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Estimation of fault slip distribution using back propagation calculation
of seismic waves by data assimilation - Numerical experiments

*Shibata Yugo', Furumura Takashi'

1. Earthquake Research Institute, the University of Tokyo
&I
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DETbhz, ChicHlL, ET7LABRORKET— 9D OERMBIRNYDHEEEAA—V VIS
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and Aoki, 2015; Furumura et al., 2019; Oba et al., 2020) O FRITLL AVWONZRERNFEEZEZFAL

oo T RMEEBAVWATRIE, BEICHH - BIE (2020) IC&>T. ANEDREROA X —Y Y JICHEA
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BUERERIC L WRRET L 7=,
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BNSOAEIICHEN T 2= EH~EARBD650 kmx50 kmDEE & L. JIVSM (Koketsu et al.,, 2012) %
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Z9/100KEETH2 (M1 FDORAW) . BEFERISEHBEROICES, WIREHBEREVr=3.2 km/sTHE
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BRWZFE LT,
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BStEk, 22T hERSHORESMHNEREERE20 kmDA T RPHEICHD REL. XBRKRE &5
BRROBREDKRESIHARETHSHEREL T, BAREOEHFERZRTE LT,

T—9EEERAVAETRIFTEICEIVEONAMEMBINY A X—U %R 2I2RY, TITlE. TRIOZEER
Ty TICBVWTENHEDERFROBHEIRILF—%2RD, LASKRFROGEHIXILF—DRARER S
Bl (4.5%) CTOBUEIRILF—DOPHEERRLTWVWS, SAEMBIRYETIL (F1) &HHELT, 2

DDTAR)TFADDBLIMBIRY DHDA XA =SV I BEINICTORTWE I EPHETE S, ThiC
WLT, T—9EILETHRVL, EERDOTRINSKRO SNAMEMB TR 4 XA —JE, 7ARY 74 %R

TZdKremersetal. (2011 ERLALEBYDRERE Ao 1=,

BH. ARRTIIEEDLDHIC, HEHE TN OREZELEZERET. BEIRILF—DPRKE R > EA
DIEMBIARY ZHE LD, BEXMEOERMBATIL, MBI ARY OB - ZENELDA XA —=I Y THi
BETHD, £, BL2HMEROREBBEPEARTE. £/-7—9RA/ T XA —9 HTRIOBERE D REICE
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Near-field Observations and Slip Distribution for the 2014 Orkney,
South Africa Earthquake

*James Mori1, Tatsunari Yasutomi'
1. DPRI Kyoto University

We examined the near-field records for the 2014 Orkney earthquake, Mw5.5, to infer source properties
for this moderate-sized earthquake. The event was the largest recent earthquake associated with the deep
gold mines of the region. Different from usual normal-faulting events that are induced on known
structures of the mines, the M5 earthquake took place significantly below the mining horizon with a
strike-slip mechanism on an unknown geologic structure. Seismic activity close to the Moab Khotsong and
Great Noligwa mines is very well monitored by instruments installed on the surface and in the mine
tunnels. The high sample-rate, 6 khz, geophones installed in the mine at depths of 1 to 3 km provide
high-quality recordings of the mainshock and aftershocks.

The waveforms show that there is a small foreshock,about M1.8, located 1.6 km south of the mainshock
hypocenter and at 0.6 sec before the mainshock. There is no evidence of any unusual character of the
foreshock, or any significant deformation between the foreshock and mainshock.

Using lower frequency data, lower than 2.0 hz, the nearfield waveforms can be modeled using a finite fault
slip inversion. The results show a slip distribution with two main patches of larger slip. One is located
slightly shallower than the hypocenter to the north and another located slightly deeper than the
hypocenter to the south. The area of the fault plane is relatively large for a M5 earthquake and this gives a
rather small static stress drop.

