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A perspective on the 20-year active fault survey
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Relation between the 1995 Hyogoken-Nanbu Earthquake and the great Keicho Earthquk

fiRE BEA 1
110, Yoshihisa*

LROK - B SR
IDPRI., Kyoto Univ.

REIRORFEDHINT- C & THA T 15964EDEEDO KHIEIL . PUE O kL) « /SH-REE - A SHkEEm
WE LB RENREIETHZ T b > TER A, 1] - &%2mmxﬁﬁ&%ﬁﬁﬁ?w%¢wﬁdbﬁﬁ
ToTWiETBE, ZODTH 4004E%IC, €5 U THRERMTHENLE >7zOh &0 TENRKEEMELE S,

IREGEIC BT 15964EICIEEN L 2D RFDOMIETH %, —17. Eﬁ%ﬁﬁﬁﬁfﬁ@rwﬁ%ﬁgfk%& i
ibﬁoﬁ%%@&ﬁﬁ@%@m@*$ﬁ%ﬁbﬁ#f%@ W OWIEEDED U255, B EKUE OGS OR S

RIS LB AT ﬁ@%%oM@M%MEW@$W%$WM@b&<&%?ﬁfﬁuif%%&ﬁﬁéﬂfwéu&
NS (MEFHEHEEATT, 2005a) £ 4004EMRTIEEI LIz LAMEE RZDTH S,

7S -T S T T DN 400 AF TR TGS L 72 C & DFEEIHI,

1) B EWE 35 2 TAEMEINTE 59, BEmERE -2,

DZEZTEMBR T VALICRETZEDTHD, THL 2 THIC 1 [BIOHIEDN 400FEDOMMFE TR > TEM 5 AR
n%cj:f;b\

3) FHENDEEIIGENRAE 0D, EEERE T — X REE LAH O, EFiEE. BEHNSN T3 EDd ok
SEEICAHEZEC LTWa,

4) BEEOKHED T XD UHH 400FKICT N> Tz,

EWVD O EZSNZN, RFEEHTIE, 1) & 4) OnEERZMRETT %, HHIKEERR « /SH-IRES - 555 sl Ea o
HIIMEZIE LT, TNETESNIIEWE OB Z RE T &, 15964EDHIE T/ H -SRI EH DOZEOEMIC TN
DEONH D, ZNHEERREBIME T3 Xo falgEEAERHK 5,

SRR T RO U DD > Tz L ZEZ T, ZN TR, MOHDIZESITHAH 0 ?  2013FITIKEKE T M6.3
OMIEEMNFEA LT, PUE & SR EHEOWE & ORI OEIC DV TG %,

F—U— R TR R, PR, PR, rhORRHERR, 012, PRI

Keywords: Kobe Earthquake, Nojima Fault, intraplate earthquake, Median Tectonic Line, stress change, recurrence interval

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SCG65-03 21 A04 FFR:5 H 26 H 09:40-09:55

T8 SARDH 5 /01T U 7z P EHITEE OO 225 e OO (ERETE _
Complexity of source fault of inland earthquakes revealed by SAR interferometry
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Prob ems of long-term earthquake forecast in Japan: Do we learn from the Kobe earth
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Ultra-fine amorphous particles preserved in the primary slip zone within the Arima-
Takatsuki Tectonic Line
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Characteristics of radiated short-period seismic energy from moderate-to-large inlanc
earthquakes
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HiEE (7.6), 20004F ESHURFEERMIEE (6.6), 20044F 11 FHREIEIHHIEE (6.6), 20084% 6 4T « HIMAREE (6.9
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Progress in ground motion prediction
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Methodologies of ground motion prediction have developed rapidly during the last few decades incorporating the knowledge
obtained through analysis of destructive earthquakes and taking advantage of progress in computers. The progress was higl
accelerated thanks to the dens strong motion observation networks installed after the 1995 Hyogo-ken Nanbu earthquake.

In the modeling of source processes for anticipated earthquakes, as the patch asperities successfully explained the directiv
pulses in downtown Kobe for the Hyogo-ken Nanbu earthquake (Kamae and Irikura, 1998), the asperity-based model has been t
mainstream in Japan. The way to decide properties of asperities has been pursued by developing scaling relations for asperit
estimated for observed earthquakes. The way to adequately locate asperities has been sought for in the relation between slig
depth and displacement along the fault traces or in the relation between asperity and fault geometry. In addition to asperitie:
realistic smaller-scale heterogeneity in the distribution of source parameters is considered to fill the deficiency of the wave
excitation of asperity model and to moderate the forward directivity effect.

