GP produces less intra-event variability in near-fault ground motion. IM produces slightly
stronger rupture directivity effects near the asperity area, which results from strong constructive
interference due to the smooth rupture at constant rupture speed. This effect is manifested by
increased amplitude of the fault normal, east-west (EW), component of ground motion velocity at
near-fault locations, such as stations 8, 10, 18, 20 and 22.

From the simulated waveforms for each realization, we compute the RotD50 pseudo spectral
acceleration (Boore et al., 2006) at each site. These values are compared with estimates from four
NGA-West2 GMPEs (Abrahamson et al., 2014; Boore et al., 2014; Campbell and Bozorgnia, 2014;
Chiou and Youngs, 2014) for various oscillator periods in Figures 4.4.1-5a (for GP) and 5b (for IM).
In general, the simulated values for both IM and GP lie near the range of the median values of the
GMPEs across all periods and distances. It can also be seen in these plots that the variability of the
IM responses is greater than that for GP, particularly at the longer periods. We will discuss this
further in a later section.

In order to obtain a more quantitative assessment of the comparison between the simulations and
GMPEs, we have used the response spectral acceleration goodness-of-fit (GOF) approach described
by Goulet et al., 2015. This is done by first computing the residual between the simulated value and
the estimated median value from each of the four GMPEs at each site. This is done for all 10
realizations for each of GP and IM. Then for each oscillator period, we compute the median and
standard error for all of the residuals (39 sites and 10 realizations compared with four GMPEs for
each rupture model generator). The GOF results are shown in Figure 4.4.1-6. For periods shorter
than 1 sec, both methods produce similar results, with similar trend down to 0.1 sec. The bias values
are centered around zero, with a maximum deviation of about 25%. At longer periods (> 1 sec), the
GP results are near zero bias all the way out to 10 sec, whereas the IM results show a systematic
under-prediction of the GMPE levels of about 20-30% in the period range 1 — 3 sec.

Given that we are considering a hypothetical earthquake rupture embedded in a very simple 1D
velocity structure, we cannot say what the “correct” ground motion response should be.
Nonetheless, the systematic difference seen between the GP and IM responses in the 1 — 3 sec period
range is intriguing, and warrants further investigation.

Modified IM Approach (IM-fastRS)
One of the main differences in the IM and GP rupture generator approaches involves the

specification of the temporal characteristics of the rupture, i.e., the rupture speed and rise time. In
IM, the rupture speed is constant across the entire fault, and the rise time does not vary within the
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large slip asperity regions. The GP ruptures on the other hand incorporate significant variability in
the specification of these parameters, as well as partially correlating these with the spatially
heterogeneous slip values. Based on these features, we created a modified version of the IM
approach such that the rupture speed is increased on the asperity areas by 20%. Due to the coupling
of rupture speed and slip velocity function in the IM method, the increase in rupture speed also
resulted in a 16% decrease in rise time, and a 9% increase in peak slip velocity in the asperities.
Figure 4.4.1-7 plots one realization of the modified IM approach, which we refer to as IM-fastRS.

We generated 10 realizations of the M6.7 scenario using the IM-fastRS approach and ran
simulations with these in the exact same manner as was done for IM and GP. We then computed
RotD50 values and generated GOF comparisons using the NGA-West2 GMPEs. The GOF for the
IM-fastRS rupture simulations is shown in Figure 4.4.1-8. Compared to the GOF for IM (Figure
4.4.1-6, right panel), the IM-fastRS result shows slightly stronger motions (downward shift of the
bias level) for periods less than about 1 sec, and a much larger downward shift for periods great than
1 sec. The slight increase in shorter period ground motion levels is not unexpected since the Graves
and Pitarka (2010) high frequency simulation approach uses the rupture speed to scale the subfault
corner frequency, which in turn controls the level of high-frequency motions. Thus, the increase in
average rupture speed translates directly into an increase in high-frequency ground motion levels.
Likewise, the increase in longer period ground motion levels is not unexpected, although the
magnitude of the ground motion increase in the 1 — 3 sec bandwidth (about 30%) is significantly
larger than the 20% change in the rupture speed. We suspect that there is a combination of factors,
which are contributing to this ground motion increase. In particular, the increase in peak slip velocity
coupled with the increased rupture speed across the large slip asperity time compresses the longer
period ground motion radiation into a shorter duration pulse. This can strongly increase the ground
motion levels, especially for near fault sites such as those considered in our simulation experiment.
A test with increased rupture speed by only 10% produced similar effects but the impact on ground
motion amplitude was weak.

In order to examine the distance dependence of these features in more detail, we have separated the
residuals into different distance bins (Table 4.4.1-3). Figure 4.4.1-9 plots the residuals in these
distance bins for periods of 0.1 to 10 sec for each rupture model. Also shown in these plots is the
range of the individual GMPE medians for each period. While a value of zero on these plots
represents the average of the median values from the four GMPEs, the spread of the GMPEs varies
greatly as a function of period, and in particular, it shows a noticeable increase with increasing
period. This degree of variability suggests caution when comparing the simulations with the
individual GMPE values.

There are several trends readily apparent from the plots in Figure 4.4.1-9. First there are actually
very few places where the median residual lies outside of the maximum-minimum spread of the
GMPE medians. This is encouraging because it indicates that all of the rupture generators are
producing results that are generally in agreement with the empirical models. Secondly, there are very
similar trends that are seen across all models for periods less than 1 second, for example, under-
predication at very short periods and slight over prediction around 0.5 sec. Since this is present for
all three models, it shows that the high-frequency approach in Graves and Pitarka (2010) tends to
smooth out the differences in the different rupture approaches, and the resulting variability is
embedded within the stochastic phasing of the method. Thirdly, the variability of the IM and IM-
fastRS results is larger than GP, particularly for periods above 1 sec. This is likely due to the large
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discrete asperities in IM and IM-fastRS compared to the more heterogeneous slip distribution in GP.
Thus, asperity proximity, as opposed to simply fault distance, has a much stronger impact on ground
motion levels in IM than in GP.

In order to better understand and quantify the ground motion variability produced by the different
rupture model generators, we computed the standard deviation of simulated ground motion (sigma)
and analyzed its variability as a function of period and distance. Again, we grouped the stations into
different distance bins so that we could get enough observations to perform the statistical analysis of
sigma. The distance bins and number of stations in each bin are shown in Table 4.4.1-3.

For each distance bin and period we computed the standard deviation (sigma) of simulated spectral
acceleration. We then calculated the average sigma over ten rupture realizations for the IM, IM-
FastRS and GP models. Similarly, we calculated the median ground motion for each model, and its
standard deviation as a function of distance bin and period. The standard deviation of the median is
a way to measure how much the median value changes from realization to realization within each of
the three rupture generators. If each rupture realization produces the same median level of ground
motion then the standard deviation of median would be zero. This means no inter-event variability.
If the median level of ground motion changes dramatically from realization to realization, then the
sigma of the median would be very high. This would indicate large inter-event variability. The
variability of the median maps into the total variability across all simulations, represented by the
average sigma. We recognize the set of 10 realizations we have considered for each rupture
generator approach is a very limited sample. Furthermore, the current set of realizations only
considers variations in slip distribution, which neglects other important sources of event-to-event
variability such as changes in hypocenter and fault rupture area (static stress drop). These additional
factors would likely have a significant contribution to the simulated inter-event variability. Thus, we
regard the current estimate of inter-event sigma as a lower-bound value.

Figure 4.4.1-10 shows sigma (orange lines), average sigma (red lines) and sigma of median (blue
line) for IM, IM-FastRS and GP rupture generators. Using the statistical analysis shown in this
figure we drew several conclusions about ground motion variability simulated with 1M, IM-fastRS
and GP. First, the level of intra-event sigma is much larger than inter-event sigma across all
distances and periods, and for all three rupture model generators. However, we must use caution
when comparing absolute levels of intra- and inter-event for this limited set of simulations due to the
under-sampling of possible event-to-event variability mentioned above. Nonetheless, these current
results suggest that variations in slip distribution contribute only a modest amount to the inter-event
sigma, with the level being somewhat stronger for IM than for GP. Second, regardless of
modification for rupture speed, IM produces more variability than GP across all periods, especially
at the longer periods (>1 s) and closer distances (< 12km). The larger variability for IM and IM-
fastRS results from their smoother rupture process and simple and well-defined asperity areas. At
long periods and short distances these distinct source characteristics generate stronger local
directivity effects and consequently stronger ground motion variability depending on the relative
location of the station to asperities. The strength of this effect would likely be even greater had we
considered different hypocenter locations in our analysis. The long-period intra-event variability for
IM is strongest at near-fault distances, and then is substantially reduced beyond 12km. At those
distances the intra-event ground motion variability for IM approaches the level found for GP. Third,
although to a lesser extent, the larger variability for IM compared to that for GP at near-fault
distances is also present at short periods (< 1s). Part of the reason for this is that slip resampling on a
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coarser 2km x 2km grid, required by the high frequency modeling in Graves and Pitarka (2010)
method affects the IM and GP models differently. In the case of GP models it tends to reduce the
original small-scale spatial complexity of slip. Consequently the source contribution to short-period
ground motion variability is reduced. This explains the gradual increase of ground motion variability
with period at near-fault distances observed for GP models. In contrast, because of the geometrical
simplicity of the asperity area in IM models, slip resampling does not modify the spatial
characteristics of the original slip, and therefore it has a smaller impact on simulated ground motion
especially at short periods. At those periods sigma for IM models remains roughly constant at all
distances.