Moment magnitude 5.3
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0_
~2000 | — e
b . . / —
—~ —4000 - ) = i s
% —-6000 - 3 ‘_}—*/} r
o -8000 D . -
~10000 - N e
-12000 '
10000 5000 0 5000 10000

Distance from hypocenter (m)

© BxEZS -S15-11 -



S15-12 AAMESA22020EEHEAS

Generation of long period velocity pulses near surface fault during the
2008 Wenchuan earthquake

*Susumu Kurahashi', Kojiro Irikura’

1. Aichi Institute of Technology

2008 EM)I|& % EiR & L7=Wenchuan earthquake (MW8.0)A" &L L7z, ZOMETIX, HRMBUEH
200 kmBLEICE > TN, RATKEHRDTLIm, ETFTRD T6.5mOEBEMAHEREINTWS (Yuetal,

2010) , F7=. BEEDINSARIC & 2B EIERPIEI A v /\—T a VIER T, BB DILER & mEf TIHER
ANELZETILIERESNBRINRINDRE, HEMRIBHTHI I EATRBIATWS, (BIZIFE

T ihIBRR; 2008, Koketsu et al.;2008) . 512, B1 (A) IKRT LIS, ZOMBEDDT I b=0 ZPR
ENHBREDFEREIY., MEBOEI XY NTIRETICES S 2 KOMETOFEN A 5N, BRERITEIXRALCT

RISEDLKBIC2FICHNZHETH D Z ENTRINTWS (HZI1EZhao et al;2011, Zhang et

al.;2018) .,

MEENSIERIC DLW TIE, China's National Strong Motion Observation Network(Z & V) ithZR i 8 E D thish 1 &
WTHEROBHU R TEERREIBFTONT WS, HMRMEMBMEICIE 2EAR (MZQERR = & SFBER
=) BHY, RRINEE (7145 —71L) IFMZQE R = TH800gal, SFBERAIR TH600galTH o7, £
7=« BREE., KAZA (O—/RRT74I)LF—: ~1.0Hz) IF. MZQEAI S TIE#100cm/s. 100cm. SFBER
AITIEHI50cm/s, 50cmTH Y. HICMZQTRRAPEE/NIVZE L THBIKE RKARUAIRASNT
w3 (B1%5) .

INSDBREHEBFRT Z2ERETTILE LT, Kurahashiand Irikura(2010)IC & Y. $REREG 1) — V BAEUE
(Irikura, 1986) & BEBUEREGE (Bouchon, 1981) M/ 7' 1) w RiKIC & V) B EN & BRI (Strong motion
generation area : SMGA)DERETILABEINTWVWE Y, BiibIh—KIBIEEINZEDT, B
RHREEOSMAMRIIERINTVARL, BETIE, 2016FEXMEDEF D & S ICHRMEICREEZE

EB/NIVAPKAEMEERT 258 (2 2 TIIRAMMESIEMKIE (Long period generation
area) :LMGAEMLR) AFEHET HEEEMI BRI TEY (B X Elrikura et al. ; 2019) . Wenchuan
earthquake TELMGADEFEEN T 2HEHIDIREEIE. BEHFADOHERNSEZTHLOTEETH S,

AR TIE. Wenchuan earthquake TIEBI L2 FEATICE S 2 ADKE (K1 4A) 2 BEMBETILL
T. MZQ& SFBERRI m DEHIEESRS & UFInSARICK 2 K AZEMEABIRT 2ERETIVEBET %,

BiEE : mEHREHKIE, PEMERIC K Sthe National Strong Motion Observation Network D&REI T — 4 % (&
At TWEEEE L, BLTERHRLLEIFET.
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Ground motion prediction equations for PGAs and PGVs from strong
motion generation areas of a megathrust earthquake

*Masatoshi Miyazawa', Ryota Kiuchi®*?, Kazuki Koketsu®

1. DPRI, Kyoto Univ., 2. Graduate School of Science, Kyoto Univ., 3. Kozo Keikaku Engineering Inc., 4. ERI, Univ. of
Tokyo