Underground velocity structure model with 3-dimensional variation like the Osaka basin model by Kagawa et al. (1993) was
very rare before the Hyogo-ken Nanbu earthquake. Hyogo-ken Nanbu earthquake made us realize not only the difference |
medium physical property but also the topography of the soft-hard boundary of the sedimentary-basin floor had great effect o
the ground motion. This fact promoted the surveys and modeling of the velocity structure of large basins. Moreover, we have
seen at every destructive earthquake that various aspects of the underground structure can cause locally large ground motions

| am going to review how the methodology developed with our experience of destructive earthquakes and discuss whether w
have successfully solved each problems.

P — R EED T, BIRE TV, kG, 7 AR F o
Keywords: ground motion prediction, source model, velocity structure, asperity
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Various Topics on Engineering Applications of Strong Ground Motion Prediction near

Active Fault
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T, BEROFREETCEREFRND D, —F. EWHER EOBFEOELTIE, HIMLLIGEBFRETVICX 2%
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T DOFISHTEETZ &S, ZEDOTERITBHETNNDIFEST 2EVETIEENE L L BICEZZHEMRDENTE
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“%ﬁ&&ki%v7%ﬁ%ﬁ&b%%kﬁéo

3. BbHIC
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SAINIIE L 2 OIS T B IEHAOTHT DS & 0 & LT, HIMEHIT 50 B HED TTH0 T
T BB, FRRLE LTRIL T, Bd, A AR GF 42 BHET)S > KD L, HAERER,
2014 %EELLIELTS.

A
AIREDONEDO—EIE, XKRIA - Rt - FHRIIE (B) OWFZEBI & T2EBERY: « AR ZE 1 > 2 —I2 K BBk
DL ETIrbNE LT,

F—— R (EWEEGS, sEEH TR 2 C AR VA, TV VT ATy T GG RS, MGEE R E)
Keywords: Active Fault, Recipe for Predicting Strong Ground Motions, Forward Directivity Pulse, Fling Step, Strong Ground
Motions for Aseismic Design, Strong Ground Motions for Risk Management
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20144 EEFILIL A D DB AL i X 71 = X 1
Strong Ground Motion Generation for the 2014 Northern Nagano Earthquake

S GAET MR EBT  EL R T E A T B k!
MIYAKE, Hiroe!* ; KOBAYASHI, Hiroaki' ; SI, Hongjurl ; MIYAKAWA, Koji ! ; KOKETSU, Kazuki

LHORHE
LEarthg. Res. Inst., Univ. Tokyo

20144F 11 H 22 HICHRAE L EFHEILHOME KT~/ =F2—F 6.7, Mw6.2) TiX, EFRAERNZH.LIC
SROVHIEEEID IS N, EFRAERIEZ NHBEORERZOMHENRE SNz, TOHEOEFRBIE DOV TIX, TEH
JE DRSS INSAR, 3 2 WIEARERTNN 55K 1| — SRS & OBEAVRE I N T V5. Xz, BRI
HfiitZeT oD K-NET « KiK-net > BB IR FVAREE G OMEREIC X - T, EBFEHEOMEIMNERNIE N iz

Bl ERNZ, BBORMAEOHEMEER N THS. T, BEFPE-LEEEHIC T 5 EEHHES O
WEEEE TR Do 72, BIRMNRWZHIC, Wilgh SR8 — S eaEiaW g micin - fzmilic, RmEMNFEL T
BT eh, RMARBHSOHE A OB D S RE I N5,

Pz NOFEO=HHIE, Hi-net HEMEIIAAHS. LHLAENS, HIHK 50 motirhilikg, FHllEAEE
M Acm/sTH B, AEBLFRZIIROD TN TVS. ZT T, 2D ERRLmOMKIEINVOHE 70 A5 by —
AT, BRI ERSET O TREE S RS AR L, 20144F 12 H 12 H X b EkrmEeli Z s Uz, L
AR IZ, JAP-6A3-10& LS-7000XTIC X 2 HEEHIRERTH O, HHEEZHOTWIN STy M X 28T &0
BEZIT>TVS. RELEIIVINE HAHY 1 DOHE—BNRARLNS.