4.4.1-11



4.4.1 REJEMEZ FFORMALTRIEE 7 /L DR

Conclusions

In this study we investigate the transportability of the IM2011 asperity-based kinematic rupture
model generator into the simulation framework used by the Southern California Earthquake Center
broadband simulation platform. For this purpose we implemented IM2011 within the hybrid
broadband ground-motion simulation methodology of Graves and Pitarka (2010), which is one of the
simulation approaches currently installed on the SCEC BBP. The performance of the IM2011
rupture model was investigated by comparing ground motions simulated using this approach with
those obtained from the GP2016 rupture generator and NGA-West2 GMPEs for a suite of
realizations of a hypothetical M6.7 crustal earthquake embedded in a hard-rock velocity structure.
Despite conceptual differences between the two rupture generation approaches the simulations show
both models produce ground motions that are similar to those obtained from NGA-West2 GMPES
across the period range 0.1 to 10 seconds. The largest difference found for this M6.7 scenario is in
the period range 1 — 3 s where the IM ground motion amplitude is somewhat lower (~20-30%)
compared with both GP2016 and the GMPE medians. One possible cause for this band-limited
discrepancy is related to the assumption of constant rupture speed over the entire fault made in
IM2011. In contrast, GP2016 uses spatially heterogeneous slip and by association heterogeneous
rupture speed, and these rupture parameters contain deterministic and stochastic features that are
modeled using magnitude and depth dependent empirical relationships. We found that the amplitude
of ground motion produced with IM in the 1-3 s period band is sensitive to the rupture speed across
the asperities. Increasing the asperity rupture speed by 20%, produces ground motions closer to both
the GP results and the GMPE median. Further testing is needed to determine how this modification
can be generalized to other rupture geometries and magnitudes, and other velocity structures.

Another important observation made in this study is that the IM model produces larger intra-event
ground motion variability than the GP model, particularly for periods greater than 1 s. This is likely
due to the discrete asperities in the IM model compared to the more heterogeneous slip distribution
in the GP model. Consequently, the asperity proximity, as opposed to simply fault distance, has a
much stronger impact on ground motion levels in IM than in GP. We also find that event-to-event
variations in slip distribution only contribute a modest amount to the overall level of ground motion
variability (sigma). The amount of variability due to this effect is slightly larger for IM than for GP,
which again is likely due to the use of large discrete asperities in the IM approach. Furthermore, we
recognize that there are other important sources of event-to-event variability that we have not
considered in the current study, most notably changes in hypocenter and fault rupture area.
Incorporation of this additional variability in the simulations would probably result in a significant
increase in the level of inter-event sigma, and this topic is the subject of future work.
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Figure 4.4.1-1. Map of station locations (blue circles) and fault trace (red rectangle) for the M6.7
scenario earthquake simulations. Star indicates the rupture initiation location projected on the free
surface.
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Figure 4.4.1-3. Left panel shows comparison of slip velocity functions in the large slip asperity area
(red trace) and background fault area (blue trace) for the IM2011 model. Right panel shows slip
velocity functions for 3 locations on the GP2016 rupture (locations indicated in Figure 4.4.1-2). For
the GP rupture, locations 1 and 3 both have the same final slip of 200 cm, and location 2 has 83 cm
slip.
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Figure 4.4.1-4a. Comparison of broadband (0 -20Hz) acceleration time series simulated with the GP
(blue traces) and IM (red traces) rupture models shown in Figure 4.4.1-3.
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Figure 4.4.1-5a. RotD50 horizontal pseudo-spectral acceleration for 10 random realizations of the
scenario M6.7 earthquake computed using the GP method (gold circles) compared with estimates
obtained from four NGA-West2 GMPEs. Median values for GMPEs are shown in solid lines with
dashed lines indicating +/- one standard deviation (total sigma). GMPEs are ASK14, Abrahamson et
al. (2014); BSSA14, Boore et al. (2014); CB14, Campbell and Bozorgnia (2014); CY14, Chiou and
Youngs (2014).
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earthquake simulations averaged across ten realizations generated with GP (left panel) and IM (right
panel) ruptures. The residuals used to determine the goodness of fit are computed between the
simulations and the average of the median values from the four NGA-West2 GMPEs.
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Figure 4.4.1-7. Example rupture generated with a modified version of IM (IM-fastRS) where the
rupture speed is increased by 20% within the asperities (left panels). Slip velocity functions for the
modified IM rupture taken from the largest slip asperity and background locations (right panel).
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Figure 4.4.1-9. Residuals computed between median GMPE and simulated RotD50 ground motions
and plotted as a function of the oscillator period for different distance bins. Results are shown for
ruptures generated with GP (left panel), IM (middle) and IM-fastRS (right). Median GMPE values
are determined across the four NGA-West2 relations for each period and station distance. The light-
shaded region in each panel denotes the maximum and minimum deviation of the individual GMPE
medians across the range of periods. At each period, the median residual across the 10 simulated
realizations is denoted by the square symbol with the error bars indicating the one standard deviation
level of the residuals.
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Figure 4.4.1-10. Standard deviation of simulated ground motion (orange traces), average standard
deviation (red traces) and standard deviation of the median of simulated ground motion (blue traces)
for IM, IM-fastRS and GP rupture generators. Each panel represents statistics obtained for the
different distance bins indicated in each panel. The number of stations included in each distance bin
is shown in parentheses.

Table 4.4.1-1. Fault Rupture Parameters

Magnitude 6.7

Strike 0°

Dip Angle 75°

Rake Angle 25°

Fault Length 32 km

Fault Width 16 km

Depth to the Top 3 km
Subfaults size 100m x 100m
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Table 4.4.1-2. 1D Velocity Model

Depth (km) V, (km/s) Vs (km/s) Density Qp Qs
(g/cm?’)

2.5 45 2.6 2.4 300 200

20.0 6.0 3.5 2.7 500 300

30.0 6.7 3.9 2.8 2000 1000

Half space 7.7 4.4 3.2 2000 1000

Table 4.4.1-3. Distance Bins

Distance Bin (km)

Number of Stations

5-6 8
6-7 8
7-12 6
12-22 17
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Introduction

The objective of this study is the simulation of strong ground motion from the 2016 Kumamoto
earthquake, using the method of Graves and Pitarka (2015) (GP) and a characterized kinematic
rupture model generated with the Irikura recipe (Irikura nd Miyake, 2011). GP is a hybrid method
that contains three major parts. The first part is the kinematic rupture generator, the second is the
ground motion simulator, and the third part performs empirical corrections for local site effects.
Figure 4.4.2-1 shows the flowchart of the GP method. GP has been validated against recorded
ground motion from several Californian earthquakes (Goulet et al., 2015). The method has not been
fully tested against Japanese earthquakes, yet. GP uses a deterministic approach in computing the
low frequency part of ground motion (<1Hz) and a stochastic approach (Boore 1983)in modeling the
high frequency part of ground motion (>1Hz). For simulations performed in this study we
substituted the GP rupture generator with the rupture generator of Irikura and Miyake (2011) (IM).
IM follows a well-established scheme, calibrated with Japanese earthquake data. In a recent study
Pitarka et al (2017) demonstrated that both GP and IM rupture generators perform equally well in
the framework of the GP simulation method for moderate magnitude (M6.7) earthquakes. This study
is a first attempt at applying the combination of GP method with the IM rupture model to simulating
ground motion from a Japanese earthquake.

Characterized Rupture Model of the 2016 Kumamoto Earthquake

We used the Irikura recipe to produce a characterized rupture model for the M7.0 2016 Kumamoto
earthquake. The fault length is 44 km and width is 18 km which yield a surface rupture of 792 km?.
The fault dimensions, as well as fault geometry were based on the fault rupture model proposed by
Yoshida et al.,(2017). Their model was derived from the linear inversion of strong ground motion
waveforms, performed in the frequency range 0.1-1Hz, using site specific 1D Green’s functions.
The fault model includes four segments that dip to the north-west of the fault trace. The faulting
mechanism is predominantly of strike slip type. Figure 4.4.2-2 shows the location of the fault
segments and seismic stations used in this study.