HEBOERHRERNICDOWT, 201 TEMWI.0FRILH A KRIFEFFHED & 5 RERMEDEEREHZRIE S
N2ELIICRH>TLUR, BEOETIIABEMICERT 2T TIEETIVEBRAEEDIESDEAKREVWEDR
BEMNMEREINTEZE, TICINEHEBY DN —HKTRVWCEICERLTEY ., FICHREERE SN EEES
DIREE, BEBERR EMEN 2MEM LOFERBN OB I NETERI LTV, #>T. FURFR
BEMEO/NSWERBREXOBEDAZDHICIE. TOLINBENERBEZEEL LAERBERORBEREAEY
ZRENHBZEMEHEINTULS (e.g, Midorikawa et al., 2012; Goda & Atkinson, 2014) ., BEiF D iR
BEXTIE., FRETHHMEORECHEREAE N OOREEHESE 7. HIBBYDIET LERICON IR
EGNSA—FICEDC 2, RIMAXRFEFBEICR 5N 25 & 5 REROEESI £ ICX L TERIIC
BRATZEIFHERN, COZEICERTZ2FAEDIESDEIE, MEBEBIEKRICAZIFEHEETET AL
SRELTENTL %, £/, HEMEALTERREISZ O IaL—Ya v agEeA>ESHICBWTE, B
B/IRXTA—49CEEICEAT 2AEEEIEKREL, o TEAMEICLZBEEFDL ) FFRIDEDIC

., Br DBREBEIEMRIICH T ZEMCREICEDERES I HECEZ MR E KD IMVENH B,
AFFRTIE. 2003F+FEHthE. 201 1ERIL A X FEF A EDOER OEEBERFICEB L. TDOMwE
EEBEICE D { PGARUPGVDIERERE DR AN 2, AW REEIEMI L. Kamae & Kawabe (2004)IC
& BAsp-1. Kurahashi & Irikura (2013) IC& 3SMGA1, SMGA3T#H %, PGARUPGVICDWT

&, K-NETS & UKiK-netDIFRECERHN 5, HEXAEENEMRITH O EE L /2R 2 ERICE D VW TGETH

L. RotD50 (Boore, 2010) & KEZFHANRY MIVIRIEDRKIEA AT %, EARERZEERENIL. BEE
ERIED S DR L TSIEDOBMIREREERE L. MwIkFIE, 8L - ASR=ICER Y 2 EERER=RIE. HIEHE
HENTA—FETHEAMNBHEZRAVTWS, FLREEOHELZ BT 5 -OICHREENEKIEHL O DERHN
400kmE COERREHFRERA VDS, ETIHEDHER. ETIVICHT 5T —9 ORFIELERZE I
0.236-0.237D&EANTH Y., ROLNIZETINET—Y 5 L KRATETWE EE X5, FAFILMMAKRE
SR EICBRNIEPGAE PGVICX L T, WEIB#RZ120.213£0.207TH Y. BEFEDETILCIEERBEDH L
D2 7-PGVDETFIMEEHETWS, 1/QICHEY T ZiEFIEIZ0.007 £ #ES . Kanno et al. (2006)IC& 2
f&. 0.003-0.004& YW HBTHEL, ik, RFAFRTIE2003F it EDEEFMH LEHFBON4EI % G
O, LBETTOLEEHTY MLOBWEREEORENENTWELHEEZ D, FIZAIE. FLthAKEEH
HEDHDEHEERBWEIFEIX. PGAEPGVICDWTZENZFN0.0046&£0.0019 & EWMEICKE S, MwicET
Zi&kEFEEIE. 7 - 2)I(1999)%Kanno et al. (2006)& W HRKELENHEINTVWE D, ThIFAWVW:ET—%
vy MIBITEZREEBERIEDOMWDIEAMWT.5-7.8E <, +RICEIHRINAEWEZDTH D, L

T. INFEFTOEEBERNELBARLETILAASX—F1F, FENAREICKREF>TWS,
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Comparison of seismic motions in Hokkaido from intraslab, interplate,
and outer-rise earthqukakes of Northeastern Japan

*Yasumaro Kakehi'

1. Graduate School of Science, Kobe University

- NER (BAKRR, 2019) BRIEEBAOEREFTRETZIRATITIN, FL—MER, 799—F14 X
HEICKZHMEBENCOWTEHLWREZMA ., ZOM, BHl7T—49 & LT, RIEBANE WD BIlICER
TR2RTHEEEHL, BIICERT2ABAICELZ—HICHERI3Y 1 TOMEICL ZRILAERTOMEE %
BT L7, 72720, BARAELICLARW D, ERMENERZIVA TOMEICLZERHT—IDER
PN RIEMICERY, A—RETOLERI#LWVWE WD BELIH - -,

