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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
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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
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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'
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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
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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,
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Mot HEDERAMERTIRTIA—FELT (Vi V) NV 2RO D E22%I705, ZOHOEASTK
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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,
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Velocity Structure Model of Sedimentary Basins in Toyama Prefecture,
Japan, by Microtremor Array Measurements

SRE A, SH B0 =B ML KE &R, S8 nE
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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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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,
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Keywords: Toyama plain, velocity structure model, microtremor array measurement
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Modeling of the subsurface structure from the seismic bedrock to the
ground surface for a broadband strong motion evaluation in Kanto
Area. (part2)
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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,
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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

©2017. Japan Geoscience Union. All Right Reserved. - SSS15-19 -



SSS15-20 JpGU-AGU Joint Meeting 2017

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
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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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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®
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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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