The main rupture parameters derived from the Irikura recipe are shown in Table 4.4.2-1. Based on
the fault area scaling the recipe suggests two asperities with different kinematic characteristics and
size. The average stress drop is 3.81 MPa, and average slip is 2.77 m. Since the objective here is to
test the performance of the simulation scheme as well as that of the characterized rupture model at
reproducing the recorded motion on a broad frequency range, the location of the asperities was
chosen to be similar to that of the strong motion generation areas (SMGASs) proposed by Somei et
al., 2017. Their SMGAs based model explains very well the overall broad-band characteristics of
the recorded near-fault ground motion. In our model the small asperity was placed in the first fault
segment while the second asperity extends to both second and third fault segments. The kinematic
rupture parameterization was performed following a two-step procedure. At first, the kinematic
rupture model was generated for a planar fault geometry, and in a second step it was adopted to the
target segmented fault geometry. No time delays were introduced when the rupture jumps between
the fault segments. Following results from previous studies of the Kumamoto earthquake ( e.g.,
Yoshida et al., 2016) the rupture velocity was set to a constant value of 2.8 km/s. In contrast to the
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SMGA’s based rupture model, the asperities rupture initiation times and locations used in our model
were not preassigned. Figure 4.4.2-3 shows the characterized rupture model used in our simulations.

Source Path Local Site Effects
Fault rupture Model LF: 3D, 1D Linear LF and HF Empirical
with multiple anelastic simulations summation corrections based
asperities IM2011 HF: Stochastic GFs Match filter 1Hz on Vs30for SC

v

BB Acceleration
Time History

Slip (cm) 69 /78 /14!

IM2011 3D-FDM HPC

W ikm)

Figure 4.4.2-1. Flowchart of the Graves and Pitarka (2015) ground motion simulation method.

The underlying assumption of the characterized rupture model of Irikura and Miyake (2011) is that
low frequency and high frequency parts of ground motion are generated mainly from the same
rupture areas that are modeled as rupture asperities. This means that the slip and slip velocity are
considered to be strongly spatially correlated. Observations show that while being strong for small
and moderate earthquake, the correlation is weaker for M7 and larger earthquakes. Doe to the
change in geophysical and rheological properties of the crustal material with depth, the shallow
materials are less brittle. They can be characterized by weaker strength and weaker frictional
properties than the deeper ones. Consequently, for large crustal earthquakes, which usually break the
surface, the fracture energy consumed during the rupture propagation through shallow layers is
relatively high. Therefore, the seismic energy generated by the shallow part of the fault is reduced.
Moreover, the weakening of the surface material decreases the rupture speed and increases the rise
time of the slip velocity. In addition, the reduction of peak slip velocity causes the amplitude
reduction of the high frequency part of ground motion, typically observed during large earthquakes
at short fault distances.. This phenomenon is well reproduced by spontaneous rupture modeling and
multicycle simulations of long earthquake sequences (e.g., Pitarka et al., 2009 ; Dalguer et al.,2004).
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Figure 4.4.2-2. Map showing the fault trace (black lines), fault segments (dotted rectangles) and
strong motion stations (blue circles). Red star indicates the epicenter location.

Strong Ground Motion Simulation Results

In computing the low frequency part of ground motion we used site specific 1D Green’s functions
calculated with 1D velocity models proposed by Yoshida et al (2016), and the frequency wave
number method of Zhu and Rivera (2002). The fault area was divided into 200mx200m subfaults,
and the subfault response was computed using a double-couple point source located at the center of
the subfault. This refined source representation allows for accurate modeling of local rupture
directivity.

The overall goodness of fit between the recorded and computed RotD50 (Boore, 2010) acceleration
response spectra is shown in Figure 4.4.2-4. The model bias, computed as the log of the ratio
between recorded and simulated acceleration response, as a function of period and averaged over 19
stations, is rather small at all periods. This result suggests that on average the simulation reproduces
the overall characteristics of the recorded motion. In the GP method, the amplitude of the simulated
high frequency ground motion is mainly controlled by the stress drop parameter. For the simulation
shown here the stress drop parameter was adjusted to 6.5MPa. For comparison, the stress drop
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parameter used in simulations of earthquakes in California is 5MPa, and for earthquakes in Central
and Eastern US is 100-200 MPa. In terms of stress drop, our simulation suggests that the Kumamoto
earthquake is similar to strike-slip earthquakes in California.

SEGMENT: SEGMENT2 SEGMENT3 SEGMENT4
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5 300
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Figure 4.4.2-3. Characterized rupture of the 2016 Kumamoto earthquake obtained with Irikura and
Miyake (2011) method: slip distribution (top panel), rise time (middle panel), rake vectors (bottom
panel)

The comparison of the RotD50 acceleration response spectra at individual stations is shown in
Figure 4.4.2-5. We concluded that the simulation performs better at near-fault sites, in particular, at
sites located to the north west of the fault. The worse fit is obtained at station KMMO004 where the
1D approximation of wave propagation underestimates the 3D wave propagation effects due to
complex underground structure at the Aso volcano caldera. Similar misfit is obtained at KMMO002,
for periods longer than 1s. Our interpretation of these results is that the deficiency in long period
energy of simulated ground motion is caused by combined weak directivity effect in the fourth
segment of our fault model, and misrepresentation of potential strong 3D wave propagation effects
by the 1D Green functions computed for this site.
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Figure 4.4.2-4. Goodness of fit for RotD50 horizontal response spectra using 19 stations. Red line
shows the bias and dotted line shows the standard deviation of the bias.

The comparison of the acceleration and velocity time histories at all sites is shown in Figure 4.4.2-6
and Figure 4.4.2-7. The characterized model proposed here was simply based on the Irikura recipe.
No attempts were made to improve the waveform fit by performing a complete study of the
goodness of fit and its relation with the input parameter space. We recognize that in order to get the
best waveform fit, the model should also contain details of rupture kinematics, including accurate
asperities location and slip velocity distribution. From this point of view the waveform fit, and that
of response spectra, obtained here, is satisfactorily.

The individual contributions of the rupture segments to simulated ground motion at selected stations
is shown in Figure 4.4.2-8. In this figure we show acceleration time histories, computed at station
KMMH16, located in the Mashiki town, and station KMMO0O5 located further to the east. The
waveform fit is very good at KMMOO05. In contrast, the waveform fit at KMHL16 is rather poor, even
though the fit of the response spectrum, which is affected by the overall characteristics of the ground
motion, is very good. The ground motion recorded at these near-fault stations is largely affected by
the source process. The simulation of the asperities contribution shows that both asperities have a
significant effect suggesting that the recorded ground motion at the near-fault sites is a product of
both forward and backward local rupture directivity effects.

Conclusions

The ground motion simulation of the 2016 Kumamoto earthquake at 19 strong motion sites, using
the GP simulation method and a characterized rupture model produced with Irikura recipe,
performed satisfactorily. The bias between the recorded and simulated Rod50 response spectra is
small in the considered frequency range 0.1-10Hz. Our preliminary analysis of ground motion
sensitivity to rupture model indicate that the characterized model is very robust. Analysis of the
effects of the asperities location and rupture velocity are expected to improve the overall waveform
fit especially at station KMMH16 which, as shown here, is very sensitive to details of the local
rupture kinematics. The analysis will be part of a future study aiming at understanding the separation
of areas of large slip from areas of large peak slip velocity, and their effect on simulated ground
motion.
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Figure 4.4.2-8. Contributions of individual fault segments to simulated ground motion at near-fault
stations KMMH16, and KMMOQO05. Black traces show the recorded acceleration, and the red traces
show the simulated acceleration. The other traces show the individual contributions.

Table 4.4.2-1. Parameters of the characterized rupture model

Asperity 1 (segment 1)

Asperity 2 (segment 2)

Length : 7.5 km
Width: 7.4 km

Vr: 2.8 km/s
Slip:192.2 cm

Stress drop : 14.78 MPa

Length : 7.2 km

Width : 8.6 km

Vr: 2.8 km/s

Slip : 313.8 cm

Stress drop : 14.78 MPa

Asperity 2 (segment 3) Background Area
Length : 10 km Slip:0.9m

Width : 8.6 km Stress drop : 2.92 MPa
Vr: 2.8 km/s

Slip : 313.8 cm

Stress drop : 14.78 MPa
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Th D,
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4.5.1 NGA-WEST2 & g =

# 4.5-1 NGA1 B L O'NGA2 X THWOL LA /NT A —X

Parameter BAO7 !BSSA14] CBO7 { CB14 | CY08 | CY14 | ASO8 ! ASK14| 107 14

Moment magnitude Mw Mw Mw Mw Mw Mw Mw Mw Mw Mw

Depth to top of

— — Ztor Ztor Ztor Ztor Ztor Ztor — —
rupture (km)

Reverse style—of—

\ FRV FRV FRV FRV FRV FRV FRV FRV FRV FRV
faulting flag

Normal style—of-

. FNM FNM FNM FNM FNM FNM FNM FNM — FNM
faulting flag

Strike—slip style—

of—faulting flag SS SS B SS o SS o SS o SS

Unspecified style—
of—faulting flag

Aftershock factor — — — — AS — FAS FAS — —

Dip (deg) — — Dip Dip Dip Dip Dip Dip — —

Down—dip rupture
width (km)

Closest distance to

— — Rrup Rrup Rrup Rrup Rrup Rrup Rrup Rrup
rupture(km)

