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(a): Surface projection of the final slip distribution of 2016's and 2011's events. Blue denotes the 2016's event and
red denotes the 2011's event. Squares and stars indicate set fault planes and epicenters, respectively. Contour
shows slip area larger than 0.3 m, with interval of 0.1 m. Black marks denote KiK-net and K-NET stations.

(b), (c): Final slip distributions on fault planes of 2016's and 2011's events. The yellow stars mean hypocenters.
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For the strong ground motion prediction, increasing the physical constraints for source models is
important to increase the predictability of the phenomena caused by possible future earthquakes.
Currently standard approaches constrain the source models basically with the macroscopic
characteristics of the slip-fault length scaling in a kinematic manner, where fault lengths, faulting styles
and slip distributions are determined based on judgements of professionals. Relaying on such external
information causes major difficulties of this approach since it contains large ambiguities due to
observational limitations and, further, it is not necessarily physically based.

In this study we aim to utilize results of dynamic rupture simulations to provide the constraints of the
source parameters targeting hypothetical future earthquakes generated along the Beppu-Haneyama fault
zone (BHF), which exists as western continuation of the median tectonic line, southwestern Japan. The
western part of BHF had been broken during the 2016 Kumamoto earthquake sequence. We constrained
our dynamic model based on the regional stress field obtained basically by the seismological stress tensor
inversions (Matsumoto et al., 2015) and newly modified fault geometry there, consisting of the three
segments called the Funai-Asamigawa-Hotta (hereafter Funai), the Misa and the Hoyo channel from the
west. The nonplanar geometry of these fault segments is treated by the spatio-temporal boundary integral
equation method (ST-BIEM) with the fast domain partitioning method. The simulation results show, for
example, the rake angles differ by up to approximately 30 degrees from the values assumed based on the
recipe for kinematically predicting strong motion, namely 90 degrees for the Funai and Misa segments
and the 180 degrees for the Hoyo channel segment. The dynamic rupture simulations may provide
additional information for the strong ground motion prediction regarding the rupture/slip profiles, which
are physical and natural outcome of the model.

This work is supported by the Comprehensive Research on the Beppu-Haneyama Fault Zone funded by
the Ministry of Education, Culture, Sports, Science, and Technology (MEXT), Japan.
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This paper describes the path diagram method should aim to the record-to-record residuals of a single
earthquake instead of a single station, to solve the limitations of the bracket. We use 150 shallow
earthquakes with moment magnitudes greater than 4.0 obtained from the Taiwan Strong-Motion
Instrumentation Program network to build the Taiwan ground-motion prediction equations for peak
ground acceleration and spectral accelerations with 5% damping for different structural periods. The
record-to-record residuals are divided into small brackets in a path diagram for six distance bins and
twenty-four azimuth bins. The mean residuals are estimated for each path bin, from which we can get 144
inter-path residuals for a source and compute a repeatable path-term for all inter-path residuals.
Comparing the results with those obtained with the same data, but using the path diagram of a site, show
that we obtain a lower remaining variance and the higher repeatable path-term with the 15" bracket of the
path diagram approach for a source. The remaining unexplained intra-event standard deviations are
40-44% smaller than the record-to-record standard deviation for peak ground acceleration and spectral
accelerations at periods of 0.3, 1.0, and 3.0 seconds. The results of path-to-path variability of each
earthquake show that some earthquakes of small magnitude have a higher sigma because their
source-to-site distances almost locate in the range of 0-50 km.

Keywords: GMPE, aleatory variability, strong ground motion, path effect, PSHA
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1. Introduction

The amplitude of a ground motion record includes aleatoric variability, even if the records observed at
one site by the earthquakes with same magnitude and same location. It is important to clarify the
characteristics of such variability in order to understand the accuracy of earthquake ground motion
prediction. Using ground motion records from dense networks, several recent studies (e.g. Anderson and
Uchiyama, 2011; Lin et al., 2011) have estimated the single-path standard deviations by removing ergodic
assumption. Those studies are based on the difference between observed ground motion amplitude and a
ground motion prediction model. Estimated variabilities may be affected by modeling error of applied
ground motion prediction model. In this study, the single-path standard deviation have investigated
directly from the amplitude ratio of pairs of ground motion records observed at one site by two
earthquakes with same magnitude and same location.

2. Data and Method

The amplitude ratios of pairs of ground motion records by two earthquakes have been investigated. The
two earthquakes satisfy the following conditions. 1) JMA magnitudes (M)) are the same. 2) Focal
mechanisms are similar. 3) Distance between hypocenters is 3 km or less. Pairs of ground motion records
of K-NET and KiK-net by two earthquakes have been used. Hypocentral distances of records are 5 or more
times of the distance between hypocenters of two earthquakes, and 200km or less. Maximum
acceleration of the records at free-field exceeds 1 cm/s?. As a result, 39,103 pairs of record by 696 pairs
of earthquake were used for this study. The single-path standard deviation (sigma) estimated by variance
of the natural logarithmic acceleration response spectrum ratio (v) of record pairs. sigma=(Var[v]/2)%>.
The acceleration response spectrum was averaged of two horizontal components.

3. Results

Estimated sigma from all data was about 0.3 - 0.45 (Fig. 1). This result at period of 0.02 s was consistent
with single-path standard deviations for maximum acceleration from previous studies (Morikawa et al.,
2008; Lin et al., 2011). In Fig. 1, sigma was slightly large around the period of 0.2 s. According to
comparison of sigma estimated from data of every magnitude range, the dominant period of sigma moved
to the longer period depending on magnitude (Fig. 2). Since site and propagation path of each record
pairs are the same respectively, the main factor of sigmais considered to be the differences in the source
characteristics of two earthquakes. If the rupture processes of two earthquakes are different, the
within-event variability of pairs of records from two earthquakes may be large around corner frequencies
of two earthquakes. The dominant period of sigma from large earthquakes was longer than that from small
earthquakes. The logarithms of the dominant period of sigma were proportional to about 0.4M, (Fig. 3).
Those characteristics of sigma indicate that the uncertainty of rupture process is one of the factors in
single-path standard deviation.

F—T7— KN :HhEE, BREIRI ML, E5DE, TREEMK
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Attenuation characteristics of high frequency strong motions due to
inland earthquakes in the Pacific coast of Tohoku region
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ETCQEREVRDIRBEOAERET LA, ZORRE, (1WTFNOMETHILAICERTEAIDOAIIRIELN K Z
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HBTHoT. £, QBRANH+100~T150kmDEE TIIQERMEDOMRMN|IEEICTE <, LLAEMLTWS
EDICHERABHFEDH o7, )T LHICEDEATIE, LAIDEFRICHNIT TOEE TIFLBRANEFITHED T
57, BAITRERFSICHNDEFICA > TRIENMPPRIRT 2EAI/RHO SN, ZDH5, (1)&3)IC
DWTRHBRFMHEOHAMS LOTHELRRBEICER L THERICET 2MEHDIES D EZERTEDLE
HICbEEAOND. e, QDFEICE L TXEIRD O DORE % 151710 L /- B2 IR RBI T I AER
TERWY, BREZOBEZER L TERN S OHERFFE RBCBRUEZEENICRT L THIVE
nH 5.

F—U— K EEE. NEE. BEEERRET

Keywords: strong motions, inland earthquakes, attenuation characteristics

©2017. Japan Geoscience Union. All Right Reserved. - SSS15-07 -



SSS15-08 JpGU-AGU Joint Meeting 2017

Non-Causal Zero-Phase Filters Underpredict NGA 2 GMPE’ s for
Long-Period, Near-Source Motions of Large Earthquakes

*Becky Roh', Kenny Buyco', Thomas H Heaton'

1. California Institute of Technology

The Lucerne record from the 1992 M7.3 Landers earthquake had motions too large to be accommodated
by the San Bernardino Law and Justice Center. This is problematic because this structure was designed
for maximum ground motion with triple pendulum base isolators. We investigated the predictions for
10-second response spectral displacements and found that NGA 2 GMPEs under-predict, specifically
long-period, near-source motions from large earthquakes. The under-prediction may be due to the
conventional data processing method used in the NGA ground-motion database, which is a non-causal
zero-phase Butterworth filter at a corner frequency corresponding to the expected level of noise in the
record.

Theoretically, a non-causal zero-phase filtered response is approximately half the value of the response
with no filter. We can see this by filtering a unit step function, in which we get a response with half the
amplitude of the original, unfiltered function. While non-causal zero-phase filtering leaves the
acceleration unchanged, the effect of the corner frequency in this filtering is noticeable when we integrate
twice to obtain the displacement. Therefore, because long period components of the recorded ground
motion may contain valuable information, it is critical to choose the appropriate period of the non-causal
zero-phase filter.

We examine the strong motion data from large earthquakes, such as the 1999 M7.7 Chi-Chi, 2015 M7.8
Nepal, 2016 M7.0 Kumamoto, and 2016 M7.8 New Zealand earthquakes. We apply the baseline
correction to the uncorrected acceleration records, in which we account for the linear trend in velocity.
Then, we integrate for the peak displacement. The same process is applied to the acceleration records
that are non-causal zero-phase filtered at 10 seconds and 60 seconds. We compare the baseline
corrected displacement responses of these earthquakes to the filtered ones. Ultimately, we take these
broadband ground motion records containing long period effects, conduct both linear and nonlinear
response analyses of tall buildings, and observe how static offset affects these responses.
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2016 FREARE CEHA I N-EARIEHFORAHAMEE)
Long-period ground motion in the Kanto basin during the 2016
Kumamoto earthquake

“HETT B
*Tomiichi Uetake'
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1. Seismic Design Group, R&D Department, TEPCO research Institute, Tokyo Electric Power Company

2016F4H16HDRERME (M7.3) Tk, ERHMSHI00kmBEN-EHETH REAMMZENERB I N T
oo TOMEICKYERTEFICAS LAMEESDOFEY. TRICHT2EFORBZZEMBLTH &, A
HATKMENRE LZBEOEHBOMEE %5l 2 L TEETH 5,

9. EHNOAGKEHERT 701, F-NETORE R #ERGENSEARBLDE TR, PSSV 2R
IN— 2R IC B EHA A1 0F) TRERGESRI60RZE E DEEE KA EFE L. BAREFICAINVEN T EEN
3.3km/sTIRRELTWS Z & bh o7k, TORKEEE. 2BEERLTEY S TREZEZONS, £, T
FAIDORIR LM DT &, FEHAEIBORER EFBUEIE L. ZORBENTEHFADAFTEEEZI NS,

RICEHFHOBASICDOVWTEFEOE L Z AN, BEREFICAH LKEIZ. THBTEIESI N EEE
ICHHGBSREIAIE ) B, 7272, COBAMSTHMMESOSHWEARITHNIOW THY ., AFEOHENKEW
EDRTREBEINDG, £, BH1IOWOEERBZTARY MUiRigIE, RAFEXRE WMERELIH Y, EHFHEAIOSE
HTH2cm/s. EHFOFHET5~10cm/s. EHFREBT10~20cm/sTH B, ZHICITHEREE DEWHERE
IC& BHERIENY TR, BEREOEVCEERLTVWEEEZONS,

B GEIFRE I, SREOGRICHEVELLL, IHEOEAICLERTRATRWMEALH B, FERFOT I
FTNTAINY—BTETD &, BMERBOECICIEEEODBENFELTHEY . RADEARIT EHEDL
DL TVWB I ENERTE S, FTE (SN)) BS5FE (CHB)., & (TGN)ICNF TOEERFEDOELEK
ISR, ARIOHE (SN)) THRIGIEEIIOMIZEETH B 1. RAIDFE (CHB)TIX180MUEICA>TWL
%, 2HREDEMASKMIZE T, BH10MOEOBGRENIRKELELLTWS, Ab. REEmATIEREI
BRODHESHASEHL TWEH., RAOTERBEE TIHEFREBCTIEIRAMDDOREREEHEROND LD
7%, RENFCHEET S S, IRBOEHARIZEELTHY., BOZRTEEICL Z2REROO Y AH
NRBIND,

BRITICIERRBADEERBEET. BIXRIFDOF-NET,. K-NET, KiK-net, [IRFDSHEAEEE TR % A
BLELE, ERICIIGMTERIBAWELE LA, BLTRHEVWALET,

F—U— K : 2016FERAME, REK. REHAMEE. BREEF

Keywords: The 2016 Kumamoto earthquake, Surface wave, Long-period strong ground motion, Kanto
basin
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Observation and preliminary 3-D finite difference simulation of
long-period ground motions (3 - 15 s) for the 2016 Mw 7.1 Kumamoto
earthquake

*Yadab Prasad Dhakal’, Shin Aoi', Takahiro Maeda', Takashi Kunugi1, Hisahiko Kubo', Wataru
Suzuki', Takeshi Kimura'

1. National Research Institute for Earth Science and Disaster Resilience

The Mw 7.1 Kumamoto earthquake, which occurred on 16™ April, 2016, at 1:25 local time, is the largest
inland earthquake to occur in Japan after the dense installation of K-NET and KiK-net strong-motion
stations. Many previous studies based on the recorded ground motions from this earthquake noted that
the non-existence of long-period structures such as high-rise buildings in the source area of the
earthquake avoided potential risk that could be incurred due to the extremely large response spectra at
periods of " 3 sto 7 s (e.g., Furumura, 2016). The occurrence of long-period ground motions near the
source fault area of large earthquakes, particularly associated with the direct fault movement, has been
well documented after the 1999 Chi Chi earthquake (Mw 7.6). On the other hand, if the size of
earthquake becomes bigger such as the 1985 Mexico City earthquake (Ms 8.1), 2003 Tokachi Oki
earthquake (Mw 8.3), 2011 Tohoku Oki earthquake (Mw 9.1), damaging long-period ground motions
could be observed several hundred kilometers far from the source area. The 2016 Kumamoto earthquake
also excited long-period ground motions at distant basins such as the Osaka basin which is located at a
distance of about 400 km from the source area. Nonetheless, the motions were moderate and did not
cause harmful effects on humans and infrastructures. The Kumamoto earthquake also reconfirmed that
the long-period ground motions can propagate effectively in the north east region from the source area of
the earthquake due to radiation pattern of the typical fault motions and crust-mantle structure in the
region (Dhakal et al., 2016). In this paper, we describe the observed characteristics of long-period ground
motions from the earthquake and compare a large number of recordings with synthetics from 3-D finite
difference simulations. We employ the 1° grade subsurface velocity model reconstructed for the
prediction of long-period ground motions by Headquarters for Earthquake Research Promotion and the
source rupture model by Kubo et al. (2016) who used strong motion recordings within a distance of 100
km of the source fault for inversion. This study is expected to contribute to better understanding of the
performance of the velocity and source models for the prediction of long-period ground motions from
future big earthquakes.

References

Dhakal YP, Suzuki W, Kimura T, Kunugi T, Aoi S, 2016, Analysis of long-period response spectra from the
2016 Mw 7.1 Kumamoto earthquake. In proceedings of JAEE annual meeting P4-20.

Furumura T, 2016, Destructive near-fault strong ground motion from the 2016 Kumamoto prefecture,
Japan, M7.3 earthquake. Landslides 13:1519-1524.

