15 1 2015

W

IBBEARIRILDE—H A +F R (SS-GMPE)
—=ERTOA—SA A MEIZE T HEET—

ESEEEY . ATH ST . EERm Y, sy

1) IERE  AtmE R LAt sele, R 1t (T5)
e-mail : tki@eng.hokudai.ac.jp
2) BB BiKBEEAOISERT. EMEE Mt (%)
e-mail : tmaeda@bosai.go.jp
3) BB AWEEREREGCEAIIERE, M EATER M (1%
e-mail : m.shigefuji@eng.hokudai.ac.jp
4) IERE P

e-mail : sasatani@eng.hokudai.ac.jp

C

AFCE, =R CRAET LT U F—T 4 AHRIZ L D HEEFEEZE LT D Th 5,
BN, 5ODT 04 —F 4 ZHE (Mw6.0-7.6) 12 & DHELHEE A A7 b Zx LT,
K7\ b &2 LT AR R 2 B8 LB E D A T 7 INHIE 2 %15 & 3 2 FREER
RWAUZ L2 THRIE & BLHE & O EITo 7o, AFEOT —% & v N ORRERAIX Z OE
B D HHAN T 225, BRBEZ SME L7z Z OB IET U 2 —F 4 ZHIEIC
BT LB Z EERIZE LT D, UL, &R E UCHHIME & BIIIEIOR X 7ok 2=
ZARELTEY., ZOKRETITYT A P OHBRIEERE, BRFEREEND LB DND,
ZhuE, AW EEEERGR ISR &7, — AR BE L O BRBERUR S, oI TR A L
72% < ODHIEN S DBV A hOFRERE AWZEIRAHIC Lo TERESN TN D70 Th
Do I T, AWETIE, =REMOKFE DR Z SR & LI E—Y A MIBT 5 HEH)
T (SS-GMPE: Single-Site Ground Motion Prediction Equations) ##2R& L7-, Z Z TR
L7c =R T v % — 7 A4 ZHIFRIZXE 5 SS-GMPEIL, H A Z &ATHEEIHE S E A7 b
NETHT 2 60T, Myl BRIFIEREA X T A 2 — & LTZRURHTIC &> TREEE L 72, HEEE
L7 PRIEICIE, [SRERRIRAE, A MARE, BIRAMEN B OV IAE N TERY | FFIC
BENRVHIEZ SR L LTERGEDRE R, FRAED KIRRIKB R TE 7,

F—7— N HEEB)THC, T DK — T R, BRI ER X oL
1.[FLC®IC

— Bz HEE) T (GMPE: Ground Motion Prediction Equation) [XEEJREEE « B S fHH I HiFEE)
FEEZHETE 272D, A< IV ZLOTHIAMERINTETWD, EBFRFFEE LTHIEY A7 - 8
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BRI ZEETDHHLOND DV IEEALT MO HBEIEIRREZ &Y A b OMARFER] % 558 L CREfhd
ZH 0 DOV TG L AR EOMIEZIT O b D b R 6D L ITheol, Lo, £
NHO% L, BEEMEICKHT 285 1 FoiiEkE AW TZREIRSTICE v ELNTZbDOTH Y, HIE
DFEA I OIEN N L DARTRIR ISR O MgV Eo &V MMEDB O AR E A TN E A F T
6k@§w%woﬁ%ﬁ%%ﬁ®%ﬁﬁ&bf\KM7DVF®%%M-%%%T®ﬁ%ﬁ%@EP%
B AN, MiEEZEA LSO, Bl - FMAOEEERE 2 ZE L ChlF L b0 9B IEINT
WDA, HIERFSAHiE & o N OB DN ZERRG AR, T OIERERRIR RO BRI H]
W B EAR O b DO THDH EF 2 D,