2014 EEF IR OB OMEHERA W= A L%#EZ % T, K-NET HBEIISD % W0IE KiK-net FIEETHISIC
BT, WK% B2 AL OB ERIEMRIE N TE O, Bix 2 FmdilEomsic X 2538 Ly, —7,
K-NET FUBEIIN, KiK-net FUBEIHIA, RESER A TEIIE NIZERONED 2 WIIARETEIC, Flbl) D8
FIREHEIR SN T RN e S, REOEFRMENEM TH 2 [REEDV R I NS, Z 2 TRIMZETIE, /MW - il
(2015, K K%) DREJEA > N— 3 VIERZSEIC, BIGLHEOMEFRNAZHWT, BN — BRI K 5 1L
HEF Y 2 2 L— g VRV, WMEMA R ERE TS, T, MEE BN AICERE L ERELRE VI AE
R DHIEEB O Z A 5.

F—"U—F: 20144 REFIRLERO MR, sRiES), dibeomrZ @i, BEkeek, B 7)) — VBB

Keywords: 2014 Northern Nagano earthquake, strong ground motion, continuous strong motion observation, ground motiol
prediction equation, empirical Green’s function method
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M7 7 5 A DO EEERILEROMIEIC & O RAER TR E Nz BE =S, _
Long-period Ground Motion in Tokyo Bay Area Observed from the M7 Class Events in

the North of Nagano Prefecture, Japan

YT B 1
UETAKE, Tomiichi**

VRO kAt
1Tokyo Electric Power Company

1. ZLtyic

20144 11 A 22 HICEHEIGE T M 6.7 DHEDNREL, RANEE 6592k L, L DEENMEELE. EY
WEALEEI T, 20114 3 H 12 HIC L Hiia-EREEE T M s 46. 7TOMENEELTWS., OB, ZIZFE UK
B, &, AAHZZALTHY, LHrEEHEBENSRS EIFIZECHMCH 6&&#%,@@&5&%@@%%%%@%
éh%&%ﬁéh% Z T, HEARICBT 2 mEO ST LTz,

2. T—RIZDONT

AR LD FAES N ATICERE S Nz Ao R (VSE-355G3 Dtk EfiTic vz, iz, ST
DOIWTEZA RS %72, K-NET, KiK-net OFtEks Wz, 20114E 3 H 12 HOMER, #Hih—EREBETRAEL
Mjprab.7, EBIFEE 8kmTH 5. F-netOEFTHERIC K S & Mw6.2, ZEE 5km T, XA =X LS ICR-EEEET O
WilgTd 5. 20144F 11 H 22 HOMIEL, RERILEOMEIEIHETHAEL, Mjya6.7, SRES5kmTHS. F-netd
ENTRE SR IE Mw6.3, EE 5km T, A A= XA%@gB%%%%ﬁﬁﬁﬁ@ﬁMET%% %R BREOM) S5 D
EPHEENL, BTEN 184 km BE TIX 206 km Shifald, 3255, HBENI05ETH O, ZFE, FUTAED SHZERH
FRLTVWB EEZENS.

3. HEUERORERORY

2011 FEDOHIEDEEIRIE TlE, BUAEZERE, ACEE) « B FEIOWT NI EHH 5 R OEE R &hi D R 5z,
B, THEICHT 2 OWEEEOHBERLNE, FEHORINCEERTEY. COEEEDNEROILN SEREL TS T &
K-NET *® KiK-net ft8tZHWTR—A R 7w I EERT ST LIC K DIERETES. WE S BOEEINEARY NV EAE
KT % L RZHEZBR < ST, IKERSY, R L & S MICEE T — I N 5N k.

20144FDHhE @ﬁ%ﬁﬁkuzmi$®£9&ﬁ%&ﬁﬁ@ 2HHNZVA, K0 ERIHOM U &l NG
5N5. TETI 2011 TFOHEDIRIL L EMICEN TEET 2SR TES. BE S YDHEIGE AT MVZlE
K BE, FHHSHOE—RD NI Ao, R, SEBAloRA « 5050 s O fis ~T
R ETRKTEEOEIIN 7 ~8Ic ¥ — I b 5N .

4. = EOREk

SEEFAAG S B PO MR MR T B 7201, BIREE OPgHIOBI s L (iiE 9 % K-NET, KiK-net &l s TDHEIE
TR LTz, 20115 OHIFE T OV AR B R BRI REDER S NS, WE 5 % DOBMEIGEAXRY MV TIE, 5
Y—r RSN, B2 G 2 %A /KTFE & REICAAN 0EIT N TED, L—Y—ikeHiEans.
—75, 2014FEDOHIETIE, FRRHIZED NG, BB TOEVE, ERICEWEEBENOBENS TR TE 5.