Kubo H, Suzuki W, Aoi S, Sekiguchi H, 2016, Source rupture processes of the 2016 Kumamoto, Japan,
earthquakes estimated from strong motion waveforms. Earth Planets Space 68:161.
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FREFICE T RAMPMES O LMY

Generation conditions of long period ground motion in Kanto Basin

‘EH EEE G EE

*Yurie Mukai', Takashi Furumura’
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EAR)=ED]

MEERZR VBB TAIE (M>7) MREAEIC. BREHTIEABI 10 ORBHMES @ EKT
%, FVWHETHRICEN L-RAPOXREENRIEHAGEL. 5 (Rith) OHBEETRIBESIND &
EHIT, Bitima 2RERE L TREENESIET 22 EN—RICRIASIN S, CNETORAREFTOH
EHAT—9H 5, FBRPBACKFLEFDOHMETCIIRAGPMEFN B FEL, Ribh A TRE L2
ETIEERBELIBV EDERINTWE(E% - BE, 2012; Furumura, 2014), 2D & S IC, BEREHFD
REBESHOERRE S MEDOAAMEICIZ. FHOD 3 RTH FEELGEREOSER SKe RRAHE
HhoTW3EEZLN, AR TIE. BREFORBIAMEEIEKICHEDBUVWAMEINETN D[RR % E
57012, 2004FEFBERHEORBARMEHOMERGE Y IaL—YavEL L. W ODDEE
HIRET L 7=,

MEDHA & REAMPMEEDERK

AREHFCORBHHESNERICS T I HMEOAMEDHEATMT 272D, EREDOHEBEEET IV

(JIVSM; Koketsu, 2008) & RAW/HERGED 3 RTENZEY I 2L —2 3 V%1727, 2004FFREH
HihE (M6.8) OERMBET L&, BREHFISIIR~FERARDOAMICEFERICREERE LCEE
L. EREHEIaL—2aviaEiTok, ZORE. WEEL S DBHFHEDOREZ L T, MEETEZ
EROAMICEDECHEIEZ, FTEOHER. A OTHAINZRABMES L. SR/ FRPEHDAA
Tl RY, RIEMADAMTIEBEZ I IO LN, LHALANS, ZTOEIXEEER 6 WOREG
BECHEREICEETT. BROKRZREWVETET 3ICIEFR+2DTH > 7=(#104EF12E; Furumura, 2014),

BRI A O ORER D RETHRIE

ZI T, FRHDHOMEPRILOMELREY, hEBICROSNZ2ARTEHFORBHMEHOL RNILOKXKERE
FEOREE LT, BENSOREMEDHBEFEDEWNMIDOWTHRE LA, 22T, FIBPHBEOERET
LWDETEVK IO EALBERGE I 2L —YavaiTw, BOTORASEMESHEHE L, TOE
R. REAPHEFSDL ARV EBRBEARI MLOE—VBRRIIMEBETICEL Y RKELLEDY.,. ZOXEIEILLE
DHEDAMICEZEELY FoEREVWZ ENDD STz, FLT, BOLTORBARHBEEFORELAGCFICH T
ZHRBLANILE,. FrRhEthEOKBET (212F) ICHYT 2HMEMBTCRE( ARSI I & bh o7,

A RRER & 2 BRRER

AT, EHICB T2 RAPMEESDOKEE LT, A2 {EHLISEINBMIFE CRERICEBRL TEEN
% [RMAERKRER] &, MRERERE L Tobho TELRDY, AN THORERICEMRT 2 (R
Rl D2DDANZZXLDN—BICERSINTUWS (=& A1E. Kawase and Sato,1992; Kawase,
1993) , ZMH B, FREDHMBEOKIC, BRIEFICS T2BMERREMEDTS2ARDHIC. EHE
BREDPOBHEREZAIFERFGFICBEZRZ., RAKOGEEZLELOALETICHERGE I 2L —Ya v
To7, R FHECORBHMEEFORIBIEERE L. BHIWLULTOREIGEL NILA1/2I2EICEH
For, LEN->T, BREFCORAHMEFHOENRICE VT, BMIFEBTORMEDERICL B2FEIE/NS
WeE Iz,
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FEHESRDRE

UEDREHN S, 2004FFREFMMEBICE W TERTIF CHRVRBIAMES IS S NIRE
i, TAERICBVWTERABICKREAKR B B ShAcl s, GRBREBZREARIRGHELALIED2
RICRALHBEEZOND, —H. RILMWADOHEBICE VW TREHMBESMHNBVRRIE. BRMN S DRER
DBEFENELY ., M OXEFAFOCEBER TRERDOBRAKRE VW EHERLTUVSTREELT L.
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Keywords: long-period ground motion, Kanto Basin, surface wave
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LEeEthEE S I 2L —>avVICLDMEEFDIES DEDEE DT
Spatial distribution of ground-motion variability in broadband
ground-motion simulations

S RFE . BTE B HIEL. BR LT
*Asako Iwaki', Takahiro Maeda', Nobuyuki Morikawa', Hiroyuki Fujiwara1
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ERMBETI M TEEETIVICEDSCHEFH VI AL —YavIild>TUF ) A hEDHMEE TR AT
S, TEHMAHEFHILANIL] & TETILOREERICERT 2MEEFDOIELSOE] OmA%IMT 2HE
N3,

AR TIE. N TV Y REICEBEEEMEH S IaL—YavIld>THBETILOFRKEEME. FTH
NS A=Y DBARMIES DEICRAT 2 FRMEEDILS D EFHIEAH A7,

BMINMER TH 2 2000F SIMBANME. B LCHEMBI TH 22004FFHME (£HICM,6.6) ZE
TNV ITDORGE Lz, RMEEZRRE LDIFE, BHRIRZELEBRT I EICEIYMEE Y I2L—23 VD
NI A—IVRAEWERT 272D, BLUVEENLMTEEDOHELERT HL-HTH D,

ZNTNOMEICOVWTHBMNELHK (RS -1& - ERA) . XA L%FMELTCEESE, LIE
(HEALR, 2016) ICHEIHUHEERETILAEREICLT. (MT7ARY F1AIE. QBIEMES. 3)HE
E—AYVPMDIDDNRZA—=FICDOVWTBANIES DEAZERBLAESHOBRETIVEAER L, 7ARY
FAMUBIF2DDT AR FAAEWCERLARVWEIICT VY AICEEB L. BIRFBSICDWTIEEE LR
M HAkmd UIRWkmBEBBF OO T VS LISERAR, HIEE—X Y MM AR - Z£(2001)IC& Y EE
BSHhoROONZEEFHEE L. ERARBOTEL2 o TREDERD LD BDIEEIMEER Lz, HE
E—AVMIESLDEE522—AT. BEABEL NIVAGE - #(2001)ICLPAMEREBEEIE TS AT,

BONEERETIVEEEI-SHIS v2OIRTREBBESET L (BER - 1, 2012) ZAWVWT, = RTEDE
(Aoi and Fujiwara, 1999) &#iEHHI ) —VEBEGE (18 - £k 1998) ICL 2 1WA EHEARE LinNg T
Dy NETHEFHZFELL, EREEZICEWVHEREN DM L TLWH2004FFIEICDWTIE, BEHA
HMTFEEICLZMEBDOIES ODOETDEMOTANDHEAXREL 50, BHMLEREBEBEERELZHTEEE
FILERWEEL T,

ZNZTNOMEICDOWVWTSEDERETIVENSEHEINAI0OMA v > 1 R TOMEE % 5% BREIMNERE
JGEZARY ML(Sa) & UPGA, PGVDIEIZEA AW TEHE L IZERESD (HEHMRITHFTERI XY NEODIE
5D X, inter-event variability) Z=X&7, EEEDSaPPGATIL. BIEH S DB KE < A3 T ESDIFN
L BRBEWVWD EEHEKFEOEANEON-, —A. TRULORBERDSaYPGVIE., KIEERE Dforward F 7= 1
backward SEI CSDA KR EZ B3 ERAN RSN, PHEETCZRTHTEEET L EAVESZEIE. SDDZE
BomIERL M TEEICE > TEL L,

ST AMEDOHEEFRICHS T ERMEFDIESDOEDETIVEICOIT T, ETIEETIE. VB ZHh
ZTHNICDOVWTEMAMTEEDIZEDSDOEE I EREERS L MBS B SORTAEICE > T
m)%E L 7=,

AR TIRIESDEEEZ LIRS A—FICRU D H D7D, HEEBDIESDESDOKRE I +oICFEHETE
TWARWTEMERH Y., SEIIBIBCEEREELREMDONRSA—YDESODEERFTIEEHIC. BERRT
BRESHENISBONTWVWBIESDEEHHEEB L TW I RELRH S,

F—O— N HEHFH, WEBORFSDE, BRI A—4, THEEM

Keywords: ground-motion prediction, ground-motion variability, source parameter, uncertainty
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Broadband strong motion simulation for the Beppu-Haneyama Fault
Zone based on the recipe

ER BT =S AES R RHS MEE°. HAREY B AT Rl e
*Masayuki Yoshimi', Hiroe Miyakez, Ryosuke Ando?, Shinichi Matsushima®, Haruhiko Suzuki?,
Shunpei Manabe®*, Hisanori Matsuyama*

1. EERMRESTRAEINE - MUFFREM. 2. REXE. 3. TR KRR, 4. [SRAME
1. Geological Survey of Japan, AIST, 2. Tokyo University, 3. DPRI, Kyoto University, 4. Oyo Corporation

BF-BELMBREERIEONA Ty RRICEZLHEMESFAUSAEEEREL ., BRARLIHEL, &
BARARNERET S ) — VA S —RTIBIEESTE. RABAIZEDETEE Lz, IZMERETEXLE
%, BEEICOWTIETRTIBREETE AR L 7.

EBLMBIX. FR-XRI-BEHEI XV N ZERIAV N EFBHEEIAY NOEETH S, I
EEMERVOEREEICRITERERREFMBMAEZZER L TERE L, 2D>5, EMENSRZEI X
v NDERAIIZATE60° D275 —RE Lz, BYARNFERLOGGEER L -EREES
Tal—vyav (L - i, JpGU-AGU 2017) DOIFHEE L. ZOMODEIE/NZ X —%dL 2 E (rikura &
Miyake 2001, 2011) IC#EM L7, BEBEETIVEAERFAETHERLARDPEES S OKRDTEHHEOEE
BEETIV (FR - fh. JpGU-AGU 2017) 2RV, L ¥ E#ENDOFHMLEEINRIC DO W THRET L,

AR, XEHMHFEARFAER HIF-FFELURET (KOFH-BAGRMETRS) ICBT2ERNAHAE
Rl O—]RELTEBLE L,

F—7— R BEE FEME. N1 Ty NE Ko
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Strong Motion Simulation considering the Fault Parameters based on
Dynamic Rupture Simulation on the Beppu-Haneyama Fault Zone

WBE-". TR MIT. T =H. =E3E. HAEES’
*Shinichi Matsushima', Masayuki Yoshimi?, Ryosuke Ando®, Hiroe Miyake”, Haruhiko Suzuki®
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F—BELMBREDS> B, FR—XRII-EAEI AV M ZkEEIXV N EFBHEEI XY FD3E
TAVIDOBREINZ2ERMBETIIVAZE L-BEETAETY. BERMBETILOMEB/ NS X—45D—
Wiz, SREBICH T ZEMMIBBIRESIalL—Ya Yy (L - fib, JbGU-AGU2017) ICEDLKHDERY A
Nd, ZZTR BRAICISCEZIRYVABEA—NTYy TLTVWARWSEEI AV NEEFBEEI AV MY
DEBREBICOWT, BIMNEZERIES I 2L —Y a3 Vv OBRESE IO, £, HBEESICOWVWTIE, &
ANAFEEIORREONAFLVWVARETICBEEINAZZRTEESBEET IV (FR - i,
JpGU-AGU2017) &RV, BEBGEICIZBREDE (GMS, BXB 2RI 2RV, WE/NRS
A—IRHWIERBERDEWVICL 2 TR2NERTOBREHDEWVICOVWTHRIT AT o7,

ARIE, XEHRFEAERTEEFE BIRF-AELNES (KOTH-BHARETREE) K657 2ERMRREE
Al o—®mELTEBELE L,

F—U— K R -BLELNES. BREERE. BEHYIalL—Yay
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Strong ground motions observed under the 2016 mid Tottori
prefecture earthquake, Japan
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2016F10A21HICEREFEICEVWTMj6.6DMMENFKE L (EXR28FESNEHIPOME) . Z DOihis
TIX2015F10AN L ERMEZTENH Y, ERAZTHRIFOSFHRZHREL TV, BREHEHOMET
i, BNE, [IRFT, BBXRZRMMBRAOERES, BEFTEZ OREHUZHEIELNE. £, BERKX
FTRAEREPNMIBEOREZ N > X & FOICERFOBERAIREHZEL TRESANEZER L. 15
INSOYHRERTA S, EUHESHKA T DGAAOMBIEEREIECHFEINTVWE I ENRBI N, &

IC, BRICEMREL COWAEERBBSIEANIC L 2BOsBAR R E, BESAATEONRHENLERER
W—BlERLE. D& RHBEEFEIBESNEES SUCHEREICRIFLAZEAFDIC, BITER
HWRET .
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Damage Islands in Mashiki Town from the 2016 Kumamoto
Earthquakes
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*Masumi Yamada'
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The 2016 Kumamoto earthquakes caused serious building damage in the near-source regions. The first
earthquake (foreshock, Mj6.5) occurred at 21:26, April 14 and the second event (mainshock, Mj7.3)
occurred at 1:25, April 16. Since there was only a 28 hour interval between the two events, it is difficult to
separate the damage of the two earthquakes from field surveys.

We analyzed aerial photos taken by the Geospatial Information Authority of Japan on the 15th and 16th of
April and investigated the distribution of collapsed buildings along the Akitsu river. The photos cover the
most severely damaged areas in Mashiki town. The two sets of photos taken between the foreshock and
mainshock and after the mainshock, enable identification of the separate damage due to the foreshock
and mainshock. The damage distribution is very heterogeneous, and the concentrations of severe damage
occur in isolated areas resembling islands. The spatial pattern of the collapsed buildings due to the
foreshock and mainshock were similar, but the number of collapsed buildings from the mainshock was 4
to 5 times the number for the foreshock.

The distribution of the collapsed buildings was compared with other information, such as the location of
fault surface rupture, geomorphological map, and the location of the older built areas. The surface
rupture was observed in the center of Mashiki town. The largest offset was about 40 cm along the
southern edge of the concentrated damage area. Since this surface rupture was observed only after the
mainshock, it is unlikely that the presence of the surface rupture generated the similar pattern of damage
for the foreshock and mainshock in Mashiki.

Local geology in the survey area consists of the floodplain of the Akitsu river, multiple layers of river
terraces, and an upper plateau of volcanic material. The heavily damaged area was in consistently in the
lowest river terrace. The floodplain has the softest soil conditions in the area, but damage on the
floodplain was much less than on the river terrace. The soft soil conditions are confirmed by microtremor
array observations which showed thick sedimentary deposits with S-wave velocity less than 100 m/s on
the floodplain. The observation that the most severe damage did not occur on the softest soil sites, is
contradictory to many past studies. This unusual result needs further study to clarify the mechanisms of
this damage distribution.

The damage islands correspond well to the distribution of the older built areas, which were constructed in
the Meiji era ("1900s). Our photo analysis showed that the older buildings have a higher collapse ratio
throughout the area. Therefore, building age and deterioration of the structures contribute to the damage
distribution. The cause of the damage islands is likely due to a combination of the subsurface soil
structure and age of buildings.
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A Study on anisotropy of shear wave velocity near the source region of
the 2016 Kumamoto earthquake

-On the basis of seismic interferometry between ground surface and
down hall of KiK-net observation-

*STAR @AER'. hniE A

*Kentaro Motoki', Kenichi Kato'

1. /NEEEZFRSURR
1. Kobori Research Complex

1. IZC®IC

201 6EERERIME TOHBET DO AIRIBOERER & LT, BB PREE AL EH SHBIERBOFTSANK
ZVWCRBARTRENZ VL, EELIE. HETLAREICEDEHBETIL (LU #ETETIV) Z#E
L. KiK-net#igk (KMMH16) DNSHZ DR —thrh B OImEREE #5508 L. BIBIRILEE & DB H S Hh
BIBIE  WEDOREMREMEI L (GtA - i, 2016) » LA LEWESICEAL TIERA B ETILTEREATE
. NSHD & SHIRBBHANER 2R ERT I ENDD 27, I T, AMETIHKMMHI6%2ET 3 &=
ICBEWVWT, ERTFHEICEDESSKGERB &2 KFE2HD TKRO, BREEDSKEENDEAMERAE L,

2. BAHERET—YICDOWVWT

FRATIC IEHhRECHR & b EEsRk 2 AL, HhAhEEERICH T 2 REHZ DT IV AR 12— a3 v EITHIT &ICEK
Y, thhthREOGEEEEANRS, KE2ESZTNFNICT L GER L, GRIEEOZEVERARS,

R ICAER L 728U IEKMMH16 (GL-252m, 335#&) . KMMH14 (GL-110m., 474t
&) . KMMHO3 (GL-200m. 354#hE) D3mTH 3, () AIEHPEH RS SthEHERT, BEESHEE
BTXBEICERICANS 2O, PRASAESN TV VWE XTSRRI OA L, BITEEIXEHFRET
ERAWE, BB, KMMH16ICEWTSK20MEEZAWEEITE TV, 2RFREE2AVEER EEROBERN
BoNBZEAEBELTWVWS,

3. MERFHEICLZCEEEDODRAN

FTAVAR) 2=y 3 VEHOE— 7 M RMPEOSKEOEEE-EICARS, TaAVA)a—Y 3 ViEROS
REBROT VY TIVEHEEY, KMMHT16DNSHKS EEWRDDE—7 &2 k$dB &, TNEN0.50f &
039 &7 o7z, EWHRDHDNSHED & W BRWMEIBERE THZ I &ERLTWD, NSO DIGEIFBILHMEITET
WIC & BIEBEBE T LD, EWRDIEPSREBET IV, MBIETIOMETIVELHBATEIENTER
Mot HEDERAMERTIRTIA—FELT (Vi V) NV 2RO D E22%I705, ZOHOEASTK
HEEREIE. WThOBRSRTEEWKRSDEV, FIRD/IRT X —9 %k 5 &, KMMH14T
15%, KMMHO03T23%& %> 7=,

4. HMEBEAREMMECHBEIERTICET 2ER

FHIC K B2EBHERDEVNE. KREMEDFRERMICEZZENEZOND, HBROFRERUENSVE, K
DIEABICE > THBENZEHLZEEZONDDT, KMMH16ICEWT, hEDIIRAMICK 2 EVERAEL
7o KMMH16%Rm& LTASEICSBRIRICHZIL., BRMBICL >THE L, ERAADEWVIIFEALE
FOHONT, RPTEDEVDANKEN D/, TDT EIFHLICK BDEBEBDEWVE, HBEOTRERMT
SERBAP#M L W EERLTWD,