—7J5, & < I Kanai and Yoshizawa®{Z L ¥ . B.—HA MIBITDEEHMEBOEMN AT MAORAM LR
MECE L COMBNRRENT WD, £/, Fl—H A b CHIERA MR A ZE L oo AR o Nk
FEISE AN SNV ERRE LT-EB TDE HbiLD, 2D OFFIE CTIIR R B R O g 23 B 0 A £
TWDHEEBEZLNDHOD, Mt A MuUIba<, ZORE, HEBHRIEME O 22 A OMFHEIL 72
SNTELT, ZEOMOMR %I L PRIROBRIZIETT -2y hOFENRARETH -T2,

1996 FE-LAREHE i X417 K-NET, KiKenet %2 X 0 | BUALSREIREEAIZIML, 2 o075 —2 % H
2 GMPE OFEFMNEfi SN TE 7z, Fz, 2011 43 A 11 BITHA U723t 5 RS s DU
H AL COMBIRENIEF IR/ . KHEZED -2 OBlEHENERMINTE TS, 7
— XYy FOFEICHED, N E TEL OMBEITH LT, 25 0%1 ~Clhls L CTERK 7= GMPE %,
MBS A 7« BAEHLAZREL, 1 o M CEURT 2 Z & T, BEERHEO RIS A b O HIAFEEIE
FEMEDREN M ST GMPE Z A b Z & ITHEEE T & 2 ATREMEDN A D Ada 3Tl 2D K 9 72 GMPE
%, Single-Site Ground Motion Prediction Equation (SS-GMPE) & IS T L1295, AGaSCTILREE O Hik
THRAE LRI LT, BB EHAEOR Y A N TOBRIFEEROIGE AT MV IFERRE TR
ATAZ LIk, KV A N TEOREMIR CRAET HHIERICHT D SS-GMPE 2% L L 9 LilkA D
HLOTHD,

L2 AT, BAEHE Y L— FMERCRA L2201 HERIEMT KOFEEHIEE  (Mw 9.0) LI, BAAHT

TIET L — MERMEOR /O3, AEMFERNHE, 7L — MNHE, 7% —T7 4 XHIENHER LT

W5, ZHE TOHEBERERICET A REEE L LT, 7 L— MERTRAT 2 HE, MRS,
EIRATe T L— FINTHEAET AT TNHEICE LU CUILLEENE < & 225, MHEMT ORI ATHI D
L— FNTRETLT VX —F 4 ZHEBEICE L TOZOWFRITD 20, Ziud, 1933534311234 L
7oWERD = PEHEE (Mw 8.4) 752005411 H 15 H =FEWHOHEE (Mw 7.0) £TT U4 —7 A4 AHIEOIEE)
BRRD TR o722 Lic kD, BARMHETRAE LT U —F 4 AgEMECTH DR =FEIETIX

\CHERIC &0 < OWEENRAE LUERN LIRS TH 5720 MEEEN S BRI Ty,
LrL, TUX =T AHEBFTERODNHETH2ICHL00b 53, A7 7 NHEE & RIERIE B S ES )
BRI S D0 E R BT o TE TRV | HEEW O JEHIRFED 2L L T HBIE CTITRGC
TR, I, KR, 74V EVBOZNENO T L— N TRET LT VX —T 4 AHETOREE
B RO BT O RHEN R 2 > T 01D, KM CRAET 27 U ¥ —T7 A4 AHEOBIIFERIZEE T
LREHIRBUE T 7 & —F f AHEO BB FHIZE > TEETH D,

Z T AWFFETIE, ETEDIC ZREHICBW T 1933 LI THIO CRAE LI Mp 7T kDT 72—
A RAHETH 5 2005 FOHIFE & | FALH T A SFLEM IR DA =R 12 R — ik THE L7255 o
DT 7 H—TF A4 ZHIFEDEE ﬁ@@ﬁ%mwf %ﬁ@ﬁ%ﬁﬁt BT DL BE B O T RIE &
BUAME DL 21T 9 0 IRIZ, Mw Z W TZEYR AT L0 =R CRAET L7 7 & — 7 4 ZHRICKHT 5
ssQME%%#4bT%%L\é%m\%Mﬁ%%mmmfw&wﬁémﬁmLf%@ﬁmﬁ%@ﬂ#
Do