5. FLHLEZ

201 LAEDHIEE DRI Tld, JAIHA 5 M OBEE &GN BN GRS S NT=hY, 2014FEDHIEE TIZFEDH S NAEh -7z, 2011
TFOMEKICR SN A 5 MWOERHE, SRETOREHNSEZT, L—V —KIEEFICAS UTHEIE - % L7
EDEEZLND. 2011FEDHIE L 2014FEOHIFETIX, FHIC AT ZHEBEHHANEZ> T zEZBENS.
20114F, 2014 WS OB TE, BRI SHRICHD > TEET 2 BEINDIHRTE, REBERNOTETII
DN LR TG ORI EL 75 5. BN TRET 2%6EHT, FHNTRELEEmEEEZONS. -
7L, 7T~8HOEY¥—273K RSN, E RN end T THNEROEFEEZS5NS.

HEE

O B SERPARATIRZEAT O K-NET, KiK-net OFIT—XZH\W 2z, F7z, F-netDOEJHEA - = X LfR%EHWz. &
LT LET.

F—U— R REANIMEE, R, REosRr, RaUER, mEIEEARY MY
Keywords: Long-period Ground Motion, Surface Waves, Later-phases, Tokyo Bay area, Velocity Response Spectrum
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YT HIERES R ER DA S HEE U 7z 20144 R EF IR LER O HE O T i 2
Rupture process of the 2014 Northern Nagano earthquake as deduced from near-sour
strong motion records

i) 1] Fig o
HORIKAWA, Haruo'*

L () FERSIE TSR - LIS
LGeological Survey of Japan, AIST

The 2014 Northern Nagano, central Japan, earthquake,(M6.7) is a moderate-size crustal event with prominent surface
rupture along the southern part of Kamishiro fault (e.g., Katsube et al., 2015 this meeting). | inferred the rupture process of thi:
earthquake, inverting near-source (epicentral distance of less than 30 km) strong motion records. The original accelerogran
were band-pass filtered between 0.1-1.0 Hz, and then numerically integrated into displacement. The inversion methodolog
adopted in this study is the same as that of Horikawa (2001, BSSA). | conducted preliminary inversion analysis to choose a foce
mechanism among those of (centroid) moment tensors of the Global CMT, the National Research Institute for the Earth Scienc
and Disaster Prevention (NIED), and the Japan Meteorological Agency (JMA). | then adopted the focal mechanism of the IMA
centroid moment tensor (strike of 18 degrees, dip of 58 degrees, and rake of 59 degrees), assuming a fault plane with length of :
km and width of 21 km. The inversion analysis revealed that the overall rupture finished within 10 s. After subtle moment release
of the first 1 s, a large amount of moment release abruptly occurred with duration of 4 s. This large moment release comes fror
two patches of large slip: one is just beneath the hypocenter and with the maximum slip of more than 1 m, the other is locate
to the northeast of the hypocenter. The seismic moment of this earthquake was estimated to bd2Nm @,, 6.1), and
smaller than those of (centroid) moment tensor analysis (e.g., 3.6\t from the global CMT). The two patches of large
slip are deeper than the hypocenter (5.4 km below the ground surface around the source region), and little slip was found at tt
shallow part of the fault, which does not agree with the distinct surface rupture. A speculative interpretation of this discrepancy
is that the moment release at the shallow part proceeded with long (maybe tens of seconds) duration that does not heavily affe
the frequency components analyzed in this study. However, further analysis is required for validation of this interpretation.

AcknowledgementsStrong motion data were provided by NIED (K-NET and KiK-net) and the Earthquake Research Institute,
the University of Tokyo (SK-net). As for the moment tensor solutions, | referred to the web sites of the Global CMT Project,
NIED (F-net), and JMA. The unified earthquake catalog of JMA was used in this study.
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SELURRIRE 7IVIC K % 20144F 11 H 22 HEFF IR OHIZE (M6.7) DiEiEd)
Sal—y3aV

Strong motion simulation for the 2014 Northern Nagano Prefecture earthquake based o
the pseudo point-source m