RIS, HBEDIEMIMIC KL 2R E AR Lz, HhEROMBOIERIMEEICL Y. HEROGREBEEIE
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22 EePMESNTWVWS (FZIE, Yamada et al.,2008) , BEEAMERE COGREBBOLEHA2HAET S
&, NSHMETO0.02%, EWARTO.03MDEVWHSR SN, HBOIFEHUENREND Z & IFMRBTELN. 2
DEIFRDDENEY HNI L,

REAMEDEREILRAERE. miLEROSABER>TWVWSE I ENGNSSERWLBFMSHEINTL
%, SEEEDEAMDERD—D & LT, AMUICLBIEHDEVWSEZONS, &WELDERARTHER
BDEWERDZDZEICE>T, BABEDOHIGHARETE S, RILBXRICSVWTHMERFTSHEICL>TE
BHEDGBEBAAMICE > TERY., ZRIETL—FDEZEHFIGELTWE Z ENEEINTWS
(Nakata and Snieder, 2012) , ZFDZERELLIENIGHTI3ICHEWT7% &S h, BEAMEDERAETIEZ
DENLVBEEICRENTWS EEZ SN S,

Sk, CEEEDOEFMICOVWT, LUZKDOBRARTERT I &P, HOREFE (FIAIE. L
O—N—FEECMERE) BRAVEBFTEZTV. ANCEDHBETILEAEETIFETH S,

F—7— K : 201 6FRRAME, MERTFHE KiK-net, SEREDEAMH

Keywords: the 2016 Kumamoto earthquake, seismic interferometry, KiK-net, anisotropy of shear-wave
velocity
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WMEN 7 LM IREBEICLZ2ELERNOHBETLHFEHOREEEDHE
Velocity Structure Model of Sedimentary Basins in Toyama Prefecture,
Japan, by Microtremor Array Measurements

SRE A, SH B0 =B ML KE &R, S8 nE
*Kimiyuki Asano', Kunikazu Yoshida?, Ken Miyakoshi?, Michihiro Ohori®, Tomotaka Iwata'

1. RERRZBAKIFTRAT. 2. — R RFEE A s SR IRIB IR Z0RN. 3. @HKRFEMBERRFH TEMEAR
1. Disaster Prevention Research Institute, Kyoto University, 2. Geo-Research Institute, 3. Research Institute of Nuclear
Engineering, University of Fukui

ELEOERFEE, ). FRIL. BRI, BEEF)I. &/, E)lRERELURLSSELBISHENAD
KB o BRI S BFREHICL > TEKR I N, ENSEILTEE. FKEEH. HEEHFE LTRAS
h3d (BEH, 1992) . ThoDHBEFHOMEEHROEHE LT, BB EMROTIC. BARBEHRES L
VZNUBOFE=ZZI kMU LOBES THBL TWAZ ENEITFONE (BILE, 1992) , EBEIIREL
REPHEREEENOMRD, £/, EPLNES. HMETLHHES. RENETE V> AXEEBNBETHILEH
ERBEDERMEREICOTT ZIELN. BUN S TABICEEROEMBOEEIREINTWS (AL - 1,
2014) . FEEPEEHOEMBE CRET 2HMEOREHFAICIZEECZI2MTEERESET VIR TRTH
35, BLUNEOHBEH CIIEERRF COHBREOSERERBEICEA T 2HFAEILINEITITFEAETHOLNT
WAH o7z, ZDdH, BAITELENOHBREHT2ZWHRICHEN 7L 1 BELH/ICEREL. HEBORER
EEHEE L7,

WL TOMET L 1 EBflIZ. 2014F108. 1MBRU2015F1T1ADIRICHT T, sH15ETEEL L
(MEBE8R) , YA MIBEORE - EESISRDOEEISEE L, THIIIBAZE 1S (NYZ) . &
Emiths (U0Z) | BIIm1s (NMK) o ARETIERSZILET 1 (TTY) . Blum4ths
(TYB. TYF. YTO. OYM) . &fK3#thsx (SIM. DIM, SNM) . g1t (TNM) . FEiFm2ihs
(FKM. NNT) . /MNrEH 1 (OYB) TH2, FMATIE, HEEBHISHMEEARFI TOREEEBHREF
2720, $R20mBEONTLADLERISKkmBEORTLAET, 7LIHEROERIBEHADOT7 LA
BRAEERELE (BEFRHNART7 LA ERP7 L1 BRI SRICE > TERS) . SERIZLE-3D/5sEET7E
ICEZZEE=ARTLAICLVITo 2, BRIMEIRESKICZEBEHEEE (SPACE) @A L TEML. i
EEDDEHRES, SERSTIE, $0.2 HzD 582~5 HzOEE T, [MEEEDD IS SN
7= NYZ. UOZ. TTY, TYF, YTO. OYM., TNM. FKM, NNT, OYBTI&. 2 HzfiELl ETHABZEEH
0.6~1.0 km/s& LLEBIBRWIEEEABLONTHE Y., IhoDRIERERIICAEL TE Y., THHERE
LOMBABEL TWE I EATREREINE, RIFIC. NMK, TYB, SIM, DIM, SNMTIZ. LLEHED DAIE
EE (#30.2~0.5 km/s) IESNT-,

BoONDEHEHROERMNE. 28UIEN S, Rayleigh#FEARE— NOMEREICHIET 2 EREL. ELHNT
LY XLEBWEHERITEE (Yamanaka and Ishida, 1998) IC& > TSIREEEEDHEA T o7, BiE
DIJ-SHISV2EFIL (BRIR - fth, 2012) #EBICLAZETINHRETICE TR E2BENE LD, EHOEN
LRPHBECHMERABRNISRZKEREEBEZIREL. FEBDSKEEIFI-SHISTHWLWONTWSEICEE
L. BAIGAEREICT7 1 v T 2LD ICHBEBRBOBE%#IFZR L. mERKREIE TOERIMEREE 0.6
km/s% FEZ2EARTIE. KEZEBMLKREOSEERELEEZEOETHRELL, £ W OHDOEHAIS
TIHBRAEEBMAERED 74 v T4 VT ORREZHIET L. Vs 0.6 km/s& 1.1 km/sDEDMEICVs 0.75
km/sDEBAEEMLE, ThickV, ERARICEVWT, BRMEEREDRFHEZMNRERAT 2 KERBEE®EE
EFIIEBONE, BLUEHTPHEEFOETERD TIE, HEEBDFEINS~6kmICERRZ &b
Motz, FEBREFICOVWTIE, Rit - BIFEMEREICL2NE —HEIRTHESIN TV AEFRE=ZRD
R (Ishiyama et al,, 2016) & HFEMNWTH 5,

S, AMETEOSNIZERY. BREOV IV P TERINTVWEATMEFREORRE LR EEKS
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L. BRBEBO=ZRTEEBEETIORREED TV FETH D,

HE . ARSI ZEARERMARMAEZEEX (HABME - FRAE OO/ ] (RERE

B RERAEMEMREMNR) O—88& LTEBLE LA, B TOMBERIZ. BRELEIS AT TFY ¥ IAHE
. — MR R A IS AR IRIB A OR,. R AR ZB XA RAMRCBEREAROBRFROIHADOTICERLEL
oo EELTRSHWELET,

F—7—N:BILEEH ZEBEETTIL. BBT7LIFE
Keywords: Toyama plain, velocity structure model, microtremor array measurement
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FRMIHICH T 2 EHEHEZEEFHMED D DRE - FEHBREHEBEETILOD
BE (202)

Modeling of the subsurface structure from the seismic bedrock to the
ground surface for a broadband strong motion evaluation in Kanto
Area. (part2)

ek B, BEHE. ME QL Mt BTHE B BR LT
*Shigeki Senna1, Atsushi Wakai1, Kaoru Jin1, Hisanori Matsuyamaz, Takahiro Maeda1, Hiroyuki
Fujiwara1

1. BIR R R AR, 2. ISAtE

1. National Research Institute for Earth Science and Disaster Resilience, 2. OYO Corp

1.4 CoIc
FiSRIEFCld. ChE CICERSICS W THRETIL (SEHEE#E) OaEL"? 517> TE =, KR
Tk, T5RZEELRELT. A=YV ITF—9BLUOMEBEBNT—9EBML. &VWEEMICKIHEESET
TILDEEFEEMRET L. BRI DR - R EHMBETILEBEL -

ARETTIE, B2 &YW EEREEA (TEHOEB LY ERVEE  RIPHEE) (L. TRTEERIEIC
L BEEAGESFRE 1 MERIEME S OB ATV, BEOBBETIILICH L TOITENEBLURXOBEER
MET>TWD, I Tk, BERLiE (1#6R) DFERERET %,

2. S ETINER DO DMBEET—4 (K— v - thEBRIEE - BMBER) OREICOWVWT
AR T, ERBFELIBICEWT, BERAEIFAELTVWER—) Vv I7—%, MESRALHED L UER
WMENER T — Y DINEEATo7, R—Y VI TF—SDINERHKRFD [VF2F—> a3V | ICBGEETS
T8 &, BARIET 2EEERERAFS LUCRBAEELEEDOR—) VI T7—9F52WOTNEL. FITKE
D ETIERIER Lz, EHRREHZICOWTIX, K-NET. KiK-net. [RF. BAE (EICB) OFH
REREINE L7, SREEBSRICOVWTE., 2EBREOHB 7L AEHEZERLTWS, 1 DIFB/NT L1 &
T. M1kmERTH10,000 (EX29F2RIRE) . KEDHOT7 L A EiflliE. ¥5kmRERE

T. K-NET, KiK-net, EAHRDEEEAMSZEDH520thS (FE/R29E2AIRE) TENEFNERL K, &3
ICIE— BV S B ENEAIZEEIU-210, JU-215, JU-410 (BHILTE4R) 2B\, &NT7 L1 838

&, 60cMDABICKB=ZAFDTL A E5~T0MDTEAT7 L 1 & TkmBERBICTITW. 159 ORI %
To7. WENT7 LABAICDOWVWTIE, MSkmERTHRE L. #&R=(800m). 400m, 200m, 100mDKE X
D=ATDT LA E, FREWENIBERICDOVTIE, —i1875m, 50m, 25mDLFET7 LA (—&B
R=10~60mD=A7L () #BEALL, ZAT7LAICDOVTIK, 909RRE, LET7 LA ICDWVWTIZ30DTEE
DB *1To 7=,

3. ¥IHAHEE T T IL DFESE
REMEAEETIILERICOWTIE, MBS I VCTEETIVOEAZERL. F—) VI T—9DH5E
2IFZ0OBEREFEHAL. BOEROMBERICOWVWTIE. BMOR—Y VI8 2ERYT—9 5 AW
T, RS EFELAVE D IC. HEBZMNAREEZMA TRHEZT 7/, I 5IC. FELLHEER
F=9ERAVT, FRTHHBETILIDOA Y a2 T EDHBERT— 9B LUNEDEENHT—9 E/ER L
oo BB, T—IDVRWVWEIBTIIERTEIBNTLADT—Y%5FRAL. EEBEOEREEMEL TE
BREHREL,

4 EHET T L OEERF L ERS N BT
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WEMRERNT L A)TIE, BET—FICL U BONAEADEBRICHT L, B AREICEMICERT S
SPM(Simple Profile Method)“c‘:iﬁﬁ@’l‘ﬁ(Simple Inversion Method(Pelekis and Athanasopoulos (201 1)),
Arai and Tokimastu(2005)?) %17 > T. ZDFEHEEAWT, HMBOREEEE KD, BE. WRTICKL
T, EEOBESARICSWTERAINAMERFOSI—FEEAWVWTR/VRARY MMLEKRD, IhEft
AR (aaAv b -AvnN=yYay) aRELE, ERSNAEARBESFHOMBEEET LA SE
MIN2FENPTS - DHEDORIEE (AVS30. FHEH. EEES. RAREBREE) EREvyYavOR
29 —H%K (BHEFHM) ICTHRET 2,

5.%&0

AR TIR. BEORECHITZEE - RERRABBET N AESSICT—I5ENMT I E T, BREEL
HiTo7c, BAERMEBTHERINAZITEMNERE, Zhi V) ERVVEHHBBET VL. BEOXRBHBETILE
e 2 e, B - BEEMLISRE L, —RTEERIBEOHEICS VW, FICHKOBERTEELEH
1TMHEDERINISICHE L, REBOEBRELT, BIATLAICE>T, K=YV IT—9DHTIE
T—9 DD HEERDE# L L Ws=300~500(m/s)I2E D THMEREDDEEIC DWW T, MEVERIC & 54148
ErEAHEYEDOTMICLK > TETILIORBRE NS Aok EEZL B,

B
AR, MERERA - 1 /RN—2 3 VRBOSIP (M, /N—2aVAETATSL) LYY
h7RBEE - K REDRIE] (BHEEA 1 IST) Ik > TRESNE LT,

SE HR

1) %8 EF. BH 2. M E G BE AN =2, WL HE, BEIR K17 : REENFLE O 72 b OB R i
ICH T ZRE - FEMAMBETIILOBE, HIKXERFESKS, 55525-12, 2016.

2) Senna, S., T. Maeda, Y. Inagaki, H. Suzuki, N. Matsuyama, and H. Fujiwara : Modeling of the
subsurface structure from the seismic bedrock to the ground surface for a broadband strong motion
evaluation, Journal of Disaster research., Vol.8, No.5, pp.889-903, 2013.

3) KHEBA BRRILIT. AEH—  hEMKOLODOMEETEET — I R—ADEBE,. HAMEIZS
MXE. F135HE1S. pp.1-16. 2013.

4) Satoh, T., C. J. Poran, K. Yamagata, and J. A. Rodriguez (1991), Soil profiling by spectral analysis of
surface waves, in Proc. 2nd International Conference on Recent Advances in Geotechnical Earthquake
Engineering and Soil Dynamics, vol. 2, edited by S. Prakash, pp. 1429-1434, University of Missouri-Rolla,
Rolla, Mo.

5) Pelekis, P. C., and G. A. Athanasopoulos (2011), An overview of surface wave methods and a
reliability study of a simplified inversion technique, Soil Dyn. Earthquake Eng., 31, 1654-1668.

6) Arai, H., and K. Tokimatsu : S-Wave velocity profiling by inversion of microtremor H/V  Spectrum,
Bull. Seismol. Soc. Am., 94, pp.53-63, 2004.

*—0— K BEBTH. SREEMEET L, BBTLA. K-V I7r—y

Keywords: Strong motion evaluation, S-wave velocity structure model, Microtremor array, Borehole data
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R Z AW L Y —N\ERETICL 5 RAADEBRE DHE
Estimation of bedrock depth by receiver function using strong motion
data in the Kyoto basin

TAEH, EEH A EEA g

Tomoya Shimomura', Kimiyuki Asano’, *Tomotaka Iwata'

1. REPRZR SRR

1. Disaster Prevention Research Institute, Kyoto University

We estimated R/V receiver functions of P waveforms of local earthquakes observed at strong motion
stations in the Kyoto basin. Assuming a peak time of observed R/V receiver functions corresponds to the
difference in arrival time between the direct P wave and the P-to-S converted wave (PS-P time) generated
at the sediment/bedrock boundary in the Kyoto basin, we got the basin depth. The present Kyoto basin
velocity model (Kyoto Prof., 2006) agreed with the obtained bedrock depth at most stations except
several stations located near the basin edge. We modified the bedrock depth beneath each station. For
validating that the peak time is corresponding to the PS-P time, we calculated theoretical R/V receiver
functions using the discrete wavenumber method (Bouchon, 1981) with a double-couple point source in
laterally homogeneous modified velocity model. Theoretical R/V receiver functions using the modified
model showed good agreement to the observed R/V receiver functions.

F—T—F: LY—/1\E¥ mELAM

Keywords: receiver function, Kyoto basin
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[EE

Application of a fast calculation for full waves microtremor H/V based
on diffuse field to identify underground velocity structures

23! EAMBE'. AA ZRER'. Sanchez-Sesma Francisco®
*Hao Wu', Kazuaki Masaki', Kojiro Irikura’, Francisco Jose Sanchez-Sesma?

1. BT E RSB KRt 49—, 2. Instituto de Ingenieria, Universidad Nacional Autonoma de Mexico
1. Disaster Prevention Research Center, Aichi Institute of Technology, 2. Instituto de Ingenieria, Universidad Nacional
Autonoma de Mexico

Based on Diffuse Field Approximation, the Full Waves (DFA-FW) Microtremor H/V Spectral Ratio (MHVSR)
is expressed as the square root of imaginary part of the Green’ s functions in the horizontal component
to that in the vertical component. The DFA-FW MHVSR evaluated with the underground velocity
structures composed of PS logging data is found to be the best matching with the observed MHVSRs at
some KiK-net stations, compared with the transfer function of SH waves, H/V spectral ratio of fundamental
mode of Rayleigh waves (ellipticity), and H/V spectral ratio of surface waves including contributions from
fundamental and higher modes of both Rayleigh and Love waves excited by distributed surface sources.
Therefore, the DFA-FW MHVSR should be applied to identify the underground velocity structures at the
interested sites.