2.FHRTHT—4
20114E3 3 11 H 14:4612 384 U 7= 3L M5 KSEPEM R (Mw9.0) D4 1RFREILAPNIC, 15:0812Mw 7.4, 15:15

WMw 7.7, 15261ZMy 176D KMBENRFEAELTZN, TDIH b, 15260HIFE (R1DONo2ME) MAEIRNE
LT E—5 4 IELEZ NS, LI 3H2H (My6.4: No3HE) . 5SH5H (Mw6.1: No4HE) |
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6H3H (Mw6.1:No.SHIEE) [CMw6fhDT 7 X —F 4 RHEENFAL TWD, BIFFETIE, 2 b OME
WO, 20052511 A 15 AICIEA LT-Mw 700 HE (No 1) DOFSHELZ gL U TRITE1T 5, AF
ZECHWHEZXIB L OE NIRRT, BIRAED B AYBICH L CHEGIZH D72 OR[BTOIE L

T T

. km \
44 P

——
0 100 200

Volcanic Front

' ((WTH02
Kitakami Riv.

36° W{w
Nankai Trough

Philippine Sea Plate

32° :
136° 140° 144° 148°

1 BAREMBEORRSME A DX LfE
(HEDNo.[ERIHE, A WZXLBOE (F, R, F) FENTh. SS-GMPEHEEIZFERA L =i
B, TOMOREICAV R, BIZEREICHS. FRIESS-GMPEREICFERL-HAR. B=A
FR2. 3T, KR=AKREI2, 13, 21, 25TRW=HIR)

Japan Trench

Pacific Plate

Rl BIFTXRME (BRFHRILGlobal-CMTIZ & %, ==L, * [EKanamori?IZ&k b, )

Eq. No. Date (JST) Time (JST) Mw Depth (km) Data
1 2005/11/15 06:38 7.0 18.0 659
2 2011/03/11 15:26 7.6 21.1 867
3 2011/03/22 16:18 6.4 123 455
4 2011/05/05 23:58 6.1 13.9 305
5 2011/06/03 09:05 6.1 20.5 408
6* 1933/03/03 02:31 8.4 10 -
7 2011/03/09 11:45 7.3 14.1 742
8 2012/12/07 17:31 6.2 24.9 433
9 2013/10/26 02:10 7.1 249 814
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CEFTCITEAENRKRE N, 2T, X TOERERILGlobal-CMTIZ L W ikES Nt brAg REH
Wz, ZAUH OSHEIT AT 100km O FEFHNIZ A0 LTV 5, X1, RUTIL[FHUE TRk iR 5 HiokH
= Ch oM =FEE (193343 A3 HMw8.4: No.6HiE) & MEHZIHWA20114FE3H9H D7 L — FEER
HEE (My7.3:No.7HIEE) | MEEICHW 520124212 7H  (Mw6.2: No.8HIEE) L20134E10H26H (My17.1:
NoHiE) OT7 v 4 —F 4 AHELRIFFIR LT,

SS-GMPE DAELEIZ W 2 58 EEN 7 — & 138 KB A A 28T OK-NETH L OKiK-net Tf5 b AL 72 Hi
DOINEFEFLERE L, No1-5OSHIET X TTRRENE LN TWAH217H A M ExtSR e UCTMiT 21T -7,
X 11ZSS-GMPEDEZLITAE M L7t Ak & ffFE TR,

TR LA N 2 3 LSBT X BEAE A28 & O FL R © 1T O 7o DB IS BB & U7e, #RELEEE
ISR, BEAERF SR VLI RLER D K 2853 D A X[ 2> B G U 70 4 B 3 00 sk B 22 IR 2 iR A~
7 MER L THLNDRKNEEZARERoTHRTZ L TRDZ, TU¥—T 4 AHEICE L CEank
DY | HEMEHR O MBS O FHE NN TH D720, [EAAIT=0.1-3.0secl2 B L THRETE1T 9,