Py J2 1
NOZU, Atsusht*

! RS RN S T

IPort and Airport Research Institute

— IO EOREHF TN B TIE, WEEZERT ZHEOY T AR -2 W= LI &8 LR b ER T
TV WA - AA, 1997 DHVSNE T ENZWV. ZFRUCHL, EHEZ, (EROBMEERET VL D &ML
ENTHEEEFETIVE UTERUSERET IV (B, 2012 OIREZIT->TWVW5. BLUSERETIV TR, WmED)
DERICED B EL DY T AR MTHRL, FONEICIHT TR OFRFZER G2 S5 Z E T IVERTS, LD
TARY SIWVERT BEBIFRARY MIVDOIREETIVET . IREETIVTIE, Y7 A4V NOBIBICKKT 2 EFH AN
T IVEFAHTRAZZTETIV (AKi, 1967) IES EDE LTW3S. BEETFIVICBIFBETIVLSTAZ—0IE, Y
TAXNY N UADIZ0, ik - Jbhe « RS - BN - BT —A 2 b « O—F DO 6 HTH D, ERDERET
JNITHRKIRIC DL HoTW0Wa. e, CTOBRETFIVICEDSOTHREH > I 2L —y 3 275551, BIFEA
R B IVITAGTBRES R & BB o R ESER M2 R U % C I & gt s ToiE o 7 — 1) TikiE#Re, <
NEMRU I T HUNER RO 7 — ) TAAHEHA G DY, 7=V TWE T3 Licky, YTAXRY D5
OHEFHORLNER L 2 KRDBH T M TES. EHIC, HHOY T ANy MhbottEdH ZEREGDbENE, HEHOD
RN KRES.

COXIBHAMEINIEZEBRETIICKD, HEREEORETHEEINIHETEZ 20 THNL, MEFHTIICET 3
TR SN, 2O TV AZEE L IEEH TR EICBWTERATH S LEZONS. £z, FERICE
PUSERT 7V 2 i EOCHE . (B, 2012 X T JAMIE (B, 2014 ICEH Liz& 25, ZORRIEIZOA
ABIFTHO, BLARVERMEEERET VLD S, BHENZMEFHOH 2 —HE> FHHETEZZHAESAH
BT ENbho T3,

72770, mEFOLERICEDEZ Y TARY M EETEBT S 205 EF VO I, %Eﬁﬁ%bmé<&éi9&
r—ATIREAEIME RS 2 C EMMURTHEINS. [>T, HHETIHED XS 7 ARIE X © & NREHRNIIE DL
DOFH, AETFTINVOBEHIE DL ASZ TN TREIN, FHEOBIHEEICES LT, &@Fﬁ®/\1p—/a
MNTCEEIZFRNTELL CLIBZERETHD LEZONS.

INREHIFR N HIEE 2 5 & U T2 B U EIRE 7 )V D O E I TSR I N TV 20 (BIRIEE - B, 2012, &
92T, BRAE L 20144 BRI %%@% 27 WS RE LU EIRE T IV 2B U, BEIRE D O EE DS 72 5
B 2 al—y g v z2HE LTz, BRUINNSGARZ—EIRDODEEDTHSD. T4V FO=1, HF¥=137.901
b#8=36.722 ZFEE=4.6km HIEBE— A F=2.0E+18 Nm I—F—JE#=0.25Hz ZEBHFHEOBEEDO®AEIL 2.7 X 103
kg/m?, #FEIX 3.5kmis& Lz, T7 ¢ T— a MREE U TR ENADFE 0.63 HIFEHD T 3 )L F—DIKF- 2 i)

DNl EFRTINT A Z—TH3PRTITN (Boore, 1983 1 0.71¢ L7=. Qﬁ@ﬁﬁ@mn(ﬁ% 5%, 2002 TR
HENTWAEZEHWE. MR ORHMEICIE 11 H 23 H 12:461C54E LIEREBEOLFREH W2, ZOFE, WDh
DUl TIEHIES) O FHIMEICREIZER 2 DD, Eﬁﬁ%®KNETE%%a® 2hE UT, TERUTZEMAERT T
WIEEFREEORE#RZ L FHETES 2 ehbho7 (KIZiE NGN0O02 NGN005 NGNO007® 3 Hiffic it %
BB X7 —) T AR MVOEFERZRT). 551 E S NEERNEANO RS ETR T 7L O 1

R, ZTOMARRZHSMICLIEWEEZ TIN5,

AEE PSSR AR e OiiERl SR 2 R LR Lie, OKOELA L EIFXT.

F—T— F: BHUGUEIRE TV, ERRIROME, s8EH), A XA 727 €7)V, 7—Y i
Keywords: the pseudo point-source model, the 2014 Northern Nagano Prefecture earthquake, strong ground motion, omeg
square model, Fourier phase
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