Hor. dist. to

. Rjb Rjb Rjb Rjb Rjb Rjb Rjb Rjb — —
surface proj. (km)

Hor. dist. from edge

of rupture (km) — — — Rx Rx Rx Rx Rx — —
Hor. dist. off end of

rupture (km) Ry0

Hanging Wall Flag — (RJB) — FHW FHW FHW FHW FHW — —
Average shear—

wave velocity in VS30 | VS30 | VS30 : VS30 | VvS30 | VS30 | VS30 ; VS30 — VS30
the top 30m(m/s)

Depth to VS=1.0 . . . . .
km/s (k) Z1.0 Z1.0 Z1.0 Z1.0 Z1.0

Depth to VS=2.5 . . . . . . . .
km/s (km) 225 225

VS30 for reference| ;65 1 760 | 1100 | 1100 | 1130 | 1130 | 1100 | 1100 | — —
rock (m/s)

Hypocentral depth . . . . o . . . .
(km) Zhve

Directivity term — — — (Zhyp) — DDPP — — _ _
Regional variations — Region — Region — Region — Region — —

4.54




4.5.1 NGA-WEST2 & g =

# 4.5-2 NGA2 HBERGERTHW B i 5 Hisilf 51

Region codes ASK14 BSSA14 CBi4 CY14 114
Global
California Base Base Base Base
China Linear R term, |Anelastic Anelastic Anelastic
no Vs30 scaling |Attenuation Attenuation Attenuation
Italy Anelastic. Anelastic' Sigma
Attenuation Attenuation
Anelas.
Linear R term, Anelas. . Attenuatlf)n, Basin depth,
Japan Vs30 scaling atte.nuatlon, shallow site sigma
basin depth effects, and
basin effects
New Zealand
Anelastic

Turkey

Attenuation

4.5-5




4.5.1 NGA-WEST2 & g =

# 4.5-3 NGA2 FRBERERTHW SN D 28T X — Z &

BAO7 [BSSA14{ CB07 [ CB14 [ CY08 | CY14 | AS08 |ASK14]| 107 114
Mw_(SS) 30 ~ 85 30 ~ 85 30 ~ 85
Mw (RS) 30 ~ 85 33 ~ 80 35 ~ 80 30~ 85 5~
Mw (NM) 30 ~ 7.0 33~ 175 35 ~ 80
Rib ~300 ~300 ~300 ~150
Limen distance 200
Limen distance for | ~400 | ~400 200
American west 100
coast
VS30 150~1500 150~1500 180~1500 180~1000 450 ~
Z1.0 0~3 ~20
Z2.5 0~10
Zhyp 0~20
Ztor 0~20 0~10
dip 15~90

T 2T, SS,RS,NM 2 N AETAUIE & 1 7, W8 & 1 7. EWiJE ¥ A 7% 77, Limen
distance [XFFEREZ 1~ Z1.0 1% Vs=1lm/s @ _EFEFEE, Z2.5 13 Vs=2.5lm/s ® EHEES, Zhyp IX
RIRGE X, Ztor (X8 EIiORE TH 5, |

# 4.5-4 NGA2 ¥ L O] + 32)11(1999) D B 2000 PGA,PGV sl v 74

ASK14 | BSSA14 CB14 CY14 114 SM1999
PGA 0.28 0.26 0.25 0.29 0.28 0.25
PGV 0.30 0.28 0.25 0.25 0.23
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@ 2016 FFREAHECRER) OBLNINE & BREER RN L O gk

O 2016 FREAMEARE)OBLINE & HEEERHGZZC & O g

2016 FREAHIER(RRER) & IR N L O 21T o 72, eI 7o BERfEc U, w) - 22
JI(1999)D PR, NGA-WEST2 @ 5 SDOHHHRERD 6 > Th 5, 7B, pilkL7-k)
(2, NGA-WEST2 ik 7 2D Idriss 7 /v— 7 O B = U2 IX PGV ICBE T 2 FEik 23 e\ 7=
PGV FEBERGE R EIC DWW T 5 D O FEREEERE S DB 2 5,

2016 EREAMEB(AE) IE LIZBIEE T L O &3 4.5-5 [TRT, $EITI3AES DMz
T V(FERERD DESS Lz, K 4.5-1 ([ZWTfERE L0 15 5 AL 5 Wil O BlE (R & B E
() &7, B EERERCR R & O i 2 I3 E AL (K-net) 35 L OV iR R BLHIE (KiK-net) D HiZk
BHFLERD PGA, BLUPGV % A=, Wi oBRS O E(ER =A) %K 4.5-1 [I2RT,
KX, 2L L7 - 2111999 L 5 Tl PGA i & 0fft L T\ %,

F 72, NGA2 FEEE = THW D Z1.0(VS=1.0kn/s), 35 X O Z2.5(VS=2.5km/s) D% & 14 J-SHIS
DY AR HEF L=, VS=1.0km/s, 3L VS=2.5km/s DJE N2 WA, 5 VS i
EMF LT, AN VS=1.0km/s, F7-1F VS=2.5km/s Z 2 7R S & LTz, Rx BEL U Ry | z@%
455 R LEWRBET LD LEE LTS, CYI4 TEAINTWDET ALY T 4 ET 1 -

7 A—4% DDPP [ IAMGT CILEEMICZ 0 (T4 L7 T4 BT 4 DIRICK DMIEZBE L2
& U7z, FEEEROR A & O M2 134 B U C A E 2 4t — 7 5 72 DI Rjb=100km LA & u‘:o

4 4.5-2(a)~(H)IZ 2016 FFREA MR (AR OB PGA D FEBERERE & 6 DO BEER=ERIC
2 THMED PGA BRBERCEFFIE D Hl 2 753 (a)~ (@)l 27 LT 2 R 2UE, AVS30=600m/s
DIEEEERA AR LT\ D, ks, RESIROFAN.S vIEE 72 BERER =0 (CB14, CY14, ASK14)
IZOWTIE, 22T EBED T A—% Fhw=0 & L, FEDEEZEL TR
F (4.52(b), (), (BH) LleoTnb, F7z, (DDOHEEEREZIX Rock Site DB
Thd, BLTTr Y bINLTWDHEKIOBH PGA 1, AVS30=600m/s & 7225 K 5 1245 FERER
FADHAREIRE CHIE SN TV D, X B REFITEF DK 10km LIN OBLHI PGA DIE L A L1
NGA2 RIS L O] - 22)11(1999) D BB X O MER AN E > TV b,

Wi s OB R OALE(ER =) & . ZBITOFE LA - 2119992 K 5 4R PGV i &
4 4.5-3 127”9, X 4.5-4(a)~(e)IT 2016 FREAHZE(AR)DOBLH PGV O HHREEHRRFE L 5 5D
FERERC= U L 5 PHMED PGV BRBERERMEZ RT, ek, i L7z X 912 CB14, CY14,
ASK14 22\ TIE, FBHFEFEhwW=0)ZZE L T\, 2, BATrry hERT054%
M OB PGV X, AVS30=600m/s & 7225 X 9 (2K HHBEREE A o MR EIEE TR E ST\ b
PGA & [RIEEIC, IR OK 10km AN OBLH PGV DIF & A E1E NGA2 Bl = L O -
211(1999) D FEEERFE S OMEHEF ZZLINICILE - TV 5725, ASKI4, CB14, CY14 O
Rid, BHMEIZ AR TR/ NI & 72> TV D,
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@D 2016 EREAHIE R OBIHIE & FERER = & o Hoi

# 4.5-5 2016 FREARHEARE)OWIEET T /L DET

CTIAGL FUTAGAWA | FUTAGAWA | FUTAGAWA
parameter unit (WEST) (CENTER) (EAST) Total
H F3 F2 F1

Strike 6 ° 205 226 236 40 -

Dip é ° 72 77 65 75 -
Length L km 8 12 12 12 44
Width w km 18 18 18 18 18

Area S km? 144 216 216 216 792
upper Depth Hs km 0.5 0.5 0.5 0.5 0.5

Seismic Moment | M, Nm - - - - 4.42E+19

4.5-8



@ 2016 FREAMIER CAFR) OBUANE & FRAERGR N & D ik

33°30'

3315

33°00'

32°45'

32°30'

32°1%'

32°00'

130°00' 13015 130°30' 130°45' 131°00' 131715’ 131°30' 131745’

0 200 400 600 800 1000 1200 1400 1600 1800
PGA(cm/s?)