ZITZDOMERTIE, RILBEDIY A TOHMEICL ZMEH 2 ILEBETEB LT —9 BT L7, B@BHTIC
&, BBERHRTHRELA2003ERZTHHE (M, 7.0, IRF—TABRICK 2FE72.03 km, LUTA Ry
RSEMER) , 2011ETL— MERME (M, 7.2, [KET—TIEERICE ZFEE8.28km, UMY kP&
IF.3) , 20057749 —54 XHE (M, 7.0, BEERRPF-netlICE 2FE14km, UTFA RV hOEW

) EWDSMEDRFRBEHDK-NET, KiK-neti#BZE7T—9 %2 F o7, ZOIMEXRENIFIFAL T, HIC
TTEIICERPRILAARMICER T 2 ARAICIFIF—ERICTESR, LEBEOHBAREWNRICT 215G, HE
DETCEREHICREMABRZEL R, BBLZEABELEEZITLL,

ARV RPEOIREBRENMEVEWVWDRATHBELTEY, 1RV MNSOAEBENEEITEVNDT, BMICEZS &
ARV MPEOICKZHMEENIE A RNV FMSICK BZHEENE DEICKEREWVWSAR LN ZENFEEINS, HIC
3#EIC & BZPGA (Peak Ground Acceleration, INZEERKIRIE) DD & ERATIEAOE R =

KSRHO7 TORE R A2 ~d. PCADEESHAEZR2 &, FRICKL, LEETOIMREEL NILIEA R fSE
ONERET, 1RV NPOHIMBD2EEEZARYIIEEL NILIMEWT EHH B, KSRHO7 TOERIER %
R2E, INEFBICRL, 1RV RSEPTIRBREENRD DEHT 2SEDRIIERIRMDOREEHIERERICE
ZABDICHL, 1RV NODHIMBD2EEEARY, BEE2ATERERSNEE L, EREEHROREREDIRIE
[EAEREIIC /NI W,

PED&SIC, ARREOERBEE AR OIMEDILEBETOERAUT —9 DLEEN S, BARZEREIDEVEL
HORERFHIMEICELE BREFOHKITELEAHL>TWB I ENHEIND, FABADIL, (1) BROEWNA
Ry NSOEAKRF T, BROZFVNARY NPERREICKRERDIRIENAARE VW &, 2) BREDXRWVNARY K
OT, BEARBORMEDIRIEN /NS W &, D2HTH S, (NICEAL TIIRBFRTIIEEMNLRAZ BV
LZENTERL, 2QIID2VWTIE, 1RV NODERRBOREREDIREL NILIEEBRT, EEREOEERK
DOIRBLARILAEEICEVWEEZ, ZORREELT, 1RV MNODERNFHT 2EERLANLLZEZD
=W and/or EQEDEEE T L — MWL RS T A MERIMEET 27-DICERERD DIRENE S L

W, EWDERBANTENE LR,

F7, SMEIICHEL T, LEEDOFIINME & E5E TINERE OIRIEL NIV REMICER Y, FEMETINERE
RIE (BRRMEROIRIE) AXZVDICT L, HillE CTNERERIENSNSKBR->TWERIENHIYRETE
N3, ThiFEIEEXREBERRIC, LBEOEIMBIOEEDRBENAEZ L (X (ENakamura and Shiina (EPS,
2019)) T &Ik BEEZOLND, BREHAFLMETRE, AIlleEMOIY hT R ME, 4RV RS
OTHIEET, 1RV MPTIIHENTMICTBEETHDZ Z &b D, AZTRMEETUI—F4 XMETIV b
SZ MDA T, L — MNERMETIERBARE VWO FHIL, & - NNER (EEXR, 2019) IC&>THI
HARDERT—49 THEINEFHE—HTE, IRV IMPEORERNEVEWVWD ATHETBICEEADLS
¥, ORI/ BIMDOIY FSRAMIDWTHEARZFEARONDDIFT, Ihd XBHMICITEBRLI
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W, BRI/ EIMDIY b ZRA ML, MERYTEARKRIDEHBT 2IFEHEEICLEDT, ZOFXRZHAT
BICIE, ARV NODAIMERT, OILLB2EFRDEERMDD L NILHILBEDH4 S FRIEEARICE L
THEBIBVWEEZSZDONEENTH S, L, TDREAZBRICKODZDD, H2VIEEQEDRS
THEGET DI EICRkDZDOD (ZDIFAE, CEEROLELZRILAFEILBEEDOVNTNLTERE UHH
DEOLNDIEICERTIVLENDH D) IFHLVEET, FLVWVREDIBETHDZEEZIONS,