However, the conventional methods, such as discrete wavenumber method and contour integration
method, is very time consuming in calculating the imaginary part of the Green’ s functions. For a given
layered medium, the DFA-FW MHVSR is found well approximated with only Surface Waves (DFA-SW)
MHVSR of the “cap-layered medium” without fixed bottom which consists of the given layered medium
and a large velocity cap layer in the deep added to the bottom of the given layered medium. Because the
contribution of surface waves can be simply determined by residue theorem, the computation of DFA-SW
MHVSR of cap-layered medium is significantly faster than that of DFA-FW MHVSR computed by other
methods. The DFA-SW MHVSR of cap-layered medium, as a fast calculation for DFA-FW MHVSR of layered
medium without cap layer, is then applied to identify the underground velocity structures above the
bottom of the boreholes at KiK-net strong-motion stations.

The identified underground velocity structures between surface and bottom of boreholes were employed
to evaluate DFA-FW MHVSRs which were consistent with the DFA-SW MHVSRs of corresponding
cap-layered media. The earthquakes records at KiK-net stations provided the earthquake motions of H/V
spectral ratios and spectral ratios of horizontal motions between surface and bottom of boreholes. The
consistency between observed and theoretical spectral ratios for earthquake motions, indicated that the
underground velocity structures identified from DFA-SW MHVSR of cap-layered medium were reasonable.

F—T— N : BEHEIH/VZARY MLth, RECEENS. K8, REK. Fvv 7B, tiEE
Keywords: microtremor H/V spectral ratio, diffuse field approximation, full waves, surface waves, cap
layer, underground velocity structures
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BIREEERFROERBEMETANOEATREEICEAT 2T REIG >
Talb—YyarvaRAWEREe

A study using waveform simulations on the applicability of seafloor
strong motion records to the source process analysis

QR AE . BREEN. HAE . 0D s FHE'
*Hisahiko Kubo', Shunsuke Takemura1, Wataru Suzuki', Takashi Kunugi1, Shin Aoi’
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ITEDONETS-net/2 E DBEBEENBORFEIER. BRA VA=Y a v EDERBRE@BRICEITS
BEBEEEFOERANRERAETUTCE TV, BEEZSEEFOFHIEBROME I T 2B RATRRENT
DERRANL Yy POREBICKEKFETEEEZAON, ThICK Y ERBRBROSMBES L UROEHEN
DOELEAI’AFINS (e.g. lidaetal. 1988; lida 1990) , LALARA S, BEMEELZHZKOMAICIEFVC DD
DN—=RILBHY., ZO—D2& LTY ) —VEBROTREEDEBIZEIF 5N 5, BIHORIBSHEREREIC
DVWTIHELVRAELIHZTYITHONTEST, BAEE2HBARREAR S ) —VEREESZ I R TITH
LWweEZLNS, £, Z<OERBEBHTIEI—RTEEBETTIVHOHEINZEREF (1DERK
¥) #REVWTWSA, BKEVERICEALEBERE. EVWHER., LAAUEFETL — N EDBESEED
R EEE% 1 DEREFOHETHAVWSEZ —RTEEBEETNICBVWTHRICRBMEIEZ ZEIFH# LWL, 2D
THEBEEERT 2ICIIHBEECEBKE, 2SO RTRERTEEETILALOESERETHES
Nn3EmEY SDEMRER) 2AVIHENH DN, BEOFELMTESICEAT ZEROFAES LUEAR
AEIRMNOEANSHEWIRENTIHAWL, KRR TIIIERINZS IaL—ravIicEIWT, BEBRE
EESROERBREMTADBEATREMEICEAT 255217,

S-nethAFMHAD SEEMNEE CEAT 2BEENDES-netBlmTO, AFMAS L BEMEITDR
WihRE R IC & 23Dk (BdHY) - 3DEMmER (CBaL) - 1DEmEFZHAEL. 5—10% - 10—
258 - 25—50 D=2 DRAPFEH TRFOLEA1T>, 3DEMEK CEHY) (& J-SHISEEFEHRHBEST
U (BRIR - fth 2009, 2012) AR—R &L, WS LVBKBEED A RTEEBEET L ERELEL
T. Takemuraetal (2015)DEMKICEVEE L=, 3DEHEF (BRL) IIBKBEREIBICE#RLE=E
RTEERBEETIVEAWVWTETE Lz, 1DEMREFIEL. J-SHISEEZREMBET IO SE FTDERE EIC
LEa—RTEEBEETINERE L. BEEILEREESE (Bouchon 1981) & k&t - E@HREITINE

(Kennett and Kerry 1979) IC& WEBISEBICETE L=,

F 93D (GBdH'Y) S3DEREF (BRL) ZHEL. S-netBAIRICE T 2EBRETADBKED
HERART, 2HRELT. PIYANR—ZARBICEVW TR EDARHEE THBKBOERICELLTESE
RALC LI BREEHIBONIZDICH L., ST 1 7ILEDB LT LTEARD TIEAZH2SH LY BEVEEHICE W
TEENR o7, BRICEVWHIRONZBAROAIFIEARMEOHME S BEMEDOHMETELR S, ARNM
EDHETIFICEINEWN (#2 kmllE) OERIERICEWT, BERTOKEN2kmEB A ZEEBEHEDHETIE
FIEL2TOBBRICBEVWT, EFOBVWSREON:, BKEBEHBEBOHY 7YV JIC&UEEEL M) —K
PRI h, FLZ0OEBEEL A ) —EORBRABIEBKBOES ICIKET 2 2 EMNMETHRICE > THERHES
nTW3 (e.g. Nakamura et al. 2014; Noguchi et al. 2016) , AR & LITHEDERN S, HCEHIREWVE
BTHRELALMEDRES L IFKENEVWERRDOER A WSEA. BKEEZZELTLAVWS Y —VE
HEAWBRY, BEREEEBITICAVWS I ENTEI2HMERFOKRDPABFEEHICIKRYPHZEEZI SN
)

RICIDEMER (BHY) S 1DEMEMEZLEL. A AAFTREORHEREEZEE L= RTEERE
BETIZRAWTEHHESNZ3DEREFKZ, HARETO—RTBEET N SHESIND 1DERKF TE
NCHOWERBATZ 200 AR L7z, ZTORR. SES LU ZOERICE T ZRIBOEVCEZRZIOT I
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BNELRONE—AT, SERIOMEBERIUTVWIEARI VWS ONR LN, DI ERFTERETH
DHES L CVEFREORBMIEZT O JEICL W BERBRSRHE 2 BRAEBN TAVWS I LN TE 7R
MERT,

*—0— K EERRDES. RBRMAN. HEEBELIaL-—vay

Keywords: Seafloor strong motion records, Source process analysis, Waveform simulations
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2016F 10821 H REERERDOHE O EIRBFE AN
Source process of the October 21, 2016, Tottori-chubu earthquake

ISR PN
*Kazuhito Hikima'

1.REEAKR—ILT 1 VT A%REH
1. Tokyo Electric Power Company Holdings, Inc.

(lEL®IC)
2016F10821H14:07ICERNEFETM 6.6DHEIHELE L. BEREBOELOK-NETES(TTRO05)TlE
EE6FHNREIN, FAMEEIFEWRKS TH1380gal, 3O EK TH1490galilET 240, BRI GE

BETAIRBEOHMEHFNGAN SN, COLIBLRBEFOERERDO—D & LT, —RICIFEARET DM AEE
EORENEZONS. TNICMAT, ZOMETIESZ K ORAKRTHELR2DODKENR SN, TN 5 DR

HEDTIIAERICREABO/V AR ASEHT Z2DICKH LT, BETIHEREHRY D E# LRAINEEH
RHINZMENH o, ZOLDBREAEFOBFHIIERFEEEZRMLTWSHEEEEIONS. 22
T, ERAEOREEOERBREICOVWTHRETT 578, MERHEAVCERERBREZ1T o7

(RS 14]

BIRA Y N\—Ua VEITICIE, REHBhEEEICL2HELRRT 5700, KiK-netBflmDihAhiiek(168
Blm)EFERT 5. 510, EROEOSRAESHE LT, BRELOK-NETES(TTRO05)H &K UEREBDREIC
BT 2K-NETEFR(OKYO15)DiEEFa 2t THMMTAERL 2. SRS N/NEEEFIC0.05~0.8Hz%
729 BMLRIVETENYRNRZRT AN ENNT TR LEREREZRA W, BRA VNN—2 3 VEIZK
I, BRMETRELALBENSNSLHEROIGET10B21H, Mw 4.1)DERIZE SR A W TE B mEICKIE
BREBBEETINVEF1—=VIL, IhoaEFE->TYY —VEBOSEAT .

ERA N—=2 3 VEBITIEIVF YA LT 1> KoiE(Yoshida et al.(1996), BIfE(2012)Ic&k WiTo7. f#
WOBOREBEIE, [RT—TULBICEZERME CRRE) 2EEE L, Fnetil &2 A D XLBPRE
PWESRBLTHRELE., XLDHITNMTBY 1 X%2kmx2km e L TP P K EOHLMBE % RE L THEBEMRET
TV, SR OBIRMEREEZEZEE L THBED/ATIA—Y EBIELEL. T0®%, FERITRNYIHEEIN
FEEIC/NTEY 1 X & TkmxTkme LEZMBEAZFREL T, QTR YDHEERE L.

(TG R]

RICMARBEEIEER:341° (85189 DIFIFNERFTEE L, BRI x@E14kmx14kmiEEE Lz, BRES
1$10.6 kmTH 3. KFE o HMEREIIMW 6.2 2E, RATARYEEFMNI.2mOEEINKSEEE T 2R
AEOLNT. BIEFBRMEICKIRYEAEFEEL, WREEIChHBICER L-E#EINS. MBI in
EICEPRNIVWANSEBEICHERTRKERIARY BNEET S.

(ER - &)

BREAVYN—=UaVORR, FERITARNYBREERMEEHEMmOILIKMED 2 yATICKkE 7. b
ERAEEOSRAZHFICEONZ 2 DODREBICHIELTWEEEZISNS., i, MEEOIFIFELICAEBET S
TTROO5IE, MRIERHIARATED SXRIBICEDNDRITRYFHLDT AL I7T 1 ET 1 MEIBENALT WSS
MELTHEY, INHIPEREFORIEICNIVARDER ZER LZERD—DOTHZDEEIZLNDE. —F
T, MIBILED I ANYIHIET, EEPREITARYZFNIVWATARY FE TR EREHIK
Fof. - T, BAMHMSOHEIIAEN >EEDERbN, EHRRFOREREDEAENTEBINDS. &
DEIIC, BONLERBRIE, EREETCEISNAHETHORBREFBELAWL. £, BRIRYDIEDL
SCENRIGNBETEL2GELLE IS, BAMNICKEZRETH20MPasETH Y, FHMICIFIBE D AREIRE
DHETRKE->TWERELRABETH .

<EHEE : BRATICIE, BAKBIZRMAAFATK-NET, KiK-netD&URIFEESR, F-netX h=X LM, [IRT—TILEIR
ExFERASETIREEHLAE, BLTREHBLEY. >
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F—U— R BRBERE REH. SIEHSIRME. ANREHFRAMHE
Keywords: Source process, Strong motion, Tottori-Chubu earthquake, Crustal earthquake

Tottori-chubu (M,,6.2)
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. oy (a): Surface projection of the final slip distribution. The star
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": i, "2 indicates the epicenter.
E -0 e, B ;Z (b): Vertical cross section onto the strike direction (A-A").
" Gl 06 Aftershocks occurred within 1 hour are shown in black dots.
15 - 04 (¢): Final slip distributions on the fault plane. The arrows denote
S02 the slip vector on the hanging wall. The yellow star means
- 0 -5 0 5 10 o hypocenter.
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RERM ) —VEHBEER W20 6 ERMEFRIROMEDERMED T
%l

Source model for the 2016 mid Tottori prefecture earthquake using
Empirical Green’ s function

"EH BT FIHE. BO &St
*Shohei Yoshida', Takao Kagawa', Tatsuya Noguchi'

1. BRAREXRFRTHFRR
1. Graduate School of Engineering, Tottori University

20165 10H21H, SMEFHAERE T 5HEM 6.2)0'FKEL, RAREHBEILELL. ZOWMBICK
ZEYMBEILRAANT, HEMIETRREGUCERBBS NG EN/BNNICTONEZ. £, ZOMEIER
KR 2R FATDK-NETPKiK-net, BARERR, SIRKZOEBREA NG ES < ORI R THRESRIZE
PELNTEY, INLDBEREAVTERMBA ETIVET 2 Z & XBREERDRETPSE O HERL KR
ICBWTHEBICEERBRICRD EEZZS. AR T, BRI ) —VEBEEBAW I+ 7—REFTY Y
TICEWERMEBAEETIET S, ab, MEBIITAR) T DHDPLERING(HEELHITEELA
WEIRE L, WREREIS/NEEAZE L T0.2-10HzE Lz, BRETFTIVAEETZLHIC, WHRE LS
AlmiE, KiK-nettiREAIRAR, K-NETERAIRTR, BEAKSASROSHAT, RBRNT Y —VEHEOE
FRIF2016FE10B21H12B5120(MwA. 1) DERFEE L. 7ARD T4 DMNEBIITRHEIARYEDHES
ZEL, BRERAGA—I—RFEAEFKE 71 v T4 VPRV EDERTHERICKYRE L. #HESINEE
BRETIVE, BRERFEO/NIILZRREBRBIETE TWRRHELHZ, BRENMTTLOLREE OIEET
278, SHRIFCOBREREFT2E &I, LYBREMOBVERETIVABELTVLELZL,

F—7— N : 2016 ERMEHHOME. BRETIV. BENT ) —VBEABUE
Keywords: 2016 mid Tottori prefecture earthquake, Source model, Empirical green’ s function
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RERIN Y — VB AR W2016 EERNEFIHDOMEDOERS ~
IN— 3 VRt

Source inversion using empirical Green's functions for the 2016
Tottori earthquake (Mj 6.6)

*Z BB’
*Yoshiaki Shiba'

1. BN R T

1. Central Research Institute of Electric Power Industry

2016FE10H21BICHEE L-EBWMESREHDOME (M) 6.6) TlE, ERIEFEDK-NETAEZ(TTRO05) TRANE
1381 gal (EWH ) %58k L7=. KINEEHEFOERE L T, MEFHREMBOEBREEERT 200
ENH DD, —ATHASHIPREDFHOSHRINZIERMEBBOELICHNBET I EHS, EE@mLEDTAN
Y DEFDFEDEENEETERL. TTROOSICH T Z2EAEHBLRHFEDOIEARY MLER S &, BE1HUT
DEFOIRBEAERAICKEL, INOLOFEERMLAERETIVOBENEEE LS. I I TIE, BN
BREEHHRE CORFOBREICENZREBRNS ) —VEHREAAVWEERA Vv NN—Y 3 vFEEEAL, B
R OBESNRE A RATREAERETIVOHEELHA M.

KREDERIE, AEERHIOBBTCREILABICOMRTZ. ZOLHEBEETIILORETIE, F-netEIREX
AZZALBOS> bEEARICERAEZFOABIT OB ERA L. £EERMJ Y —EEICIE, TTROOSE
BIEOETTRELEM 4.0DRERZAEB V. BITICIEERD S HER60 kmLLARICAIE 3§ 2 KiK-net&RiHl =
12, ERENEEDOK-NETERRAEML 725118 DKE2H O EE R DOSKIH % AW, BFERREHESE
130.2-2HzTH 3. FLE—AV NBEOREEIMAHE LLRET, BONLETIVIATA—SDEES
HEBRRESMEAR LT, RMEHN (FRRITRYEE) EE—XA Y NEEORRA /=Y 3 Vv EBINRE
MLz, 2O&EIEF, ENENICKELKHET 25RRBKRDEERT 27-HIC, BITEARHEFEDOLRAES
HzICHE5R L TW 3.

REFDEREBONLERETILCIE, WERBEOEI®, HISEWMIICEERTRYEEIZEDSN

. ZDIEH, EREHNSHS kmILBIOEXEICEMMII L TR DKRZWEBEAEET S. 714 X9 1 LlIERK
TH1.6MEEL. MBILABRED TR HIZTTROOSOE FICHY T B Z &5, TTROOSDIEEE) LA IER
IR HEDSMGA & BRI R E T DOSMCGAD BIFERIICIIE L 2 SICK W ER L EBIRTE %, ABTTRO05%
BRWTA YNN—=U 3 V% T275ATH, TTROOSGETFICIKAKDITRYEARESINS. —F, EMRAHE
E—XAYV MNBEOREA Y NN—=Ya vERICENIE, BEFBRMDEORKIRYBTIIE—X Y MNBE, 2
ISHEBICKEREERTDICT L, TTROOSE FDXRE TR Y I TIXRMISEHDHIHERHIIC/NE <, TR
DSMGATIEISHETEN NS WMEBR E AT IEENME SN,

F—7— R : 2016 EENMEFIHOME. BRETI. BEBRNIT ) —VEH BEH
Keywords: 2016 Tottori earthquake, source model, empirical Green's function, strong ground motion
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EHPRECER AR W /Ny 27O 723 ViRIC K 32016 FEERME

DIIFEBERDHEE
Source imaging of the 2016 Kumamoto earthquake by back-projection
of near-filed P wave records.