4 4.5-1 2016 FEREARHIE(ORE) OWiE & BISORE, 35X 0% - 2)11(1999)0 BEHEH
2 & 5 2016 FREAHE(AE) O Tl PGA 434
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@O 2016 FREAHE RE) OBLHIE & AR 2 L o ik

1000 1000 L

= =
0 L
S ]
© © 100
® PGA-surf AVS30=600m/s ® PGA-surf AVS30=600m/s
——— BSSA145urf(VS600) ASK14Surf(Vs600) ‘
10 1 | 10 1 |
1 10 100 1 10 100
Rjb Distance(km) Rupture Distance(km)
(a) BSSA14 (b)ASK 14
1000 1000 ®
= =
L &0
% )
S 100 S 100
@ PGA-surf AVS30=600m/s ® PGA-surf AVS30-600m/s
—— CB14Surf(Vs600) CY 14Surf(VS600)
10 I | 10 I |
1 10 100 1 10 100
Rupture Distance(km) Rupture Distance(km)
(c) CB14 (d)CY14

4.5-2(1) 2016 FREAHFR(AFE) OB PGA & PGA BRI X0 Hig
R - AR E X OEERE (£ 4.54 281)
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@O 2016 FREAHE RE) OBLHIE & AR 2 L o ik

PGA(gal)

1000 1000
=
20
<
100 Y 100
® PGA-surf AVS30=600m/s | ® PGVsurf(RockSite)
——— 114Surf(VS600) 5 M 19995urf(VS600)
10 \ 10 | |
1 10 100 1 10 100
Rupture Distance(km) Rupture Distance(km)
(e) 114 (D7) - #)11(1999)

4.5-2(2) 2016 FFREAHIEE(AEE) DO BLH PGA & PGA FEER 0 ik
iR - AR X OEERZE (3 4.5-4 20)
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@O 2016 FREAHIEE (A5) OBLAIME & BB L Dk

33730’

33'15'

33700

32°45'

32°30

32°15'

32°00" B——
130°00' 130°15' 130°30’ 130745’ 131°00° 131°15' 131730 131745’

0 20 40 60 80 100 120 140
PGV(cm/s)

45-3 2016 fEREAHIEER(AT) OWE & RS ORLE, 5L O] - 2J11(1999)0 FEEEH T
£ 5 2016 FFREAHE(ARE)D THI PGV 5347

4.5-12



@

2016 FREAMIER (AR O BLAIME & i & o ik

(c) CB14
4.5-4(1) 2016 FREAHEAE) OB PGV & PGV = XD ik

iR« AR NOIR R 2 (% 4.5-4 )

4.5-13

100 — 100
2 £
= =3
> >
E 10 E 10
® PGV-surf AVS30=600m/s ® PGV-surf AVS30=600m/s
—— BSSAL4Surf(VS600):0=0.17 ASK14Surf(VS600)
1 I 1 I |
1 10 100 1 10 100
Rjb Distance(km) Rupture Distance(km)
(a) BSSA14 (b)ASK 14
100 o 100
o o
\.\ o
AN
~ *Neo®
— \ —
£ \ £
= =
G 10 3 10
a o
® PGV-surf AVS30=600m/s ® PGV-surf AVS30=600m/s
——— CB145urf(VS600) CY14Surf(VS600)
1 \ | 1 I
1 10 100 10 100
Rupture Distance(km) Rupture Distance(km)
(A)CY14



@O 2016 FREAHIEE (A5) OBLAIME & BB L Dk

100 o =
o 10
=
=
>
(U]
a
1
@ PGVsurf(Vs600)
=51 19995Urf(VS600)
0.1 1
1 10 100

Rupture Distance(km)
(e)w] « 2J11(1999)
4.5-4(2) 2016 FREAHFR(ATE) OB PGV & PGV BREEHEEAD Lk
filiR - A PEHERCR A OIEERZE (K 4.5-4 1)
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@ 2016 EREAHIECRER) O A FHE R A & BREERR A L D Higk

@ 2016 FREAMERE) O HAFHERE R & = & o g

2016 FFREAHIE(AER) OB AL S LS\ 2 PGA, 3L OPGY & HhEEH =R L
D 2T > 7o, I - BB U, BLRIE & O i Th 2O & FIERIZ, PGA FEEER
FRFPEICOWTIEF] » 32)11(1999)D BEEER ., NGA-WEST2 @ 5 SO =X 6 > TH
D, PGV EBERGE R SV T I Idriss 7V — 7 &2 DO ZF W= 5 SO IR R & ORIz 5,
728, NGA2 =X CHW % Z1.0(VS=1.0km/s), 3L N Z22.5(VS=2.5km/s)DIES X, 2T
TEAHEEHREICH O N I TTEEE T L ERBIC LT,

4 4.5-5 [ZFHEAE R O PGA A 27, KINZIE, W@ o) 15 64 5 WrfE OBlE (R FE
). RN ECR)R X OGRS OMEGL)Z R T, K 4.5-6(a)~{)IZ 2016 FREARHEAR)
DFHE D PGA BEBERERHE & 6 DO REBERRAUZ K 5 TR D PGA FEBERCEERED ik & 7~
T (@) ~NIR L TV A IEEERE L, AVS30=600m/s D=4 R~LTW\W5, £7-, bk
A2 SR D A 8 AT RE 72 BEBER = 0 (CB14, CY14, ASK14) ([2oWTiE, D& FfC HEzhE%
EBREL TR (X 4.5-6(b), (o), (ZH) . £7z, (HDOEBEREEIZ Rock Site D AT
Ho, BATTE Y FENTHDEERXO PGA 1E, AVS30=600m/s & 725 L 9 (& kR0
MR BRI CHIE STV b, XD, BSSAL4 ZBrE, EIFITEEOK 10km AN OFHE PGA
DIFE A LT NGA2 BEBfERR U3 X OVE] « 32)11(1999) 0 BEEERRE N OAFHER 22 LN IZINL E - T
AV

4 4.5-7 \ZFHEAE R O PGV 53Af 2 7~ 37, IKIZIL W@ 78 T 0> 15 B AL 5 W8 OBLE (F480).
BEIRAE () L OGRS DA EGL) T, X 4.5-8 (a)~(e)IT 2016 FREAME(AE) DA
® PGV HEERERE & 5 SO RIS X 2 FRIEO PGV BEEERGERE 2 R, KD
IR OF) 10km LINOFHE PGV DI & A E1E NGA2 Bl X O] - 22)11(1999) Dk
BB DR ZELINIZIL E > TV 523, BRBERCGR U0/ Nl & 72 > TR Y . ZofH

i, Qo EREEER & BLHME O g & S TH 2,

- FEEER O BRI R R E ST 2 FHE PGA B8 L UGHE PGV O SEEHE(R =4 £ 4.5-6
27”7, PGA FEEERRFFEZBERFHMICTE 201X 114 Tho7, —J7, PGV HEHERERFRE
ZHEIE R Rl TE 5 DIk SM1999 THh -7,
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@ 2016 HREAHIE(AKE) D HIY

FHRRR & RN & D i

130° 130.5 131° 1315°
| . \ | /;/W
Q@
2 /
335 : S - 33.5°
E;Mw
3|} i 3
A .
% HHRTG
Sigiannny
i
LA
325 - 325°
.
82" ! - l l \ 52
130° 130.5° 131° 1315°

0 100 200 300 400 500 600 700 800 900 1000110012001300140015001600

PGA

4.5-5 2016 FREARMEARE) L #HA (O) OBLE, 55102016 FFEREAME(ARE)D PGA

T Y T

RS RS
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@ 2016 FREAHECRTER) O BYFHRR R & BRI & D

1000 -
3 =
= 29
t) S
g S 100
® PGA AV530=600m/s ® PGA AVS30=600m/s
—— BSSAL4PGA(VS600) ASK14PGA(AVS600)
10 f T 10 f f
0.1 1 10 100 0.1 1 10 100
Rjb Distance(km) Rupture Distance(km)
(a) BSSA14 (b)ASK 14
1000 1000 -
3 f
%) 3
9 100 O 100
® PGA AV530=600m/s ® PGA AVS30=600m/s
—— CB14PGA(AVS600) CY14PGA(AVS600)
10 i 1 10 I 1
0.1 1 10 100 0.1 1 10 100
Rupture Distance(km) Rupture Distance(km)
(c) CB14 (d)CY14

4.5-6(1) 2016 FREAHER(AE)DFHE PGA & PGA FEEERIE 0D ik
R - & BB NOEHERZ (R 454 M)
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PGA(gal)

@ 2016 FREAHECRTER) O BYFHRR R & BRI & D

1000 -~ 1000 ‘
=
20
<
100 Y 100
® PGA AVS30=600m/s @® PGAsurf(RockSite)
—— 114PGA(AVS600) = SM19995urf(VS600)
10 1 I 10 1 I
0.1 1 10 100 0.1 1 10 100

Rupture Distance(km)

(e) 114

Rupture Distance(km)
(HF - 2)11(1999)

4.5-6(2) 2016 FREAHIE(ARRE)DFHHE PGA & PGA FREfHR o ik
il & BEEERCE N HER 2 (R 4.5-4 )
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@ 2016 FREAMBEORE) O HAFHEH T & B L O g

130° 130.5° 131° 131.5°
| - \ | /;/W
. R ¢
9 s
335 | 2. 'Mv\\ - 33.5°

33 F —33°

T
:
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32’ ‘ - ‘ ‘ ‘ 32’
130° 130.5° 131° 1315°