I ;
(a) Without Filter

| ' |

: : :
(b) Filtered (fc=0.2Hz)+

Velocity (cm/sec)

1 1 1 1 1
0 100 200 300
Time (sec)
X2 No.2itEMNKiK-netfs/EER (KSRH06) DHINSH S DiEEERER() &
O—hwy b7 4 )L3 —0IEER(b)

-
o

Original
0.2Hz Low Cut Filtered

Pseudo Velocity Response (cm/sec)

1 10 100

o

N
o
N

Natural Periods (sec)

K3 No2tEDKIK-netEEEE (KSRH06) |28+ LLEENERRY kL
(BEA K23, FEEHLE2bDARY kL)
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FUFIZHWDHIED 9 B b BIALO K Z VO N 2 TIEHI407 BT H A LMy 9.0 D -IEE D 28 Z
£V, K2alcRoivd Lo, PERELELGET L 0 AT O REYwEOMER N GEI L TWD, £
ZT02Hz (5F) ovu—h vy v 7 4 & —%0E LizHER) (X2b) & HCHHE L7z SRR S A S
7 MV E R 2 AW CEE LIPS A7 AV DO EFT - 72, K3 KL 9 I EW5.08
PUFOINEIZBOTUITARY MAPNIRIERETHD Z EB DD, AFETIET 74 —F 4 AHIED
S8 R O BB O 2SO EFICIER L TR Y | ES. 0L T OEELEEISE A7 ML THIUE,
Mw 9.0DAENEIEE L7~ R RIS O MBS IC L 5 BB I bnwetEZ b5,

3. 708 —5 4 AtROBELEEICEBOZER S H & CEERHR R

2 TE. BEFEoEEERER O S, kil r FEBERE Lo fEREEEEOEVAEE SN
T\ 5 Dhakal et al.®> (LA, Dhakale) ZH\W\T, 70 ¥ —TF 4 AHE @ﬁ%ﬁﬁ%i%@ﬁ?é]%%m
ﬁi??& TA AMBENTRIZRE LTWRWNWE OO, =R babigE 5o EIC s LT, K

TEDOXBRHIE DY A Mkt L THEEINZLOTHY, ZEhT7T v ¥ —F4 X‘i&%@*ﬁﬁ ZHiE LT
b\é EEZHND, WELETSS-GMPEMEOXG L 5% 4 MIKNIZAR OGNS L HIC, kb7 r
N ORTIMANZZ < MLE LTV DA, 2 :mi%\tm%a:jswééﬁaﬁ%ﬁ%k Lmﬁ,ﬂ‘%ﬁ 2728, Hi
AV - AR A L COMRT AT 5, Dhakal=i k1L~ &> hORT « B3I 0O I EE R 0 % S
SEL 70, EIREEEZ ATV & MO BEEEC R L2 PRI TS 5, ASEEEHTX40 L9 ITER S
. BRI o)X TE b D,

log(pSv) = c + a Mw - log(R) - biR: - b2R> (1)

Z 2 CpSv: FHLLRELINAE, R EIREEEE, R BFEOKILT v N ETORHRE, Rx KL wr ko
YA METOREHE (K4) | c. a. bi, bz EURMRECTH D, 2z kv R4z 3 EEEO I (Distance
Ratio) (ZH&1F 7 2 BRHEREE RN E S5, No 2 =Tk U CHE L 7z Distance RatioZ 1 & L CTX5I1Z=
9, Z dDistance RatiolZEIR & VA b ONLERMRIZ K VW ZBLT BETH D, No2MEIZHkT D T=0.1sec &
1.0sectZH 1T 2 BRI R 2 K6l 3, K6k, k7 m» haiElMiloH 1+ (Distance Ratio=1.0)
THREN/ NS, HIMITREENREN &, RORBAMHFIE TIXZ 0B NSL D52 N IO
BERER R CTRBL SN TV D Z L EME CTE 5, 72355, Dhakalz=Xi &L IL300km £ TO 728, 300km
PRI AR TR LTH 5D,