RE KB
*Mitsutaka Oshima'

BKEERHARH

1. Shimizu corporation

201 6EFEREARMEM7.3) (LARE, BEAME) T, BRICS T 2L LMH TEE7I2EEA N, EE
BREBVWENICE > T, A/I-BRAMBTEL AL E LAZHBICEWTERREELE U, HERE
%, BHANR=2avICLYBONEMBINY OREEAIHAMEFRESN TS Y., FBIIIKIELETAY
FEEREEMOEVIERING AL, MBRIZORHEUIMBRESNTWVWS, £k, BIROEGEARVERE
FEIX, FAIOMESFHARELERATEIIENMONTWVWED, Ny T7OY I3 ViRl BHIERED
RMTERA S L, WEBOEMARIBARSRINTE Y., EEVCENOERLRZMEMBORIEDREYHZY
P, BRCEREOELINHFEINTWS,

WIBIRIRO AR E M IS HEERICAZAFELZS 25D, HROMEEFAICEVWTIE. IThS5DOFREEMED
L2THAERINTVEDIFTIRAWL, FROMEBFRICEVWTIEK, XY RERFERRCHIECHEREED
BTERIEOAREEENERIND IR EFERIN. ERICZOOHORYBEHDERAIEVWTIHED S
NTW3, ZOLIBRRREREA 2L, BERIBRORHEMICET 27T —92BET 22 &iE. FMEiTHbN
2THIOMBHRBEOREMEZERE L. JYERE CHENAMEEFHOLOOERETIVERICAT
RTHD, AARTIE. BAMEOMBHIZEOARHEMNEZ, Ny o0V oY a viEkaRAVWHMERGEE
DEFEBDHE DT 28 L TR,

EMTICIZ. BRI 100kmUIRICAIE T 527 DKiK-net, K-NETEBISDRE R EE BV, HhERK
I, MESDREAMDBBEEIT>/LE. 7€y PEERYKRE, KT(1980)DIEFE 71 IILFICLYEDL
TEERME L, BRUBICRT 2E8AERISERSHEEE RO, ERFT—YDOHEEZTOIELED
I, e - IUAKR(2004) E RO ER T —YUEBAETS 2 &ICL Y., BEREOERMEICK T 2N IEBEDE
ErmLtItiz, FRETAHW Ny 27OV Y 3 riklE, Kaoand Shan(2004). Ishii et al.(2005) & [E
¥THD, BEE. HannwindowEFAWENFRIBR Y v XV 5 &1To7, Ny o 7OV I 3 VikiIC L R
Tl MEEZZICHEL TEKBERRVD, KRFTITIE. RES/MHLOEHBEEAZH SN LDERELT
B, TOMBEE L TOMEREBEDRERD A& KD,

BTORER. WENPBRAMBTIOEL, HERNANREZ BB LANCHBINMBTICEYR
., EERAEEGEBELTWKEFEEDRABIENTERE, L, BONERROBE—ESHEEILEAE+TSHT
i<, 5% ERFT—IPRY v XV TEFORBUEICOVWT, BREFETD,

HEE  AARICIE, BIXBZRMARPADOKIK-net, K-NETOEBERF iz ERASETIEWE, ZZICEL
TH#LEBL LTS,

F—O—RKR:NRNwoFavzravii, MBREDAA—I VT, BAME
Keywords: back-projection, source imaging, Kumamoto earthquake
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2016 FREARME DERRAIEEEKICH DN D AR MUVEBSMEICET 2185
Study on spectral decay characteristics in high frequency range of
observed records during The 2016 Kumamoto Earthquakes

BB AN B LS AA ZRER

*Masato Tsurugi1, Takao Kagawaz, Kojiro Irikura®

1. —RAETE A thigh AR IRIBMZUAT. 2. BEVAE, 3. BRIITEKRY
1. Geo-Research Institute, 2. Tottori University, 3. Aichi Institute of Technology

1. IZC®HIC

BRABBBEHICSVTERARI MULAYERL, o?RINSTETZ2IEANONTEY, REBFUOKE
M EDHICIF I DEFICH 1T 2 MEEFEDERANVERATRTHSD. TOARY MUERFEZRIET 2
HEELTE,, 74)b%— [Hanks(1982)]IC & 2753%, « [Anderson and Hough(1984)]IC & 2 &N %
Y, BHOETIFRIED, XAV AREENETIEEENERE A >TWVWS., KRETTIF2016FREARME DH]
B AEBLUVREFENRICTOFAUDRICRONDI AR MERBFEEEZ £ 749 —8LV k%M
WCEHE L, mEDLEAETRD.

2. BRHE

RN RE LAMEIX2016FRAMEBOME, FAEELUREFOLISMETHY, TO M &
41~73, BEESF7~18kmTH 3. ThSDOMEIZDWVT,

* it B EREEEICH T B AMEEE D 2,000m/sec LL_EDERRI s

* EIREERED 121 00kmIZE LL T D KiK-net AR ERRI

DEAWZARY MV EEEERE#HICSITE2RARI MVICEIELT, Z20FH ( TEHERRRS ML) EFF
¥) =KD 3.

(f 715 —]

EER AR MLEBRARY ML LB L, FHBUNRRYT MUICEET 2L D BEBRARI MLES
ZB4DDNRZA—4 (BEBEE—XAV b, A—FT—ARE f,, NEEHs) 2HETSH. BRARI ML
1T w? BIICED BREE E CEEREES L UOBEEN 7 LY —5EZEBLEARI NLTH B,

(k]

Anderson and Hough(1984)IZSIEDIEE AR kL A(H & B EGESE IC B W\ TIBEEA S A B 1
ERTELT, RADELIICEREL .

AN=Ae ™™ (F>F)

ARETIE, FHRHRARY MLOBRD SRR MLANZIFFIEE 52 ERERE( £ )%&RD, f~
B0HzDEE THRNZEEICEIY ARY MUERODIEEZ k52KD 3.

3. MRITRER

2016 FREAMEBDHZRAAME (2016548 14H218526%, M,: 6.5) , A& (20165F4816H018§2547,
M:73) Df BIUOREFEHs, LHLV cZUTOLIICBLONE.

*RARE : f_ =9.9Hz, s=1.43, £=3.0Hz, £ =0.0466

*KXE :f,_ =71Hz, s=1.37, f.=27Hz, £ =0.0482

BAMRICEYELONTL2HOMBAMECRRELEA, £ OELFFENNTHED, RERMsH
U kBB REMETH . FNED £ 1310~20Hz, s(31.0~2.6, £ 1E3~10Hz, « &
0.0274~0.0553& %), MDMBADHNMBEORERELR, REFH sHELV c IFHBHKRELET
Hole. INBIEFARY MVERFFEOMENZ TR T 2HEREEX 5.

BWT, £_TANI—DISA—F(f, s)&E% kEDBFEAERDE. TORER, £ &, T

max
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S—DARY MUVERBDIEE s, BLU L & f OEICIEBREOHERENRD Shi. Ihnid, R UERREYE

max

EERRDIAEFERAVTRRELAEIEICAZ DT, SENARKEREER 3.

HEE  AMARIE, RFARETORFEMR [THR28FEREF NEZFH XN REFRTE (BEESTMICST
AN S OFHEFEDRET) TR O—8& LTHEL £ L. BITBUEABKMZRMORA EERE
&R KiK-net O&RIFEESRS & CETIHMEEAME F-net DERNSA—S2FALE L. BLTREHLE
7.

SE R
Anderson and Hough(1984), BSSA, Vol.74, pp.1969-1993.
Hanks(1982), BSSA, Vol.72, pp.1867-1879.

F—7— K : 2016FREXRME, ARYT MUERSME. fmax7 1LY —, &
Keywords: The 2016 Kumamoto Earthquakes, Spectral decay characteristics, fmax filter, Kappa
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REPMESHE DO DB RIGERZEDQEDRET
Appropriate Q value model in the Kanto region for simulating
long-period ground motion

B B AIIE BT R KT
*Takahiro Maeda', Nobuyuki Morikawa', Asako Iwaki', Hiroyuki Fujiwara'

1. B SR E M iT Je i

1. National Research Institute for Earth Science and Disaster Resilience

AR Tk, BRI OERE - SFRBESHREFIVICE S HERBTHEEETII CESMEEESTIL) 2 H
WT, EHY I a2l —Y 3V EBRARGEEDHERICK Y., SSEEEN3IS0M/STEEDRBR T ZMER FToth
EEFTMICEVWAHMERCHEREOQEICDOWVWTKRETY 5,

Feld, TEHRKFICKDEMAR - BRE2KBEEDIRTENEEAWHEE I 2L —4 (GMS) (B
H - M, 2004, YIBIEE) B W TWS, GMSTILGraves (1996, BSSA)IC & WiIRE S N/-IFREMEB TEZICIE
BWHEHRWREEBATEHENEAINTWS, GravesDHETIE, ZBRIEBADERERAT Y TRBAEIC
EHSINDIEIC, SKRICHT ZRRRE axy.z)=exp(- tf At/Qq(x,y,z) & #MHF 2 Z & THEMRROMRE
BALTWS, ZIT. QESKICHT BQIE. I EBREAKBMTH S, GravesDFERIFLSAVWLNTWSZ
ENS, AREFTTIEGravesDAEZERA T 25AICE L ZQEDEREICDVWTHRETT %,

BE BRI A W RICHEE I N3RS - SFHRSHEBETIIVIZ. FIREMEENRE LEEDEICE DHEE Y
Tal—YavIlLBRIELTHONTWS (RIA - i, 2015, SSJ) . TOMIETIL, HTFEESICERE L2
EFORBFEOBREEAEE L. BRIRHKEERHZEO 7 —) TARY ML A IBIEE S L TRRESESE
(BHA%EE) ICBWTABEDHMEIT>TW3, EBEDFHETId. SCECLFEhESTHMREE (Goulet
etal, 2015, SRL; Dreger et al., 2015, SRL) DEEASE(IZ, ARY ML /1.4E~1.AEOEFERTH %
BEICEBELSL. 1/2UTF., 5 LLIF2EBEULEDOGERICEBENMEVWEHIEL TWS, S5HhE197HS
(K-NET, KiK-net&fls) OLTOBRAEHKEFELRHENSEHR LZARY MLHEDOFHEE, b L ORI SE
ICEH LAEEEICL 22T MLEOTEEIX, BE2MA 510 TH11/1.4465~1 .45 DO ICIX
FoTHY., BRRBOHRAEDEVWETINTHSZ I ENHEINTVWS, LHaLANS, EEABAIIFESE
AR NLDIRIBAIKRE K REZEFHEREFEEIRBDO LN, QEDRELAZEADIEILLYEREIHEINSH
BEEMATREBING, Z2IT. BHOQUEETILEREL TEARENREINDIHNE D HRET LT,

BEMRRTIE. Qy(=Q)IEQ,=aV, (V.DEAIEm/s) & LTSKEEICHHSELETIVEL RSN 2HE
AdHY., FIZIELETRETEEETIL (Koketsu et al., 2008, WCEE; hEfFAEZEES. 2012) TiE
a=02EEINTWVWB, FIT. AR TIX. SKEEICLLATZQEETILEIRE
L. «=0.1, 0.2, 0.5, 1.0, BBEH (T,=1/f) %3W&Lik, TDI5, a=02& LEEDNLEDR
HER—DBRETHD, EMMICIE. aNNIWFEQBICLZBREROMRNIKEL B BH, STERARY b
IWOIRBIZED T 2, aDEWVICEZLETDT—YICLBARY MNLLELOEHEDELEAREZ S, EE
HANZE a DFEARELZITTEY., a=01&F5ZETHAUARY MLOSRBLELIELET 2 Z &SR
INntz, T, BASRBOARY MLLEOFEHES, a=0.1& LEBAICTHSES A3 ERA’RONE, &5
IZ. U EOREEESH TOMETICIMA., MGIREICER L/-BREEE TORET 51T o7, BRI E tERE
DORERHOIANRO—THRELELZEZ S, AR TRE LEZQEETIVICK Y ERZEOREREE
BRIHBETZIENTETCWE, L, BHREFOT—IRMIBRONTVWS 0, BREEEICE T 2EDA
a DRETIESHRDEETH %,
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HEE ARG REAPHWEESNY— Ry TEREZBREXO-—RE LTI o7

F—7— R QfF. REEHHAHBETIL. REHPHEE. GMS
Keywords: Q model, shallow-deep integrated velocity structure model, long-period ground motion, GMS
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FUINHRAILERICE 1T B QsDMIHHEICE T 2ER

Studies on Qs at the northern part of Kyushu district in Japan.

hEF - 5 S
*kenichi Nakano', Shigeki Sakai'

1.#%®AE ZEk- B
1. HAZAMA ANDO CORPORATION

FESEBBRTAMBAREBETRICL T, BEBRZRMARMOK-NETS & UKiK-net CERI S L7z
M4-52EDFR/NEEDIMEERARZFZERA VT, ZEARY MUHEEICK YA OQsE M L 7z, 7D
R. [IRTHEH YO T OERME & SRR 2B SARROEHN A HMTDQsH. BfiRE T 288 (&
BRIEOEAEDYE) ICL>THRICELRTZIEERLE, 2O &E, HIZIEHETNT Y — U BEEIEFIC
EOCHEHFEICAVDQsDREICIE. STENRERICS T 2FEMRETNERAVILENH DI & ERE
LTw3,

2016548, NAMEARMAAEIRE T 22016 FEAMENKE L, ZOMEIE. LINDORF-SRMTES
ICBIT2HEHEII-BREAMBTRELTHY., &I EANMEAEREILICOMTBL D BFICR>TWS, 20D
HMEICEAL TIRELOMBEICE>T, 2016FEAMEDOERMEBETTILPREMBOIEZRHIMEESTILA
RESINTWS, —AT, WA DRBEICET ZMFTE LTE. AR ML UYN=U 3 VEBIFICE > TE
REFES Y A MFEEHFETEMINZEDHZ L,

AEFETIEMBE (1999) Mo THIRLAZZERARY MULILEARALTWS, ZOFEATHESINSE
BRIBOTEHMN A HDTDORBERHMIZ, BEMICIEZARYT ML UNR—U 3 VBT TEEI N3 EEE TS
—ERRBRIENTES, o2T. ZEARY MUVEEICK > TREREAFMML, AR MLL Y
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DDz ehs, KETIEAMILEIAETRICLT, ZEARY MUEEEERAWERERME S L TOQs% T
T3, £9. M AILEREFig 1DENBEED/NY FTRT LS4 TRegion Al & TRegion Bl ICHEIL
Too F7o. BEERCEMM L 2 Mt ARSI D58 % [Region Cl & L TEWEBD/N\NY FTRY, ARIC
X, BIRZEDAME LT2016FERMERICEKELIZMT " M73DA XY hOERSH (2016548
148~2016F4B30R0) &¢HFBED=AME L TK-NET & KiK-netDihEEAI S A B L TWE, ERMHEIZ
SEF—TIER) AN ESRB LA, BFPICRLAERICEWT, AMNRENY %+ D5EIE (Area) TOFHE
EAERE L TOFEM (Line) #ZNEFNEET 5, 7=7=L. [RegionB] ICDWTIFAreaDEREL R TH -
fo7=®. LineTOFHAIDAREL 7=, 2d. BT —ZADEFIE TRegion A-Areal ¥ L <& lRegion
A-Line] ®&SICEY,

QsiiiiER A Fig.2IC”"Y, TOREANILESM AL SIS, BEEICE VW TAreatLineTIXELRZB=RT
TIHFHAEINTWE Z ENbH D, Thid. AreaDBA, Linell RN THRMICERIBREIRCRY,. KA
P REREUN DR CEBESNMEERDDRFET. ENMTLERENNSKFTHINTVWEIEDEER
505, [Region A-Areal] & TRegion C-Areal TIEQOAEE L HM70TH Y. BIRBIKEKIIEELEHH
0.92¢ #EIN, BHELRERIFIHAONBVWI EN LA S, —AT lRegionB] ICDVWTIFKRELER->TWL
T. Qs =23.6"1.0&R>TWVW3B, ZDQsIFRA (2000) ICL>TEEETTIHEMINEZED CRWE
) LIFIERALCTHY. Linetal (2016) ICL > THEILETOY /T E W AHSkmH S5 10kmIC T THE
ET2ZENERINTEY, [RegionBl TIRAFHILETZEEALTWA I ENSE, LEEOERMNMELVE
ThiE, AR TEONAEQsDIEELEWVEERBAT S ENATE S, —A. thOBEETIHHI N=QsiER
- W& (2016) THMES /b D&M TH S, Lo LNakano etal. (2015) TSN TWBIEE LR
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A New Multidimensional Attenuation Relationship for Instrumental
Seismic Intensity
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BN TF—YIEU KR\, EERRAIEEIRY 14 7 & ilInter-Plate, Intra-Plate, Very Shallow (VS) 3% 4
FICDBELTHE Lz, 8. Inter-Plate, Intra-Plateld XIE L — M EEHZWIETRA T TR TRE L-HE
AR E Lz, BEHERERORAFIEZ. KRV LRBAHOREREZ LFAEEDONHE L VCREDIER = L& L 7=
T, BREARI MVOBBRERNERA LT E L.