A — T \ \ o — \ine
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PGV

457 2016 FREAMBAE) L HELE (O) ORE, 3L TN2016 FFREAMIE(AE)D PGV
HT B M R B R SRR S AR
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PGV(kine)

PGV(kine)

@ 2016 FREAHECRTER) O BYFHRR R & BRI & D

100 -
v
£
=
3 10
a
® PGV AV530=600m/s ® PGV AVS30=600m/s
—— BSSA14PGV(VS600) . ASK14PGV(AVS600)
1 f 1 i i
0.1 1 10 100 0.1 1 10 100
Rjb Distance(km) Rupture Distance(km)
(a) BSSA14 (b)ASK 14
100 - 100 -
0
=
=
10 5 10
a
® PGV AV530=600m/s @ PGV AVS30=600m/s
. —— CB14PGV(AVS600) . CY14PGV(AVS600)
‘ f f i
0.1 1 10 100 0.1 1 10 100
Rupture Distance(km) Rupture Distance(km)
(c) CB14 (d)CY14

4.5-8(1) 2016 FREAHBEARE)DFHE PGV & PGV M=o ik
R - A5 BEERE O (K 4.5-4 )
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@ 2016 FREAHECRTER) O BYFHRR R & BRI & D

100
m
£
=
& 10
o
® PGVsurf(Vs600)
e SM 19995urf(V5600)
1 f f
0.1 1 10 100

Rupture Distance(km)
(e)7] + 3J11(1999)
4.5-8(2) 2016 FREAHFE(ARE)DFE PGV & PGV FEAfRE D Lk
R - SRR A OIEERE (K 4.5-4 )
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@ 2016 FREAHECRTER) O BYFHRR R & BRI & D

% 4.5-6 2016 FEREAMIE(ATE) DR PGA, PGV (25142 FREERE 200D seh Kk Y ffF 7=
}54Z |BSSA14| ASK14 | CB14 | CY14 114 |[SM1999

PGA 0.14 0.14 0.12 0.12 0.11 0.25
PGV 0.18 0.24 0.15 0.23 — 0.14
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@ 2016 FEREAMERCARR) O PR BIF G H & NFRD 21RO & O g

@ 2016 FREARHECRE) O HIHETFHH RS & NFRD 2R 08k & o g

KEFL(1998) 1%, FRIFGITE O MEERETT 57 1) CHiE IE 28Rk oy D £ JE 1 Ov A ﬁxﬁ@kﬁ“éfﬁ%
(Near-Fault Rupture Directivity %0, LA NFRD %53 & FERRS )25 H L, NFRD Zh5EH°
SNDHEMEET AL LTz, ARE CIEREM(1998)I2 &L 5 NFRD ZhRA A 545 % fJZ(uBnp
NFRD Zh A8 & FEFR T 2)0W2E B L, 2016 FREARMFEAER) O i 0 MR Eh FH RS IR o BEBERGE
Rt &, NGA2 OFEEEEEIC W T HREIREZEA L TS 3 DO THI(ASK14, CBI4,
CY14) (T ED X 9 BRI B 5 /& FH~TC, NFRD ZhEAEEIC 3 1) 5 B =X oo 3T A
A1 5,

77, 2016 FAEARHIE(ARE) O A HIERB) & 1 R0RE F o FEBERCR AR & NFRD 2) A58 O Btk
WZDOWTHIRD, X 4.5-9 12 2016 FREAHIEE(AE)DEFHAE PGA 35 L ORHA PGV 45341 12 KB
(1998)IZ & %5 NFRD #hH: D8Ik & FRHRECrd, X 4.5-9 128\ THRR C/R & 4172 NFRD 20 a8k
WNOFFEAE(PGA, PGV)2S, BREEREAEICB W CTED L H IckEN D%, HilE LT 4.5-10
(2R, MR ORIE, mAFHER RO 2FF A O PGA B X U'PGV TH v, ikt BSSA14
Z RO BREERCR U CRH W B0 T 2 BREERIE O Wi g A AR (Rupture Distance) T 5, 7R
LAY NFRD Zh Ak N O R 2 7”97, 7> 5 Wi @ 5 BT RREERD dkm LI O KN, KOHE
FHRADEBIRI N TS Z N b0d, 22T, £4.5-1 TRUE HBREFET 537 A—
% Rx, Ry0, Rjb ® 5 5 Rx, Ry % HV T, NFRD zhFa8E1k % 51t Lf;aﬁa&4ﬁ®¢ffr$1ﬁﬁj\%ﬁ
IZOWTHAR D, Ml RIEE 4.5-11 128 L 72 D L 9 12 NFRD #h R8Ik A 4 S OFEIZS
JTCTIT Y. BRBIICIE, Rx=0 & B, Rx<0 & FAE & L, Wik 0 sMill &2~ d Ry >0 &
W7 i T s = 0 PRI /Ta“ Ry=0 OFEITHr 1T 72, £ DRERIRD 4 SOFIKITH LI D,

I A R &WTE T L N (Rx=0, Ry=0)

FEIE B« HAR&WTIE G &AMl (Rx =0, Ry>0)

FEIE C : A& i & 0 NI (Rx<0, Ry=0)

FEI D TAR&MTE v L Y SMAl (Rx<0, Ry>0)

¥ 4.5-12 1Z[X] 4.5-10(a) T/~ 3" PGA BEBERCEFFM: 2 IS5 (b S 472 NFRD 20 a8k i o
PGA, [X4.5-13 1%[X] 4.5-10(b) T/~ 9" PGV FREEBORFHEZ X GIZ L7 PGV 2T, X 4.5-12 %
J O 4.5-13 7% NFRD ZhRFEBANIC IV T, Ik A, 85 C IZ K& 72 PGA, PGV BMFET S
WD, . Wi FEOME B 1T T B O A DR KE 2 PGA HBH W
1% PGV OAFTERHIFF S L7203, 2 DOFIKRIZI T 5 PGA, PGV /Al 36\ THRZE 7o FHIE 158
LRV, TOXIRFEKE LT, ARE LTEWEET AR EICEThE X 4 7 Thh | ER
FESTREIEIC K DWTE P L TIRDOZRN NS polc Z ERBEZ b D,

RIZ, NGA2 OFEREEEERIZI T 2 P REOMEM AR5 72012, NGA2 O 3 SO
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@ 2016 FFREAHECRE) O H A ES G HEHE R & NFRD 2h3E O & o g

IR (ASK14, CB14, CY14)& %512, X 4.5-12 38 L O] 4.5-13 T7x L7 NFRD ZhSRAHEIE N
® PGA, PGV & FEEZWVRIEDERIZOWTHIN D, X 4.5-14 1, #FHEREE=ERICK TS B
MEMER~T, K76, PGA, PGV iz, FHBHIEMEIZK 1.0~1.07 N TIEH 2\ TE Y RS
~8km IZBWT LV K ERS>TND Z ERNbnD, £12, TO M EEIZ PGV LV H PGA
DI MWETREV, LIBEORMFHIIS T 2 NFRD fHIAN O FARZHSIZ D TlE, NFRD fEHRA O
FHE HIS AN EERE 3km FREE E T PGA, PGV DZEALIZHOWTEET 5, $74bb, ZZ TrTH
HER =T FEERRIT B E L TRV 2 B RN T h 5 72, FHE PGA, PGV (Zxt
L CH 4. 5-14 1R S D S FATEME O Wi % 2 T A BN & FEEZ A D720 PGA,
PGV 3 DL %47 5,

7, ¥ 4.5-15(1)~153)IZ 24 NGA2 FERBEE=A ASK14, CB14, CY14 & EHHEAED PGA
PRBERCR R ME O el 2 0”9, ()l HAR IR 2 A IE 9 2 A1, (b1 E% (R R BRE S i)
® PGA PHBERGE A7, COERERERIT S LT MiE% O PGA FEEEN I E | 3
HA LT THY . FESROMIEMESEINEHE SN TND Z LD,

wIT, X4.5-16(1)~16(3)NZZ11LE 1 NGA2 FffE ==l ASK14, CB14, CY14 & FHHEAED PGV
PRRERCR R E O Hi 2 7R 9, ()X R R 2 M E T 2 A1, (b))l ER (HEBEZNR R E Sh7)
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5.1.1 2016 FFREARHIEARE (4 A 16 H 1 BF 25 43 Mima7.3)

51.1.1 XL

VNV FHA LT 4 RUEIC IO RO BN TEEET VT, BlMET RSN S, &
AN O R0 BERIBI AR D SN TS, 20X 9IS, TR0 BERIBIBNEEE ST A —
Z Lo TVWDEBRIRET NV EZEEFIERET VEWN IR, ZOFET /L TIET Y RFHE
¥ (B— A MEEEIBIED) IRDOLENTVDH L OO, ER TOMBEHRS A HE L TV DG
HZOWTIEHAHTH D, T2 T, AHFFETIE, FlZIE 1995 4 12 5 5 i S T O T 51
(Ide and Takeo, 1997)D X 9512, ZOERETNEAERSEMEL Lz L OE T olkEhiE % 3
ﬁm# NECKVEET L2 LT, I ORZAESCWE T L COZEN — )R &4

MZT D, ZIUTK Y, Wi OMEEETREE (strength excess) CEIFIIG /I T & (dynamic
stress drop), &St 9= ¥ & (critical slip distance, Dc) 72 & (X 5.1.1.1-2) ZH#EET 5.