Dhakalzi Cld 7 L — MERME (FEITICH W - RO SHPH: 20-50km) & AT 7NHIE ([F: 60-
130km) D2 ODOHIEX A FIZB L COMBEREXDIRESN TS, TUX—TF 4 AHEIZA T 7Nl
EEFRUEETL— FNTRERAEL TS Z LD, K6TIXA T 7NHIEIZXT % AU &L % Distance Ratio
T EDOWEEHRE TR LTS, o, MEX A X DR RSO E N E R T 2D, S L— RMER
HEOWREZEME (Distance Ratio=1.0: k117 &> FEEMAD HEIEHIR Lz, SHIZ, TUX—F 4 X
BORESEZEE L, BE<HWHILAHKanno ef al D2 L5 EWVHIE G0kmBLE) 1263 % IEEER = it &
AR L2 (A, KannoxX) . KannoZUZAVS30% /8T A & —& L CHA MM IET D IS
BEARY FIVOFRATH DA, 2 Z TIHAVS3I0A3HI300m/sI2FH 232 M 2 5k G & U7 AR (A i
AR o THRT D Z LIS DEEIEEINE AT MAANEHRL WD, 2B, s b2, 300kmE T
O I CTd 223, M6 TIE300kmlhizE D HEIFAN 2 MR TR LTS, X6X V., Dhakal2llZI\
T, T=0.1secOFJE MK TO T L — MERMEBEOISEEITA 7 7 NHE & ik LT/ & <, F7zKanno
KIZBW T, E5ITNEL o TWD, —J7, T=1.0sec TiEDhakalZ(Z B\ THIFE Z 1 712 L DI B
OEFEII/NEL Y, ZUIKanmol E HELAHELTWS

T, S MERMEL T VX —T 4 AHUE @E%ﬁﬁﬁﬁ@%&@t@ No.7HiEE (Mw 7.3)
ENo. 1H#IE (Mw7.0) OT=0.1. 03. 1.0, 3.0secll mﬁbeﬁFﬁﬁﬁ®Wﬁ M (X7, 8) BLW
FREEDR BAMR & Dhakal= . & Ol (49, 10) &g, 22 (X7, 8) 22Hlid. W oOHEIZH
T%\ﬁ@ﬁ*@%ﬁﬁﬁfﬁﬁék\Fﬂhm?ﬁkm7myF@ﬁ%%®#4F?@E%ﬁﬁﬁ%
<, BIMUT/HSL RAFEPRROND, —FH, BEBIREICA 51220 TRIMA & Uil oS A a0
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Distance ratio = R, /(R+R))

Distance Ratio R1/(R1+R2)
X4 Mb7Oy hZ&E2EREHDOSE X5 No.2#hE D Distance Ratio® ZER 7 %
(B Muzov b, Fig: BE.
M5 DEIEIE100kmfEFRE)
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X6 No2#hE (Mw7.6) (ZX3 ZHELLEEGZED B =R
No2HEFEHIZ, RS TAHAMEDDhakalXF RV =158 (BEOE ERSOEBIAOBA® G L TLY
3) , MO ERIETL— FMERMEDMDhakalK . RIEIEEVEDKanno=,

EWIV/NS 720 | T=3.0sec CITHEFEAHAEIE 2403 2 BIHCEB A SF « BIAEIE CONEENRE
SRDHZENERTE D, £7-. W TIET=1.0seclZ TAL FJNFRE CORSEAMEN K E < . Z O M4
DOHIEBICBWTHRO BINLD, TR, Z OHIIZ S L T2 55 USRI 5 R HERS ) 00 22285 L Fefig
nNTn5H4, ﬂﬂ;ﬁmﬂa BOWCOHEZ KT 5L, Mp10ll b0 bbb T 7 U4 —74 ZAHETH S
No. 1M=L, 1 ZIZFR—FHECHRE L, My 7307 L — FMERME LV b REWVWSEEEZHA L TNWAD
ZE, 9<E K10% T2 2 & CTREICHMTE 5,