INT=Ac+Aw-Mw-b-A-B -log(A)-d-min(§,250)to

ZZT. INTIFEHAEE. AIZERIER(km)., 6§ IFEASTOXREET L — N EERE(km)ERY, 727
L. EEEEICDWTMw>7.5DMEBICIIEIRED 5 DREHEREZ AW, . § IFRE250kmBETEIT S &
H2ZETHRADBRMENAL L, Ac, Aw, b, B, dIXEIRHKRE. o IFIZERETH S, log(A)ICLLBIT 2R
RIEDOFRHB L. RFEOFAEREDHEMBRATII2ERETEAEIND Z &AZ VA, AR TIRERICEKY
WE L, ORREIE. A NRA—Ua VLY IRTABICHELE, L. BRI TICL>THRE
RORRBOHAEHEIFELY,. RERNAEAEDEIFAICICEYRE L,

Inter-Platel£fR#Ac, Aw, b, B,d DHAEHLENRBETH o7z, XDV TILAERF (BFEAC, Aw, b,

B) TEM LB EDEEREIXO.CITITH>7=DICKT L. BREAC, Aw, b, B8,d& LEFBEDEEREIL
0.643IiE > L., AICHICEEBRITH o7z, Intra-PACOBREDEHEDEITAC, Aw, B, d HHET

H o7z, Inter-Plate TIXEEBMD T — 9 25T 2 DICHBbDIBEHIURETH > 725, Intra-Plateld L EEHED
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7=o Intra-Plate DRI DA EHE % HREAC, Aw, b, B & L7158 DEEREILO.751TH > 7=DIT L. HRE
Ac, Aw, B,d& L7158 DZERZEIL0.6441T55 4 L7z, Inter-Plate, Intra-PlatelC& W T, S ICHHIT BR=E
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DOFREEBROZRZEFEFRDKREICLLRTEVERSEE TN >z, —A. FL— b EEREICHHIT
ZBREEAAVAVWSOMBICH L TE, REXEEFRAOFAEIRRARETHY . R & DEREDEWVIL/N
Ihof, InHiF. BREROTL— M EEREICHHAT 2 BRBEOEMEERBL TWS,
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F—7— RN :EHRRERN. TL— MNREICHHIY ZRTIE. AICIC & 2:#IR
Keywords: Ground Motion Prediction Equation (GMPE), Attenuation term proportional to plate depth,
Selection by AIC

Type Ac Aw b B d -
\E 2.096 0.962 0.00287 2.409 - 0.677
Inter-Plate 4.726 0.674 0.00171 2.416 0.00527 0.643
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Seismic activity modeling of earthquakes occurred on inland active
faults with smaller magnitude than assumed characteristic event for
probabilistic seismic hazard
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Seismic intensity distribution and validation of the source location and
the magnitude of the 1914 Sakurajima earthquake

N ENE. mEB RS BR ASY

*Reiji Kobayashi', Yukina Furuya®?, Hiroki Kuwahara®

1. BEREBAZAERETIZMRR. 2. EREAFEER, 3.7/5V5t—LVERE
1. Graduate School of Science and Engineering, Kagoshima University, 2. Faculty of Science, Kagoshima University, 3.
Grand Lacere Kagoshima

The 1914 Sakurajima earthquake (M 7.1) occurred about eight hours after the eruption of Sakurajima.
The seismic intensity distribution in Kagoshima city is estimated from the damaged data of houses and
stone block walls (Imamura, 1920). The intensity data used in Imamura (1920) is originally defined in his
study and cannot be directly compared to the present seismic intensity scale in Japan defined by the
Japan Meteorological Agency (JMA) in 1996. Takemura and Toraya (2015) proposed a conversion
procedure from damage data of houses to the present seismic intensity scale for the 1944 Tonankai
earthquake.

The seismic intensity distribution in Kyushu Island has also compiled by Imamura (1920) and its
isoseismal maps were drawn by Imamura (1920) and Omori (1922). The intensity data can be compared
to the present seismic intensity in JMA scale, because the present seismic intensity scale was revised
several times from that used for the isoseimal map for the Kyushu Island in Imamura (1920).

In this study, we convert from the damage data of houses in Kagoshima city (Imamura, 1920) to the
present seismic intensity in the JMA scale. We also review the seismic intensity distribution in Kyushu
Island. Then we verify the source location and magnitude using an attenuation relation of seismic intensity
for Japan presented by Morikawa et al. (2010).

Imamura (1920) presents the total number of households but does not present the total number of
houses. The sum of the completely destroyed, half destroyed, and partially damaged houses are larger
than the number of househoulds in a town, Shiomi-cho. We adopt two assumptions for the total number
of houses. One is that the total number of houses in each town is equal to that of householders in it.

The other is that the ratio of total number of houses to that of householders in each town is equal to the
ratio in Shiomi-cho. The true value may be between those inferred from the two assumptions. The
distribution of the present seismic intensity scale adopting the former assumption shows that the
maximum intensity is 6 Upper, and that adopting the later assumption is that the maximum intensity is 6
Lower. The maximum difference between the intensities at a same place adopting the two assumptions is
one grade.

We also plot the seismic intensities in Kyushu Island to review the isoseismal maps of Imamura (1920) and
Omori (1922). The isoseismal contours of both papers are inconsistent to the intensity data at several
observation points. It is difficult to draw the isoseismal contours being consistent with the seismic
intensity data.
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We verify the source location and magnitude of the 1914 earthquake. The source fault of the 1914
Sakurajima earthquake has not been investigated in previous studies. Kagoshima Prefecture assumes a
source fault for the same type of an earthquake as the 1914 Sakurajima earthquake to predict the strong
ground motions for disaster prevention. The seismic intensities predicted by the attenuation relation with
Mw 7.1 are much higher than the observed ones in Kagoshima city. When the magnitude is fixed at Mw
7.1, the source fault location should be moved at least 50 km further from the assumed fault. If the source
fault location is fixed, the magnitude should be 5.6. The comparison of the predicted seismic intensity to
the observed ones in Kyushu Island shows that Mw 7.1 is too large.

F—T7— R 1914FERBEDOHE, BE., ¥/ =Fa1—NK
Keywords: The 1914 Sakurajima earthquake, seismic intensity, magnitude
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Seismic Intensity Distribution of the 1889 Meiji Kumamoto Earthquake
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FESE FDOMEICDWT OXHRECERITHERDIARTHIL IS - BEh, [FHNEAXMESLER] TBHAXRDRE
SiESRR] REE LTHITENTWS, KR TIE, BAERNOBERMMERESAE T 570, T
B BEAEESOBIENAFLICHERLSE - BERAREDONHMBAELT o7, INLOERMNLIEAE225F
7RA28AREAMEBICOWVWTHIE T & DWEBREFT & H, RE. B, HENLEOHEBRE S & ICFIEE
(2016)DEEZAVWTRMOEEZHEL, EESHMRZEKRLE. HEFHBNIOEEZHEELTWSE
o, WEEELPIEEIULOEELNIKRDZ I EIFTERL.

BONIEEESHE)-SHISTARIN TV IREMBIBIEROA G L 2B L. BIRERERISBNZIFE
BERNSCR>TWVWEDY, BENTULWTHREMBIBEROARSRGMTRAREAEENIHTWD I & DH
3. FIROSNLEESGIXILAICENZMERICHZH, TORRE L TEROILANICLHENENR LT Wi
BAEN>TVWBRIEEEFKLTVWEZERDNS.

T TICEMN(2016)A%, S4(1920)IC L 2REDHEMREHCEOVWT I OHMEDFHEELI T Z/EHR L TW
. AMMROBERIFENOBER L FIF—HT 2D, EENPKRESLELQ LGPV DHH o7, & (B
E4-EBE6) RELHESINLAN2HR. 2 (BESF EESL) KREKHESNLENNINATHS. £
NoOMKRICDOWVWT, REMBIEREROSAERUOMERELROLMFIAELSEICL TREZ®RETL L.

EEN2EREESLEREBFEII T, REDE, /4, BRIEZ2] REDBELH >/ EHRE
INTWS., ZZTREICDOWTHSHOMBEEN S LUEOREOAHmAME L, REMBIBEROLHFEE
REOLETHE. THEHFORBIIENICK WHBICIIH L TWE WS T EPHMRATERL. —F, BOH
) IFHBIEREENAKEZ V. ZOBRREOELYEXOADLEEEZHEL TWI2ENOBERTIE, B
BEREMOBELEO THREIF L TVEIERMBL Y /NI BREEICA LI b o7, ERBREREF AT 5T
FREBREMAAT, LERWEEBA THLRABKOERI &SN, LHEBBLERIL, REBRELN I >7HICHF
TREE4AESNMBTHS. BRICK D& M2, BRIEE2] OHENATTWVWELD, AHRTEREE
6& L7, ZONDIFIFLEHNNRFHBEEL->TEY, REBRZBE LD 2725 DDOERBOENITIFATIC
SO TEEBALVIEKREDN D EZENHRAEING. ZDLDIC. MEDENIIREMBOHXEICL > THELH
KOHBTEHERFELAH D E VWD ZEMERINZ. BEHEDOL D ICHEDBEROA TEE AL RO BIFHIC
&, WBOHENHNRYEFNDI L, EDOLDIBREERRIOROONILEELN ZEFELTEIMBENH
5.

FHSOBARO TR S hEIREROQHAERTHIE T, YEORBHNLEMNIE D RBIFAIGR
ICRHELTWRZ e hh o7, REFYFE RN THBENBWHEDO LICETREDOSRATEHLS > TV
3. HOTBEEN DAL 2HiETE, BURRBOMENIRELIGE, KELRFEEIHIBIW L HDZ &
IEEBRIRETHS.

F—7— K BBA2ERANE. REST
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A Study on Characteristics of Long-Period Ground Motion in the
Kathmandu Valley during the 2015 Gorkha Nepal earthquake
aftershocks
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The Indian Plate underthrusts the Eurasian Plate resulting in occurrence of a number of large earthquakes
in the Nepal Himalaya. The Kathmandu Valley is formed by drying of a paleo-lake and consists of thick soft
sediment below the center of city. We have installed a strong motion east-west line array observation (four
sites; one rock site and three sedimentary sites) in the valley, on 2011, to understand the site effects of
the valley. On 25 April 2015, a large M,, 7.8 earthquake occurred along the Himalayan front. The
epicenter was near the Gorkha region, 80 km north-west of the Kathmandu Valley, and the rupture
propagated eastward from the epicentral region passing through the valley and reached about 80 km
north-east of the valley. The aftershock of M,, 6.6 occurred on 25 April 2015 “80 km northwest of
Kathmandu at epicenter near to that of the main shock. The other three large aftershocks were originated
“80 km east of Kathmandu; the aftershock of M,, 6.7 occurred on 26 April 2015 and the aftershocks of M
w 7.3 and M, 6.3 occurred on 12 May 2015. The ensuing aftershock activities are concentrated in the
eastern part of the rupture area. After the mainshock, we installed additional four stations on sedimentary
sites on 05 May 2015. We discuss the characteristics of long-period ground motion in the Kathmandu
Valley based on these strong motion records from large aftershocks (M,, > 6).

The acceleration waveforms at the sedimentary sites are longer and larger than those at the rock site. We
checked acceleration Fourier spectra of 40.96 sec of S-wave with rotated acceleration records for each
sites and compared between the rock site and other sedimentary sites. In high frequency range (around
0.2 Hz ™), we can observe the strong amplification factor in each site condition. On the other hand, the
amplification are extremely small in low frequency (* around 0.2 Hz) on horizontal components, whereas
amplitude are almost same on vertical component. In low frequency range, the spectra have peak in 0.1 ~
0.2 Hz even in the rock site. Furthermore, the spectral shape on the low frequency range is proportional
not to the square but to the cube of frequency. The transition frequency is around 0.2 Hz, but this
frequency has small variations by earthquake. Regarding M,, 7.3, M,, 6.3 aftershocks, vertical components
semblance analysis show that 0.1 Hz waves are propagated from epicenter with 3 km/sec phase velocity.
The particle motion of vertical-radial component shows the retrograde motion which is fundamental
Rayleigh wave.

Considering the shape of spectra in low frequency range, we tried to calculate 1-D theoretical waveforms
by the discrete wave number method (Takeo, 1985) with 1-D velocity structure (Crust1.0; Laske et al.,
2013) and GCMT source mechanism. By this simulation, the surface waves are contained in the analyzed
time window; Rayleigh and Love waves which have 0.1 Hz power reached just after direct S-wave initial
motion. Therefore, we understood that the shape of the low frequency range are affected by these surface
waves.
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Spectral ratios of the sedimentary sites to rock site have different dominant frequency (0.2 ~ 0.8 Hz) and
amplitude at each sites. These differences of the spectral shape in closed area speculate the complexity
of the basin structure. The predominant frequencies of the spectra could be roughly explained by
theoretical response based on 1-D structures made with geological data and gravity anomaly data
(Bijukchhen et al., 2016).

During examination of long period motion on large aftershocks, the characteristics are strongly affected
by surface wave. We will study the excitation and propagation of surface wave of the Kathmandu basin
extensively, try to examine the amplification characteristics quantitatively, and construct the velocity
structure of each site in detail.

F—T7— K :2015F /=)L - JIVAHBE, H v X7, REAHBE

Keywords: The 2015 Gorkha Nepal earthquake aftershocks, Kathmandu Valley, Long-Period Ground
Motion
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AEFOILAICMEBET 2HAUKRE, v 2aryFHEIDH>LAROHAKITIEIESARIEHL TWS, ﬁ[@
BFASRTIE, EBRIRABHORKEUE,IAOND, ZOLIRERIE, V7 7L Y RABRASRICHTERARI b
IEBIZE A bN 5,

EREFASRTEIBB T LABREICLY, KEBBROSKEFEBEETIVEHELL, WITHOBART
®, S&EF?&WSOm/s&F@{REFEbEEn.méh ZOEZEFE15mMULETH 2, EROHARTE, TOES
IZ25mLETH o7z, RRERDOBEREEICHNEY 28RRIE, 2mBETH D, REBMBETILHSKRDOSND
e, BHOSTIMREEIC—REBERZL > TEY, MROBEIGEVEASTIXERIMU ETE]
ER:E

ARRO—EBIE, BEHRERFEE 2016 FRAMELEEYT ZEFHICHAT 2HERAE] (KR :FK
F) ODXEICE>TEREINIEDTH S,

F—7— R : 2016FRAME. RIFAREA. RE. H

Keywords: The 2016 Kumamoto earthquake, Temporary Strong Motion Observation, Aftershocks,
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Observation of aftershock due to the 2016 mid Tottori prefecture
earthquake and microtremor observation in the structural damage
area of mid Tottori prefecture, Japan
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2016 F10A21BICKRMERHEHDOME (Mj6.6) OMENFEEL, BREA>7cBEM, JLklr, =L
ERMEFMOLEETENWENE L, BETS L UILRATOHWEOKRE WHIFICE W THEREBER D
SERRFRE (BE) BRAZEREL, BARICERRESN TV IEESOMERFE EBICT—IDEELS
MZiToT, Fi, BRFRAKSIURENERTH S MFICEVWTHEBRAUAZERL 2. ZOER, WR
R, MHICHEIT2HMEH/VE ZOEBER (9%5) BMEoNT, SHICRELHZOMEEH/VEHBH/VD
LR, #ENT LA ERIC K ZSIREREBEICE ZSHIRERBOEHFICLY, 1 MO HZ1T > 7

F—U— K : 2016 FERMBHEMHE. REER. HEERR
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2016 FREAMMEDRESLEKZ AWHILERDY 1 RO
Site characteristics in Okayama prefecture inferred from strong-motion
records of the 2016 Kumamoto earthquake

EAR . MR EES TR LR e S
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2016F4B 16185250 ICHEAREZEBIRE T 25M,,,7.30BAMENFEE L/, FrEAREHDOICE
TERTHY., MURICSVWTERUTERCEEMARE CEEIZEHALE, BERENMSHELUEROERA =D
FHAAIFA0~50E ERONTEY., BREARDFEIZIZIFRALCTHIERRTIENTES, Lk
AoT. MUEBHNTEHBINAHESOEVNVIEICRASRETORBEBENKECHFELTVWS, AFRTIE
BILERTREONZDMEEDFEIEHE BT L. FEARICH T2 MBI E AL, FHLLER
F—YIEELERICRE SN TV B ERADK-NET & KiK-net¥, ERKDOEEE B TEONBERFE
BTHD, SERRDOIXNDEHEN SHEMBZAINEE (PGA) LHBEHEAEE (PGV) DoFmAEXRDD &, 1t
OIS TIEEREDmWUZBRWTPGAEPGVA/NE K, ZET~EILTHREIHICNMT TOREBRT, LLFEE
DERETRILTIEPGAEPGVAARE WEAIEAR ONZ, FAEZEAIRCEVWTSHD 77— TIREARY b
WEREE Lz, ARV MVAEETET 2. SHOMGR A LPolarization analysis& #1118 THB Z &b
5, SKEFIOMBEEIY A vF—N_—THIWH Lz, 2L T, HBICLZHEENDRVEB LN ZEEER
HERBRAEDARY ML E & o7z, EEERISICIE, PSKRE L Y HT10 mHETSKEE A2000 m/s&
EL, 7=V IIRIBRARY MUICEBEML 27 E— IR SNAVEAIROKYHT12 (EFEHKRE) &2&EL
Too EHIC, BEAIRICDWTH/ VAR MLita &Y, 2EEDARY MLEDTRE—V BE# %= EhEh
AR, BEHASEDARY MLVHLEH/NARY ML, ZREFNDTRE— 7 BRI = L& L
el 3, AEBPEETHLUOBRRTIHIZEFRBLTEY., RE—V7ERBUXEWL., ZTDIEHDERS
TIR1TRE— 7 BREIZERD2tthig & U mWA, H/VARYZ MLEDTRE— 7 BRED A HHERRICE < 4
BIEAICH D, THIC. INSDFREBFEBHALS LML TV BI-SHISOMME X o IEEER % e d 5
&, TRt THZEESRAR3I320112 (AILHERKAER) PAMICAIE ST 23366450 (GEIUTHHILT) TR
TRE—VEFEMMEL . HOMBIBERAT VD, EVWHEBICK > THERISL(BREINZEEZ LN
%3, LHL. TP #HEL-ARERICOEINZEESRAR3321430 (BEDMHWULEER) &
3358860 (EREMmLUTEE) TIEPGAEPGVAE K. MO TRE—IVABREMEVWE DD, J-SHISDHh#E1E
IBRIZE WD, BHERETETIVAHBATETWLARLY, ZO28AISICDWTIZI-SHISO A IRIER T 7 )L
DHREPBETHDEEZALND,