Ide and Takeo (1997)i% Z @ F{ET 1995 I ET IR DT 21TV, T H DT R
— X ERIRMEO A =2 g URERDOHEE LTV DL E72, 1997 EREE S RALEE O
MRS 1997 4F (L D RALER O B I A U726 (e g - fil, 2005; =1 - 985, 2006) T,
Wik L CoOmMS IR T REHETE LT\ 5.

ZZTCIE, H3LI2(D)EITTH DAL 2016 FFREAHE 4 A 16 A AEOEB) FHIEIRET
NS LTSNS OREEZITV, FRROBIER/ T A —Z OHEEEITH .
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Source model obtained by inversion
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Static stress drop
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51.1.2 FiE

ABFIE T OIIT FIEZ OV TEHAT 5. EEZERREE T L TS TIREBR A TH 5
ZEnb, INERDLIZDIC, EEFEARIEETT V2SR &M LTRE T OB %
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DHEEERAZRO S (X 5.1.1.1-1). 156 BEEMERIN G, REBIITRED T
TRELEIND, K 51112TRTHENT A—F Th HBIERECHA T~ & De 72 ED
/)T A =2 R, MEHTHICHWL AT A—=2 2 LVBEEICALIZbDIZT S
ZEEHBICANTND.
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O FHRFE

ARFGETIX, WiEm B SRR OFFIZ 3 ot Es1E% V7o (Pitarka, 1999). Wt
JE IS DR AEOTE R TRE SN D (Graves, 1996). BVEVE th o Z8hr GHEE) —I&H (O
T ) AW ERR CRIAE T 203, ZOMEFOBRFEOMEIZE VT, EEFIERT
TNTHE 25T XY REHEBEKICHIET 5%/ — RTOR N ORLAEZ M A 5. B EO K
CBWTEHE SN DIEHE, BEOTRITHG LIS, AO04~0 hbiab 5
HofE LTRDOLEND., ZoIEhE, 52240 BORMROSEEEKAITHY, 4l
RKDOHEDOTHD., ZZCTEERI LIE, ZOECIEEN N FENRBEOHFIL 0T -
TWRWZ ETHY, EEEMERINIC iwﬁﬁéﬁm%kwfw@m
ISSISEOFEICEE L CiE, R EOREEA RS 570, # 3.1.1.2(D)HEI TRD 2 ERE
TNDA =23 RN TR A T LR 5 RS LOEIRMA 2 5 2 Tz biE
iz, $NCTFmrICERM L (¥5.1.1.2-1). PR L7zkEmiE, Eimae 90° &L
7o ST ORBEIITESEE W, EOEORE THWAATRIRIE, WEm s 250
EOTFRIRAXINT 2 L) ICEE L. BRA /13— 3 U TROTWEET LTI,
/NETTE DY 4 km X 2 km D FEIFE THLE SV TV 5. %k 9 5 X 912 ZOEIEET L O/NEiE %
A TN 1/16, EFF I 1/8 1IZHHM LT, 250 mX250 m O 7-RE Tk S 4 5 Wi
ETFNVE L. ZOMMULIEBEET VICHIET 5 X 910, BEREERTIHEIND ES
EOKHEZ, 250 mx250 mx250 m & L7-. W] AIci% 0.01 s IR CRMAE L, HuEsA
MOTRYBKET L, WEGNLET DETD 25 oaatHE L.
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@ ERET NV

3.LI2(D)ET TRl L7z, B0 ELLeEER) RO BB ZERE T V2 AW, Z0F
TV TIE, 4km X2 km O TOE—A > hORZIENRRD 5N T\ 5. WL 44 km
X18km DREXXT, XA LT 4> RUDOEIL T, Ver GB1 XA L7 ¢ 2 RUEHRIEE)
1Z 2.2 knv/s TRIDFRRICIEDS . #E— A2 FME47X19° Nm TH 5.

@ Al

WEAEMESE (CETHE - fil, 2005) IZHBWTC, BIRET V& ZNEOWREISGOEREM L LT
%mé%ﬂ,ﬁﬂ@I%@%#M%fhé_&@ménTmé.Kﬁnfﬁméﬁﬁ%%
BIRET VO FHRIZ4kmX2km THDH. T2 TELA LY 4 Fu T LIS, EHHN
BIRET VOO NETE & O Z /4 ) =7 crif L, EBFHERET L TORKT
FIRROM TOE— A MEZRD, b & OEFRIRE EMF I V16, HAFIZ 1/8 &7
%, 250 m FEIRRICAERE L Co Dt 2 T o 7. EEEMEET T L ClE, F—F A L0 1
R CHRAMEDE—AL MI 0 EBE, IMUTITHONIZTRDEN 0 LD LD ITRE
L7z, AV =THBEHAW-ZZ LT, £E0F—X 2 MIRESND.

@
e

A I
DIH

=
\11,
Y
\

ka

EROEETVICIL, £5.112-1I-THOE AW,
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5.1.1.2 FiE&

#5.1.12-1 HEMEET L.
Top Depth (m) Vp (m/s) Vs (m/s) Density (kg/m’) Q
0 4,800 2,800 2,700 400
1,500 5,500 3,200 2,700 400
2,000 5,800 3,350 2,700 400
5,000 6,000 3,460 2,730 400
10,000 6,100 3,520 2,740 400
15,000 6,400 3,690 2,760 800
20,000 6,500 3,750 2,780 800
25,000 6,800 3,900 2,800 1,000
30,000 8,000 4,600 3,450 2,000
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5.1.1.3 55

O T DEFfEIZAL,

B2 723 _R0BORLE L, 20 DatRE LTSN ELORELEE 6X6=36 EHOFH AL
TLICEEOTER LB O &K 5.1.1.3-1, 51132 CFNEhord. £, FHE Sk
B ETOTRYEEL, SO DO ATy 7y ay &K 5.1.1.33 1[IRT. 20
FERNG, FREONRTA—FERODID, ZNOEORZEFOLOTIEIMRARETHSH. K
HiLIE T, ZNENDONRT A=K Ekpatd 5.
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5.1.1.3 #EH

@ EEERER

X 5.1.1.3-4 12, #£%) ET%FEL;Aﬁéﬁf B ORI 30 BEEME R 2R
ZOKTIE, 6X6 8 ICHEAFEZZ LTS, 2095 bH, FERa %X 5.1.1.3-5 12,
SR Wu—mﬁ%%(ﬁﬁ%m%)%#kbfrﬁ K2 HE B3R K5I, EEERERK
Rl 77 7 OIRIE, HATIC K> TRES B2 D.

}mm(Tx«UT4)“%( F) Ti¥, HpysAEy7e 3~ 0 59{bRI O EEERE R 23
5%, HRAL (T AU T 1) OEFWEGET (B) TiX, T X0IZREVNEDODISTFET
[T/h &V HRA2 (K) TlE, 30 OREBERFHIAEL N Z &b LT, IS 1B T OREfH &
. E, ISAPMET L0, ZOEETR0 03k L, HEEZ K L bk
DRLND.

= V¥ —Ge, BT & De OFE T, I OF/MEZ R LT, Z0REE (B
HVNTEDREOT R &) & LI Ge, De ZHEE L7z, 72720, FHE Sz BEERE AN
VP U AR 2 R0 BERIO B IZ ie o> TNz, S0 0EEET Z LICHER
M THD.

¥ kR 250 mX 250 m OFFHRA CTENENBFED/NT A —ZRBRO LD, Z D
TRIFREIE, ARO X DA OBRET NV EZME LD THD. £/37 A —X O T
%, & &D4kmX2km O/NEEIZHHET 5 K 9 I FE L AR RZE 2 RS, KRLTz.
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5.1.1.3 #EH

@  Fy - BIRIIG SIBE T &

R ORISR BT FRRIIS 1B T & Aoy (1% 5.1.1.3-6) 13, W7 -4 T 4 MPa, HRA1a,1b
C7MPa, HRA2 T7MPa TH Y, RERIY 7 U —VEIEER EMDRO LN HME & L L T
R/ (R 5.1.1.3-1). A & UL TERT R0 EIZHFIL, 330 ORZWFEET Ao,
HREVEHAIZH S

B4 5.1.1.3-7 IZEIRUIS SIFE T & Aoy /- . SFEHCCONEIE (£ 5.1.1.3-2) 1%, HHIST
e i (3 5.1.1.3-1) IREFR U2 R 3. 3RS RE T &I, AOEPFELZRVWO T,
SERMEIXERAIS I TR AEL 10% K& 7efli b 725 T 5.
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7 5.1.1.3-1 KEBOFRRIIGSIET &.