PR 7 B4R & Dhakal2C & O ErEE (X9, 10) T, Distance Ratio = & 1T fE A AT L TORLTE
¥ . DhakalzIZ X 2 FEEERE MR & Z UG LTS, oLV, 7L — MNERHETH HNo. THUE T
L EEBERCE BIfR & Dhakal U R WA EE ATV 5, FRC, X7, 8 THHG T X 72415 OwiIIMAl & 25T
OWEMIRDE T, Distance Ratio CH¥ET 5 Z & TR VAR L 720 | FEREEAHREIZ IV CTHIBIMAICO
D/ E SHPEECE . ZhiEDhakal=l & &I LTV 5, & 512, Dhakalz(iE, 300kmbPLiE~Oi#EH 12
BWTCHENTHD Z LRSI,

T E—T A ZHIEE T D No I HIEE Tld, HUEHELD/ NS WIT 030 b 3 ELE B CIN BB A K
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B8 No.lME (72 —54 XHIE: Mw7.0) ICKDBLLREGEE A OZEMSH

XV, FDOIEH DX HRE VY, DhakalzT 2 7 7 NHIEICKT L TREEE S N O TH S, T=0.1. 0.3sec
OEEMHERIC B O TR 7T 7 ¥ — 5 4 AHEOBIRE 2 LT\, —F, ERESHEKIC
B L CDhakal=ZT=1.0sec TIZFEIIE L 0 o0k E UV MEZ THI L. T=3.0sec CITB R TH D, 2T 7
N5 D Dhakal 2 F D FE E T U X —F  AHBICHET T HICITERES H 52, EE I
LIRS 2 EE 25,

BT, No. 1HIEE 2 FlZJE#IT=0.1 & 1.0sec COBLHIE & Dhakal =iz L 5 FHMEZ g+ 2 (X11) .
Dhakal=iZ £ 2 FlllZ kL7 v v MR E LI ARSERBEBEZEE L-bOTIEH L0, Tl
10fEREDORERIEL O R THIE 72> TV | [FARFIZR L7-Dhakal N OFEHER 727 H K& < 4
NAHBRE B2, Ziud, &4 MBI D EERE & MR O F8 A s O E T K D RIS FRIE D
EWVDMERE L TARDICTFHRITKM I T2 NWZ ENERTH S & b b,
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ABSTRACT

We studied characteristics of strong ground motions from the Off-Sanriku outer-rise earthquakes; these earthquakes
are activated after the 2011 Tohoku earthquake (Mw 9.0). First, we calculated pseudo velocity responses for five
outer-rise earthquakes (Mw 6.0-7.6) and compared them with the attenuation formulae which were constructed for
the intraslab earthquake. In spite of outer-rise’s data being over the distance range of these formulae, the extrapolated
formulae generally explained the attenuation relations of these observed data. However, there were considerable
residuals between the observed and predicted values. These residuals result from the site and source effects, because
the previous attenuation formulae were constructed based on many site’s strong motion records from many
earthquakes occurring at various source areas. Second, in order to overcome the weakness of the previous attenuation
equations, we proposed empirical ground motion prediction equations for a single site; we named these equations
“Single-Site GMPE (SS-GMPE)”. Our data for regression analysis were strong motion records at a single
observation site from the five outer-rise earthquakes occurring at the narrow source area with the radius of about
100km. We carried out a regression analysis with respect to M for each site assuming the previously estimated
internal attenuation for intraslab earthquakes. The earthquake source, propagation path and site effects were well
incorporated into these equations, and as a result, the residuals between the observed and predicted values were
considerably decreased. Finally, we applied the SS-GMPE to earthquakes not used in the regression analysis and
found the good correspondence of predicted and observed spectra.

Key Words: Ground Motion Prediction Equation, Outer-Rise Earthquake, Pseudo Velocity Response Spectrum
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