HEE - AR R RATOK-NET & KiK-net, MILEOEESABE T ON/EEREEEZEERALEL
7=o

F—7— K HA MNFMHE. 2016FEEARME, H/VARST ML
Keywords: Site characteristics, the 2016 Kumamoto earthquake, H/V spectral ratio
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Estimation for site amplification characteristics from spectral inversion
of ground motion records in Northern Nagano area
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201411 A22HICEZ - RERHIBIHELEIGAEECTOMETH >, COMEORFHELT. B
EoiRA SR L 7R h S EREBOSkmBERN AR ICHENBE L TWemd'HhiFoNnd, DRI
HhEHE & HEEIEORBGR AR S MNCT 5720, HTIEL (2016) ICLZREEBOIHFE REENEE R
WTEICRBEILEMIE A TR E LEBERFED AR ML vR—=Ta U ATV, HhEEEs#HELL, R
RYPMAVNR=D 3 VICE > TOBEINAEBERBROQEIIBRFOMBEFEORWVERA TR L. EREFNE
EAAT2RETINICK > TEHRAT R ENTEL, HEOKRZ WIS OMBIREIE, BAKE-3[H] Tt
MEREREBEWVWERLE, £/, HEIBEREREREAVSIODHEEAZ R 2 &, BEEBECTHEAILILCEHTSY, K
WMETCORMREEIAVSIOD/NE VWREBHIRSHA W THZ LD ERIINEEEILNS.

F—T—R: AR MMy R=D 3y, HBIEIE 2014ERFEILEOME
Keywords: Spectral inversion technique, Site amplification, 2014 Northern Nagano
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A method for setting engineering bedrock using records of miniature
array microtremor observation in Kanto Area

EHEL KR B HE. REXS Wl s ER KT

*Atsushi Wakai', Shigeki Senna', Kaoru Jin', Ikuo Cho?, Hisanori Matsuyama3, Hiroyuki Fujiwara1
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1. FLC®IC

EAMEICLZBEHRELTILT, RBICS T2 EFEBOMESFABEAALIEZIEIFEETH
3. ZOEHICE, JYBELLINAHBETILOEEIEELRFEND—DOTHS.

BERBHFTIEINE T, E®E(0.1Hz~10HZZE) DI EEF M %2 @ICERET 2 2 & #BHE L
T, R=V VI 7—9BLUYMMHET—9 (EICHEBERT—%) ZINEL, X - FMEFEELHBEST
IWEERLTER. BE, BRI, REFSIP TLYY Ty MR - Bsisaeniait] o® M) 7%
A LEEHE - KERBRNE - 2 - FIFRAV AT LRAFE] OT—<D1DTH3 MEHRSHED/ZHDIH
THETTIOBE] ICHWVWT, AR - RIBHEBOREMEETIILOBELREL TWS.

AR TIE, SIPEED—EBT2014FEEZ¥EHD S2016FEE X TICHR/NT L 1 HEVE A% EHE L -5 148
CEARRE LT, BT LA HIAENEENSBONISEEEBEEZAVT, BEOR—) VY I/F—9PK
EBhEBERICEDOVWTERINAMESHEETIILORAREEITV, YHMBICHS T2 XSHMEBETILOSELLE
A, ZITIRHEFIC, XK - FHHEHBETIOEBERL SBICSE, KIS L ORI OBHAELICHE
WEBEEZOLNDTEMEREETD (Vs300m/s~500m/sEB2E) OFEBER@MICEB L-RT%2T
).

2. WB/INT7 LA ESER

BEMEIERIC D WTIE, BRSO EICE - AICBWT, T LA EER60cm @ [45BNTLA] &
L T1T3IM~TOmEBD 3 EFBRAT LA ] 2HAEDELT l/'réﬁlﬁu%aéﬁ’ﬁbt NS0 R, BR
T#6E DN E P EERIS (K-NET, KiK-net, SK-NET, MeSO-net 8 K UKRF) i/ EHETTH
10,000# 55 (201 7&2ARE) ICSWVWTER L. F7-, —AESRMENERAKMIU210/2158 L0
JUATOVZAWT, #1~2km BB TEMSRISHBOE RN LT o=, Y 7Y v IEEEIZ100HzE L < 1E
200Hz & L 7=.

3. AMBRSHEEEEOMTFEL TORR

AR T, EEOHRYVTIRRE - BELIN TV RHBEICED CERBBIEEFRICLY, TRT
SKEEBEDHMEIT > /=, fRITIE, WEMEHY 7 b IBIDOI LT fMlcrotremorArrayTooIsJ FExHW
T, UTFOFIETITo 7.

O BEIRS S UH/ VAR MLELLD B BRI, FtAHELY
2)AVS30% DR M D H
)P ENHIRDEEEE L (Simple Profiling Method ; SPM)
4)f5 5T (Simple Inversion Method ; SIM) %5 MW 27012
S)H/VE3SADTRRTEONEEBEAMBEE LY aaA vy MM UyN—Uay (RACERENT)
6)Vs3508 & U'Vs500 EEEE Dt

AAA,-\,-\,-\
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BEICEYRONZ URTSKEEBE LR TSKEEBEMEICOWT, BFONMMEET L EHE - R
FMLELET, BEILSUCTBEEZTo. ZORR. ANMTEIR—Y VI TS ICEISREEBEET
IV (MHBEETIV) M TH >/, 51K, A=YV TREBROAFD S TIIHIMTHAIEL L, THEHE
BEEREREM (Vs300~Vs500) D3IRITHEENBABRICA > 7.

4, FED

FREI T, BEFMBEOEE LTER - GHICE 1T 2B/NT7 LM HEBBRATESNARRICEDE, 1R
SEREBEC2RTSKRERBSHEEZHEEL, YFHMBICH T 2HRFONHBEET IV ELE - REFLEL
T, AEEARYBENICEEBREA@MEZRELL. SOONYEHIE, SEOMEHFADLODHBBDOET IV
EFEDELERDZTHS .

E i
ARRIL, BERZEM - 41/ R=2 3 VREDSIP (BBHNA / R—> 3 VRAIETOsZ4L) LYYy
NARBRS - R SHREDREIE) (BIREAN JST) ICK > TEBESNE L.

BE R

1)ERER, BERILIT, WENREERY —ILORR T O1-EEMEMRITY — -, BXRERMMERRRE
#, 313, 2008.

)REAK, ZHE, BIBHE=, BNATLAICE2H L WHENREZE, AHTEFEESKEEDOEHFEHE, ¥
IB1RE, 61(6), 457-468, 2008.

3)Cho, I., S. Senna, and H. Fujiwara, Miniature array analysis of microtremors, Geophysics, 78,
KS13-KS23, doi:10.1190/ge02012-0248.1, 2013.

AHREK, KLEH, BNMHEIT LA ICL 2 RBBEREV AT LA-KET —YDEREFAFERICAITT
—, Synthesiology, Vol.9 No.2, pp.86-96, 2016.

F—U—N: IZHNER, SREEBSET . BNT LA, BREE
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Modeling of 3D S-wave velocity structure for sedimentary layers in
Kanto area, using microtremor array surveys —part 2-

HE. LR ER. BHE. BRILIT
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1. IEL®IC

BRI, MEESMOIMOBEA4B LI E 2N T, IThE TICERMISICE W TR FESGAhE
EFNDEBICERUBATETSY ), SSICZOBBETINESELT B0, 2009F~2016FICHIFT
RRMIEDEMEICE VT, HEFEE (VLA - B -BAT7LA) Z28EICERLTE L, £4AI1EHN(2016)
%, 2015FE X TICERE L TE 400 DHEI T L 1. 50005 DIB/NT7 L f HENFERR & BE
EHEEAVWVTENECOMBETIILAFI—=—VI L, RREBTWS,

ZZTlE, FEpHBEARRE LTEELTVLWAHME 7L M EEICDOWT, 2016FEICH 2 ICEHE L 721003
ADTF— 9 5MATEISICFa—=v s LEERARET 3,

2. ME7LARE (B &)

BEERIFIZ N E TICEARMME7EE OEMERICH W T, HNS5kmERRE. 4145 THEI 7L 1 2B 2L
T&EF, TNICIMA20165FICIE, FE - BHR - MR/ EZWRICHICT03MRICHE W THEMER 1TV, BIR
HhiIC B 1T BEREAEHES1 7R (5 ERESRMSE3STR) &R o7,

BETZ7LADORESE, TEMEBBYUBLUEE Y-Sy hELTWVWBZ END, FE100~400m(—
BEZESOOMTOERLER)DE=ZATRT L1 B LTR7SMOLFRE LTW3E, BBERICH W HMEE
I&, JU210, JU15(BILIEAE) S LT L 1 D—E TIEVSE-15D6(RFAIRTE) TH 5,

ZDEDICLTHRONAERENSSERERBEEAHET 572012, BWERZDR/VARY ML (F7=1EH
FEREFEDOH/VARY ML) BHET, YaA Vv M yNRN=—UavaRELE,

BE., BEOMEBEENERINERALARIN TV I MEETIE, ZOBEMENT L 1 OMERE & &
MAETOHRAUTEONLMERE L 2ES L T, SEREEBSHENTICHERL .

3. &8

WENT7 LA IFEERERFICLY., FICSOATFT—9BIMINAEREALICE WT, 500~900m/siZED
FEEE(0.5~3HZAZE DERME ICR ) DMBEI N, ERLAEEETIVIIESEEBAVWTRIIL. 2h
FTOMBETIIHNORELLBEINLI EDEBTETWVS,

BB TlE. 2016F & WRBMIFICE W THEHBBANZRERAL TWS, S&IE. FREHRICS T 2KE
HEETILOERICERYBATWSFIETH S,

A
KR, MERERM - 1/ N—2a VREDSIP (BHBHA / RN—2aYaliETAISL) TLY)TY
MBS - RSEEDRRIE] (BEEEA JST) Ik > TEBEShE L,

SE )

1) Senna,S,, T.Maeda, Y.lnagaki, H.Suzuki, H.Matsuyama, and H.Fujiwara(2013) : Modeling of the
subsurface structure from the seismic bedrock to the ground surface for a broadband strong motion
evaluation, J.Disaster Res.,8,889-903.

2) £&IFH(2016) ; BEBFLMD 7= H DERMIRICH 1T %5 - REHHAHBETILOEE, HIKKENZ

©2017. Japan Geoscience Union. All Right Reserved. - SSS15-P20 -



SSS15-P20 JpGU-AGU Joint Meeting 2017

EAKE, S5525-12.

3) [ - BA(2002) ; EARTEEHOFRDR THEHEDEEZ B E L-MBIREEZDOER M — 15X R Ehithigid
=RTSKBREBIEDHTE —, BUTSURI-TANSA, Vol.55, No.2, pp.127-143.
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%, 55, pp.53-65.
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3D velocity structure of Oita prefecture, Kyushu, Japan for strong
ground motion simulation
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ROBFERRICHERBLUXOIRTEEBEET N EER L, KPBRLHOFREEBSETIN (&
INSBGERE 500m/s) & AP FEHEHDORBEEBESET LIS D,

1) XPERLEBOFEREEEBEET IV

AR-AELERERICTEONLHME T L 1 EAKR. BEAREESRUNSITOR/VARY MU, WMENERIKE
REXAV., BEEEBSTETIVABE L, REICER, WE. Bfkk X, THEZICS T V3.1
km/. 2.1, 1.7, 1.4 km/sELEREN R BESIN, FNHMEOBRFERIIRFTH S,

2) ROFHHOXIEREBEE T IV DIERK

SRER - RIS AHBETIIVERAE (ERIED) ICHBRERLAZFET250mA Y Y 1DEREREET IV
ER LT ROFEHFOR—) VI 7—92RELBHERSEEEL T, LEWE - WEE. hIEB. T
B-HttrtEothEREEEHEL, T8, NEDOAYY2ETIVEERLEZ, COXYyYa2aETILOL
B, NEEZREZRAV. XH - BEORRNICTSEREICEB UFRPBEEEERLZE IS, KOTHRE
WENT L AEH (FRIFH. 2016) ICLBABEEABRHRATEIEHNTE,

R, XHMHPEERFAER HIF-FFLURET (KOFH-BAGRMBETRS) LB 2ERNLHAE
Rl O—]RELTEBLE L,

F—U—R: SIKEEWBEET /. HEHFA. HREDH. HBEE
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Evaluation of Three-dimensional Basin Structure Model beneath
Beppu bay, Oita Prefecture, using Seismic Interferometry
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20148 ALY, HFES K UEDgO R MBEEEE T IV ORIEEZENE LT, BIFEEHLEL
7=BR#E65km, FEEIL30kmDEBEAD 12 R (B RERKN12km) ICH W TAFISERMEIERZEREL TV
% (%M - s, 2015 ; Yoshimi and Hayashida, 2017) . 2014FE98H» 520165F48 (REARthEFRLERTE
T) D200 BREICHT- > TER I N ERERREZICH L THERTF S E4EAL, SASBOBEERERE
# (ZR, ZT,ZZ,RR,RT,RZ, TR, TT, TZ& %) Z8H L7-. BRIKER7II66H8T, R FEEERH
6.4~65.2kmiC &, HEHABERKORY v XV TNBORR, < DEHERTICBVWTRERICHE L
RN T E 2. 7, REOBBEMLAIERE (ME - fth, 2015) B LTHELELE. FEICIE, =/
EEOTEICHRIBELULAZDD (REAARIGEVEEOERRRT) , BRICEHEHEESI D (FilA
FISGAWEBOSARART) NREohi. £/, EREFENFES AT ENEESCHURRTT
(&, OB E ENTEBENMEMLATRELS. AR TIEET, hsOBEERBREHISRARED S
)—VEHMICHYETBERAL, YILFTILT 1LY (Dziewonskietal.,, 1969) IZ& 2RE R
(Rayleighi® & U'Lovel) BREDHBIEDOHEEZITV, AEBBOMREDOEEAMERTT L
I2, BEOHEREERBEETIV (-SHISETL) SYHESNZEREEOEEETo/. HWT, =Rt
BRZE%5% (HOT-FDM; Nakamura et al.,, 2012) #BWTEHAISBDERS ) —VvEHAEH L, HEHEERE
s OB AT 7. Bd, ARENEETOBRICIZEMS - M (2016) ICKBETIL (-SHISFEERHAZFEE
EFIVICEL - BEMF SEBKEMMLZED : RAIOkm, FEIL100kmD%EE;, 41 v RERE50m) %{#HA
L, SEAIM S ETHEMRS L CKEMREZIT > 2BRICHb S THEB I N2 KT (0-60ME) #5tEL
. BEEEBIERRART T, 0.1-0.5HzOERBFHICEVWTHREES LT — v BEROHHEBEFD
HMTFBEETIVICE >THRBIRTZ2ZENTESZY, FEREZBCEHASRTICEVWTIE, 0.3HzZELED
BRBHEICEWTERES L UBREFEORENAROSNS. 722 L, IREE2HUCEIRBR7DEERE
FRSULEEN TR THZ T —AEZ VN NS, BEOBHBEECHIMERE, 7 —VEHELToZY
HEZELAELTOEMBRETIVORIENIVETH S.

g -
AR, XERP2EETFE IF-FELUNMEBT (KOEH-HARMBHERE) IC8T2ERMNAHEE
BRIl O—BELTERBLE L.

F—7— R ERTSE REKR BRE. 7 —VBEH #ME. ARESE
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The Estimation of 2D S-wave velocity structure model across the
Morimoto-Togashi fault zone through miniature microtremor array
analysis
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Around the Noto peninsula, ENE-WSW or NE-SW striking reverse faults developed under the E-W
compression stress in Quaternary (Okamura, 2007). It is important to reveal the subsurface structures of
the faults, which have formed the topography of this region, to understand the geotectonic history of this
area.