5.1.13

S

Area Acs (MPa)
HRAla 6.5£5.0
HRAT1b 9.1+£5.9

HRA2 6.7+16
Entire fault 3.6£7.4

# 51132 FHEMOBNISIME T,

Area Acy (MPa)
HRAIla 10+4.6
HRAT1b 12+£5.3

HRA2 11+12
Entire fault 6.8+6.4
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Along strike (km)
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X 5.1.1-7 BRYSJIRE T &, RERNIMHEERA SO E %, 23 HRA OME %R~ T .
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5.1.1.3 #EH

@ mEREE - EZNST)

MEIRE Aoy (32 5.1.1.3-3) 13, I ) DRFAIE D de KA A 4L & 172 L TR 72, 1% 5.1.1.3-8
(RGBSR E D43 AR & 9. Wi T 2K T 0~6 MPa FREDEA RO 5TV 5. W@ A
@ HRA1b THSEMRE IR B I <, Zhh BIEBOTE S 23 9712 DU CREEEIREE A3 H 3 )
b b.

FERNET) Ao 71X 5.1.1.3-9 ("9, BHECCTOENIC ) OB A K 5.1.1.3-4 1T~
HRAla, 1b, 2 TIZFH)T 15~17 MPa B2 &, FRAUIS /1B T & (10 MPa) XV 5~7 BIfRER
XV INHOEE, REBRIZ U — B TRD 5T D SMGA TOEIG ) & AT
2y, HTFMIKREVEEDETHD.
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3% 5.1.1.3-3  AFEIOHEEIR L

5.1.13

S

Area Ao, (MPa)
HRAIla 4.4+1.8
HRAT1b 2.5t1.4

HRA2 59453
Entire fault 3.5¢2.4
#5.1.1.3-4 £

Area Ao (MPa)
HRAIla 154
HRAT1b 15+6
HRA2 1749

Entire fault 10+£6

5.1.1-19




5.1.13 FER
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5.1.1.3 #EH

® M xLF— - BRI &
WIETXLF—Ge X, TRVHDNLISNDR N E 72D E TOXM %,

GC — IDC

o o) —ordu (5.1.1.3-1)

L LTRD.

(4 5.1.1.3-10 (23RO LN TMIET R VXF — D02 R T . AR & OET R L X —% 3K
51.13-5 0% L 7. flfET R L ¥ —|%, HRA TIT 14~19MIM* FBBE TH 5. Zhix L,
Wi T R TIE s MIm* FE Th 5.

AT~ & (Do) &, EREVISNDPERNOROT ) L LIcb DA 5.1.1.3-11 12
AT T E D De 2K 5.1.1.3-6 ITF L DT,

K7- DecliE, HRAla, 1b TiX2.5~29m &, ZORBEOMEICRTHMEE LTIy
REWVERRD SN TS, FEEERED 2008 45T « HHNERETYH, Deli2~3 m
DIEDRD HITWD A, MOMEICIS T 2 [FEEROAFFEE] (I - i, 2005) TiX, 1mfe
ETHb. HRA2 TiE, 1.3mfRET, BHEIE L FREOHENRE LA TND.

IS BB LR WEER TR0 BOFEFIEE LT, X0 #HERRKOREOT Y &% Dc
(De’) & 72 kb H 25 (Mikumo, ef al., 2003). = D 5L TR De’ %% 5.1.1.3-12 12,
B = & O E R 5.1.1.3-7 17T, D, ISNFENDRO HILD De &R, hEWN
EARD END Z ENZNDN, ABFFETH HRAL TK 1 m, HRA2 TO0.5m &/ SVMEMR
HHNTND.

Dc, Dc’ & $ 12, HRA1 OfEDJ7H HRA2 DfED 2 {ERiif% & 72> T 5. HRA2 T D¢’
O, BhFY I 2l —ra v OEEEENTHLH D05, HRALIZKHT D De 5V
D’ 2S, FHRANIC KR E WD E BB TH D . FEERIC De BRE W, ATt EowmTth s
DANIRFI D ETEDS, RSAKAF EA I L TV D ATREMED D 5.

5.1.1-21



5.1.1.3 #EH

#*5.1.1.3-5 FEIMOMEET R X —,

Area Gc (MJ/m2)
HRAla 15+7
HRAI1b 19+14
HRA2 14+16
Entire fault 8+10

#5.1.1.3-6 FHECRO IR T &,

Area Dc (m)
HRAIla 2.5+0.6
HRAT1b 2.9+0.7
HRA2 1.3£1.2

Entire fault 1.3+£1.0

# 51137 BEBOBERT XD E. TR0 HERFROFOT XY EL DL LiobD
(Mikumo, et al., 2003)

Area Dc’ (m)
HRAla 1.0+0.6
HRAT1b 0.9+0.6

HRA2 0.5+0.5
Entire fault 0.60.5
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Along strike (km)
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|

Along dip (km)

A1 Dc (m)
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5.1.1.3-11 FERI Y & De. FHHETEHEO N BEEMERD] D De £ THOT 52 & THE
HRDT-H 0.
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 ———— D (1))
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5.1.1.3 #EH

® MHELRE

YIVF LA LT 4 RIIEIC LD BIRET VO CIE, /N8 = & O ER AL
BZIZRD b, v v FH A LT 4 v RIEIZ K BDREIRE T V0 D IR IRE 4 oK
DDHEOIIE, T BRREOMEE X WL BERARA L 95 Lo T2 2 L 0MT
b Tnd (BlziX, = - fth, 2005). 72721, Z O HECE, 47 L L WESEN 7R
HTRHD LIEFE R0,

AIRFHZIIBWC, IS DOERKIE oy & 72 DREZ] Ty 1 X, JEIIDBERIS TN HE L 72FFZ T h
DA, ZOREZNIMEE7 v R3miE L, (D7e< & BFRENICE) WEmA TR ED 5
RZNZRGT 5. T 7bh, 22 CHE LSRR EZ VW5 2 & T, SIS AT
D& HIIERRMEZ 2RO D Z LN TE D, ZORZ 2R T, ARG A2 XL LT

Wil i b T DR R & 72 D4 T (1% 5.1.1.1-2) %[X] 5.1.1.3-13 |Z7°7". HRA2 T,
JOPTEICJEE L 0 BREE AN < A#E L, HRAL IZIAT CTENRRIEN > TWSEEFDN DD, %
72, TROBETIERNY I 7 E&Nhozn, WgmoL[ Aedim) <k, EEEN
FFEIELTRY, FEICITE L TWORWATREER S 5.
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5.1.1.4 e

5.1.1.4 in

T 2 LX—|CB L TIE, BEEMZEICBW TRy = VZHINEB SN TEBY, HE
FT— A FD 0.59 FIZHAIT D & WD FERBEGHNTWD (Tinti, et al., 2005). 4 5 DI,
AWFFECORERAZENRD & (K 5.1.1.4-1), 2016 FREAHE 4 A 16 HAE TOMET %L
X—i, 27—V U FHIEEENG, WDIZEEOMETHD Z LD S.

BES 9=V & Dc [ZOW\WTIE, Fukuyama and Suzuki (2016)73, KiK-net Z5 5811 55 D 5ok
ERVTDAHTEL, I1mEWVIEERD TS, KR TR D= De D E Ol & g4
NREPTFEERNLIETZAY, £ 5.1.1.3-7 © HRAla, 1b ® D’ ExfIid 5 &, (FIFEAWRET
b5
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5115 F£&0

5115 F&®

2016 FFREAMIE 4 H 16 AAREIZOWT, BIROA 38— g URHT TR b 7o ilE R O
ETADD, BHGEHRE L. BONEHNEIRE T EE, OX/hSWEORHEE S
fo. =05, EREINIRERN 7Y — BT L D b 0 L EARIRENHEE S .

W7 i T AR OB EE = % L X —Ge I3, 8 £ 10X 10° J/m? T, BEfERFZED 2 47— LAl (Tinti, et al.,
2005) L IR T o 7. BT R0 &I, EREVHEET D & REDDOMENHEE I D503,
Dc’ % 3R C, B S HEE L7z Do & il 2 & LB 22 @i b, £72,
AR BB SEKIFIRE S .

I ECHEERRZ 2 [RET 5 &, WO HRA (7 AV T ¢ SIRIEFR—) CTHEER
s 2 s R oz, £, Wigm o b IO EEIME 1L LTV 2 ATREMED
maNT.
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5.1.1.6 ZECHk

5.1.1.6 =&k

Andrews, D. J. (1976) Rupture propagation with finite stress in antiplane strain. J. Geophys. Res., 81,
3575-3582.

Graves, R. W. (1996) Simulating seismic wave propagation in 3D elastic media using staggered-grid
finite differences. Bull. Seism. Soc. Am., 86, 1091-1106.

Fukuyama, E. and Suzuki, W. (2016) Near-fault deformation and Dc¢” during the 2016 Mw7.1
Kumamoto earthquake. Earth, Planets and Space, 68:194.
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