The object of our study is to reveal subsurface structures of the Morimoto-Togashi fault zone, which is
located in southern part of the peninsula. The probability of a large earthquake occurring within the next
30 years is high, 2-8%, and the fault passes the city center of Kanazawa. Therefore, this study is also
useful for the disaster prevention. A seismic reflection survey around Togiya, the north part of the
Morimoto fault, suggests that the fault structure is an east dipping reverse fault with 40-60 degree, (AIST,
2008). However, the details of the subsurface structures are still unknown. Additionally, the gravity
anomaly analysis cannot detect the structural boundary along the fault. In this study, we conduct
miniature array analysis (Cho et al., 2013) using miniature arrays with a radius of 0.6 m and
irregular-shaped arrays with a radius of 5-15 m. Sampling frequency is 200 Hz and the observation
duration is around 15 minutes. Seismometers used for the observation are JU410 manufactured by
Hakusan Corporation. We set 11 lines across the fault zone. The intervals of the observation points are
100-200 m. We analyze data with the software BIDO and infer the two-dimensional S-wave velocity
sections. The software BIDO combines a simple profiling method (e.g., Heukelom and Foster, 1960),
where an S-wave velocity structure is calculated directly from a dispersion curve, and a simplified
inversion method (Pelekis and Athanasopoulos, 2011) to estimate the S-wave velocity structure. Around
Togiya where the seismic reflection survey was held, the obtained S-wave velocity section shows a
discontinuous structure of bedrock (Vs=500 m/s) on the 100 m east side of the surface fault trace. This
discontinuity infers the east dipping structure with a high angle, corresponding to the faulting type of the
fault.
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Density Structure Model Estimated from Gravity Survey around

Mashiki damaged by 2016 Kumamoto Earthquake
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Shun Araki?, Tatsuya Noguchi3, Masao Komazawa®, Shoya Arimura®, Mitsuhiro Tamura®, Kei
Nakayama?®, *Hitoshi Morikawa', Takashi Miyamoto®, Kahori liyama', Yoshiya Hata®, Masayuki
Yoshimi’, Takao Kagawa®, Hiroyuki Goto®
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1. Department of Urban Design and Built Environemt, Tokyo Institute of Technology, 2. Department of Civil and
Environmental Engineering, Tokyo Institute of Technology, 3. Department of Management Social Systems and Civil
Engineering, Tottori University, 4. Oyo Corporation, 5. Department of Civil Engineering, Yamanashi Univsersity, 6.
Division of Global Architecture, Osaka University, 7. Geological Survey of Japan, AIST, 8. Disaster Prevention Research
Institute, Kyoto University

Gravity survey has been carried out around downtown of Mashiki, Kumamoto, Japan, where is severely
damaged by 2016 Kumamoto earthquake, from November 28 to December 2, 2016. We applied three
LaCoste gravimeters and one Schintrex CG-3M. Closed observations were carried out at more than 300
sites around the central part of Mashiki with about 50-meter intervals. And, more than 150 sites surround
the central part with 250- to 500-meter intervals. The observation sites satisfy enough density to discuss
density structure shallower than 500-meter depth around central part of Mashiki. After applying some
corrections to the observed data, the Bouguer anomaly is calculated under the assumed density of 2.4
g/cm3. Furthermore, gravity basement is estimated under an assumption of two layered medium with
density difference of 0.5 g/cm®. As a result, a graben runs parallel to the Akitsu river and some isolated
small basins are found inside of the graben. The central part of Mashiki is located immediately above of
the one of such the small basins. This may suggest that the focusing phenomena of seismic rays.

F—0— ] BENRE. AR, BEES
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Microtremor Array Measurement Survey and Strong Ground Motion
Observation Activities of the SATREPS, MarDiM Project, Turkey

*seckin ozgur citak', Safa Arslan?, Ozlem Karagoz3'7, Kosuke Chimoto?®, Oguz Ozel?, Hiroaki
Yamanaka®, Bengi Aksahin?, Ken Hatayama4, Michihiro Ohori®, Muneo Hori®

1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Research and Development Center for
Earthquake and Tsunami (CEAT), Yokohama, Japan, 2. Istanbul University, Department of Geophysical Engineering,
Istanbul, Turkey, 3. Tokyo Institute of Technology, Dept of Environmental Science and Technology, Yokohama, Japan,
4. National Research Institute of Fire and Disaster, Tokyo, Japan, 5. Fukui University, Research Institute of Nuclear
Engineering, Fukui, Japan, 6. University of Tokyo, Earthquake Research Institute, Tokyo, Japan, 7. Canakkale Onsekiz
Mart University, Department of Geophysical Engineering, Canakkale, Turkey

Since 1939, devastating earthquakes with magnitude greater than seven ruptured North Anatolian Fault
(NAF) westward, starting from 1939 Erzincan (Ms=7.9) at the eastern Turkey and including the latest 1999
Izmit-Golcuk (Ms=7.4) and the Duzce (Ms=7.2) earthquakes in the eastern Marmara region, Turkey. On
the other hand, the west of the Sea of Marmara an Mw7.4 earthquake ruptured the NAF' s Ganos
segment in 1912. The only un-ruptured segments of the NAF in the last century are within the Sea of
Marmara, and are identified as a "seismic gap" zone that its rupture may cause a devastating earthquake.
In order to unravel the seismic risks of the Marmara region a comprehensive multidisciplinary research
project The MarDiM project "Earthquake And Tsunami Disaster Mitigation in The Marmara Region and
Disaster Education in Turkey", has already been started since 2003. The project is conducted in the
framework of “Science and Technology Research Partnership for Sustainable Development (SATREPS)”
sponsored by Japan Science and Technology Agency (JST) and Japan International Cooperation Agency
(JICA).

One of the main research field of the project is "Seismic characterization and damage prediction" which
aims to improve the prediction accuracy of the estimation of the damages induced by strong ground
motions and tsunamis based on reliable source parameters, detailed deep and shallow velocity structure
and building data. As for detailed deep and shallow velocity structure microtremor array measurement
surveys were conducted in Zeytinburnu district of Istanbul, Tekirdag, Canakkale and Edirne provinces at
about 140 sites on October 2013, September 2014, 2015 and 2016. Also in September 2014, 11
accelerometer units were installed mainly in public buildings in both Zeytinburnu and Tekirdag area and
are currently in operation. Each accelerometer unit compose of a Network Sensor (CV-374A) by Tokyo
Sokushin, post processing PC for data storage and power supply unit. The Network Sensor (CV-374A)
consist of three servo type accelerometers for two horizontal and one vertical component combined with
24 bit AD converter.

In the presentation current achievements and activities of research group, preliminary results of
microtremor array measurement surveys and recorded data by the newly installed stations will be
introduced.

Keywords: Satreps, MarDiM project, Seismic observation, Microtremor array measurement
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Elaboration of a velocity model of the Bogota basin (Colombia) based
on microtremors array and gravity measurements, and strong motion
records

*Nelson Pulido’, Shigeki Senna’, Hiroaki Yamanaka®, Helber Garcia®, Leonardo Quifiones®,
Chimoto Kosuke?, Cristina Dimaté*, Mario Leal®

1. National Research Institute for Earth Science and Disaster Resilience, 2. Tokyo Institute of Technology, 3. Servicio
Geolégico Colombiano (Colombian Geological Survey), 4. Universidad Nacional de Colombia (National University of
Colombia), 5. Instituto Distrital de Gestion de Riesgos y Cambio Climatico (Bogota Agency for Risk Management and
Climatic Change)

Bogotd, a megacity with almost 8 million inhabitants is prone to a significant earthquake hazard due to
nearby active faults as well as subduction megathrust earthquakes. The city has been severely affected by
many historical earthquakes in the last 500 years, reaching MM intensities of 8 or more in Bogota. The city
is also located at a large lacustrine basin composed of extremely soft soils which may strongly amplify the
ground shaking from earthquakes. The basin extends approximately 40 km from North to South, is
bounded by the Andes range to the East and South, and sharply deepens towards the West of Bogota. The
city has been the subject of multiple microzonations studies which have contributed to gain a good
knowledge on the geotechnical zonation of the city and tectonic setting of the region. To improve our
knowledge on the seismic risk of the city as one of the topics, we started a 5 years project sponsored by
SATREPS (a joint program of JICA and JST), entitled “Application of state of the art technologies to
strengthen research and response to seismic, volcanic and tsunami events and enhance risk management
in Colombia (2015-2019)” . In this paper we will show our preliminary results for the elaboration of a
velocity model of the city. To construct a velocity model of the basin we conducted multi-sized
microtremors arrays measurements (radius from 60 cm up to 1000 m) at 41 sites within the city. We
calculated dispersion curves and inferred velocity profiles at all the sites. We combine these results with
available gravity measurements within the city to obtain the initial velocity model of the basin. We also
evaluated site effects in Bogota using records from the Strong Motion Network of Bogota.

Keywords: Site Effects, Strong motion, Bogota basin, microtremors array, gravity
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Observation of source rupture directivity and site effect using
earthquake early warning systems

*Ting-Yu Hsu', Pei-Yang Lin?, Hung-Wei Chiangz, Shieh-Kung Huang2
1. Taiwan TECH & NCREE, 2. NCREE

The National Center for Research on Earthquake Engineering (NCREE) in Taiwan has developed an on-site
Earthquake Early Warning System (NEEWS). The Meinong earthquake with a moment magnitude of 6.53
and a focal depth of 14.6 km occurred on February 5, 2016 in southern Taiwan. It caused 117 deaths,
injured 551, caused the collapse of six buildings, and serious damage to 247 buildings. During the
Meinong earthquake, the system performance of sixteen NEEWS stations was recorded. The directivity of
the earthquake source characteristic and also possibly the site effects were observed in the diagram of
the distribution of PGA difference between the predicted PGA and the measured PGA. In addition, based
on a preassigned PGA threshold to issue alarms at different stations, no false alarms or missed alarms
were issued during the earthquake. About 4 seconds to 33 seconds of lead-time were provided by the
NEEWS depending on the epicenter distance.

Keywords: Source Rupture Directivity, Site Effect, On-Site Earthquake Early Warning
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Multi-use seismic stations for earthquake early warning

Stephen Kilty', Bruce Townsend', Geoffrey Bainbridge', David Easton', *Nahanni McIntosh'

1. Nanometrics Seismic Monitoring Solutions

Earthquake Early Warning (EEW) network performance improves with the number and density of sensing
stations, quality of the sites and of strong-motion instrumentation, degree of coverage near at-risk
populated areas and potential fault zones, and minimizing latency of signal processing and transmission.
Seismic research tends to emphasize competing requirements: low-noise sites, high-performance
broadband seismic instrumentation, and high-quality signal processing without regard for latency. Recent
advances in instrumentation and processing techniques have made feasible the concept of a multi-use
seismic station in which strong- and weak-motion seismometry are both cost-effectively served without
compromising the performance demands of either.

Our concept for a multi-use seismic station meets the needs of both EEW and high-quality seismic
research. One significant enabler is a 6-channel dual-sensor instrument that combines a 120s broadband
seismometer and a class A accelerometer in a single ultra-compact sonde suitable for direct burial.
Combining two sensors effectively adds broadband capability to a station without increasing the already
optimized site footprint, preparation and management costs associated with shallow direct-burial
installations. The combined sensors also simplify and speed up installation (for example, the
accelerometer provides real-time tilt readings useful to leveling the seismometer). Integration simplifies
alignment to north, as there is only one instrument to orient. A dual-use 6-channel digitizer
simultaneously provides two sets of independently processed streams from both sensors, one set
optimized for low-latency earthquake warning, and the other set for high-quality seismic research
purposes.

Such a dual-use seismic station can serve both seismic research and civil warning infrastructure
objectives without adding significantly to the cost of a single-use station, while increasing the utility for all

users of the station’ s data.

Keywords: earthquake early warning, broadband seismometer, accelerometer, multi-use seismic station
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Development of inference methods for rotational motions on ground
surface
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Study on the backtracking factors of Arias Intensity based on the
Ground-motion response spectrum and time-period envelope function
parameters

*Liang Xiao'
1. Institude of Geophysics, China Earthquake Administration

Arias intensity, as a parameter descripting ground motion amplitude and duration characteristics, has
good correlation with earthquake damage such as landslide and sand soil liquefaction. The study on the
relationship between the Arias Intensity and the ground-motion response spectrum has important
application value in the rapid assessment of earthquake disaster, seismic landslide hazard analysis and so
on.

Our previous research found it was difficult to backtrack or reproduce Arias Intensity by using only
response spectrum through artificial ground-motion. Ts, a critical parameter of the envelope function,
defined as the duration of stationary portion of an earthquake record, was found to have great influence
on the backtracking results of the artificial Arias Intensity. However, Ts could vary a lot due to different
rules of definition. Thus, one proper definition of Tsis needed to meet the demand for backtracking of
Arias Intensity.

In this paper, a set of strong ground-motion records chosen from U.S. PEER NGA database were used as
the basic data. The corresponding response spectrum (5% damping ratio) and Arias Intensity was
calculated. Ts for each record were calculated using several frequently-used definitions. Artificial
ground-motion acceleration time periods were generated and were used to reproduce artificial Arias
Intensity.

The statistical difference between real values of Arias Intensity and artificial ones were identified. The
proper Ts was defined as the one that minimizes the difference between the statistical mean of artificial
Arias Intensity and the real values. Additional tests showed that backtracking of Arias Intensity could be
improved in a statistical sense by using both the response spectrum and proper Ts parameter.

Keywords: Arias Intensity, Strong ground-motion, Response spectrum
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The detailed explanation of the strong resemblance between Fourier
Spectrum and Phase difference Spectrum of the Seismic
Wave.(Science of Form)

TE R

*Masaru Nishizawa'
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1.The phase difference Spectrum and The Phase Wave of the seismic wave.
Fig-(1). Show “The relationship between the phase difference spectrum and the phase wave” . Please
refer to reference (3). Find the phase difference Spectrum from the phase wave on the right -hand side,
the peak position and added an expanse state of Spectrum are in perfect harmony accord. In short (in
other words), in case of the frequency of the phase wave is high, the shape of the normal distribution of
the phase difference spectrum is build up sharp. And in the case of large frequency get a flat normal
distribution of spectrum. This phenomena stand up all right frequency is high or low. Of course this
phenomena is reversible was stated reference (3).
| shall state a next item 2, the seismic wave and this phase wave should be a one-to-one relation. And still
more the Fourier spectrum of the seismic wave and the phase difference Spectrum should be a
one-to-one relation.
2.The Fourier Spectrum and the normal distribution of seismic wave.
We think that the case of the epicenter length is becoming shorter little by little. The large epicenter
length to get along with, the seismic wave energy is dispersed in every direction and still more had died
out. As a result, the shape of the Fourier spectrum don’ t become a hill shape and happened occasionally
a pointed shape. The shorter epicenter length to get along with, the shape of the Fourier spectrum of
seismic wave is formed a hill and soon are considered the shape of the normal distribution.
Reference. “Earthquake” written by Seismologist KIYOO Wadachi. The Chuukou Library. (A pocket
edition) 1933 and 1993(reprint) p.99

“In the near area to the epicenter, the earthquake have very sharp motion. In many case, intense vertical
motion happens in the early shocks of an earthquake. The longer the epicenter length little by little,
vibration of seismic wave become slow little by little and becomes superior in a horizontal vibration.”
The shape of this normal distribution has flat hill and besides has large frequency of the peak of the hill.
But get shorter little by little, the shape of the normal distribution (or Bell type) becomes sharp and
becomes short frequency.
Moreover make the short epicenter length, we shall study the normal distribution theory (Gaussian
distribution, Mt.Fuji-type or Bell type) of probability and statics.
In the reference (4), | have explained the KdV equation.(literature (3),(4))
Abstract
1. The shorter epicenter length shorter, the shape of the normal distribution becomes sharp. And this
frequency too becomes small. The case of the epicenter length is large, the normal distribution of
spectrum of seismic wave was not build up. Only build up a scattered peak.
2. On the case of the phase wave and the phase difference spectrum, the same phenomenon too come
into being.
Reference
1. Yorihiko Osaki "Shin Jishindou no Spectrum Kaiseki Nyumon" P78.
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2. Masaru NISHIZAWA. (2012): Study of shape of Mountain (Normal Distribution) of Fourier Spectrum of
Earthquake Motion. May 20-25, S-SS30-P12(2012, JpGU)

3. Masaru NISHIZAWA. (2012): Handling by Solitary Wave and soliton of Earthquake Motion: October
D22-01, 2012, The Seismological Society of Japan.

4. Masaru NISHIZAWA. (2015): Normal Distribution of Seismic Wave Spectrum and Solitary Wave in Water
Waves (Science of Form). October 27. SO01-P20, 2015, The Seismological Society of Japan.
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* Reference 1: The very excellent and the easy to understand book. | can say with confidence.

F—7— K : Fourier Spectrum, Phase difference spectrum,. Seismic wave, Phase wave, KdV
equation, Solitary wave
Keywords: Fourier Spectrum, Phase difference spectrum, Seismic wave, Phase wave, KdV equation,
Solitary wave
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