(a) PGA K-NET & KiK-net (surface) stations PGA K-NET & KiK-net (surface) stations PGA K-NET & KiK-net (surface) stations

a3® a3 > a3
Y £
KSRHD7 o KSRHO7 KSRHO7
4z 4 h 42
a1 a1 41
o cmis emis?
10 event P 100 100
A0° a0 40"
2011103109 event O
14,72 828 km intoplat
200511115
7.0 14 km outer-isa
W 0 ¥ 0 % ()
40 a0 40
0 a0 a0
¥ 20 20 | 20
km s [ 3 km
L 10 o 10 — - 10
1 . 8 H " s
00 200 H 0 100 200 H 100 200 8
140° 141 14; 143 14 14 146" 143° 144 145° 146 143 144 145 146°
KSRHO7 (surface) 0305261824 vel KSRHOT (surface) 1103091145 vel KSRHO7 (surface) 0511150639 vel

b) .

*“”“‘”WM ﬂi‘ﬂ.(”.i"""l“‘\'r Hltp R — S

‘ “ %Ml"l‘lﬂ‘w’““.w“ v
1.46 0.879 0.925 + 1

|
" event s il \l \ N " eventP | )g | = evem 0
€ om0 ——wwwdﬂmh JM“‘ “‘nf I\ "\ \"‘ ‘ r 0.000 -} ———WMMWMM#“W A‘JH"M\\ “ ”vJ € 0000 | Jﬂﬂw‘lr ) h .I\I‘H“ i

148 . -0.879 + ‘ 0925 -t
up up | up

e M AN I,j. s it
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. (a) 3MED PGA (Peak Ground Acceleration) D2/ %, (b) 3 HEDESERTMAIEDLE =
KSRHO7 (FIZERESEH) TOREER
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Room A | Regular session | S15. Strong ground motion and earthquake disaster

[ST5]AM-2

chairperson:Nobuyuki Morikawa(National Research Institute for Earth Science and Disaster Resilience),
chairperson:Kosuke Chimoto(Tokyo Institute of Technology)

Fri. Oct 30, 2020 10:30 AM - 11:15 AM ROOM A

[S15-15] Analysis of residual data between observed strong-motion and calculated
one from a ground motion prediction equation based on a prototype
strong-motion database
ONobuyuki Morikawa', Asako Iwaki', Takahiro Maeda’, Hiroyuki Fujiwara1 (1.National Research
Institute for Earth Science and Disaster Resilience)

10:30 AM - 10:45 AM

[S15-16] Effect of Source Fault Rupture Propagation on Residual of Spectral
Inversion Results
OKazuhiro Somei1'2, Kimiyuki AsanoS, Tomotaka lwata® (1.Graduate School of Science, Kyoto
University, 2.Geo-Research Institute, 3.Disaster Prevention Research Institute, Kyoto University)
10:45 AM - 11:00 AM

[S15-17] Residual Analysis of Block Inversion for Estimating the Inhomogeneous
Attenuation Structure of the Western Hokkaido
OYusuke Tomozawa', Kenichi Kato', Kiichiro Nojiri® (1.Kobori Research Complex, 2.Hokkaido
Electric Power Company)

11:00 AM - 11:15 AM
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Analysis of residual data between observed strong-motion and
calculated one from a ground motion prediction equation based on a
prototype strong-motion database

*Nobuyuki Morikawa', Asako Iwaki', Takahiro Maeda', Hiroyuki Fujiwara'

1. National Research Institute for Earth Science and Disaster Resilience

ZX) - b (2020; JpGU) TlE. HALBEBTHET I OEE, AR, RIIEFARE T IBREDHE—FT—¥4
R—2DEEABIEL T, 2018FE X TOK-NET, KiK-netiZ & 22EBAEFICDOVWT, [RFH L UF-netic &
ZERIER. PSRBT —49 EHENT—RRAF—>a V)-SHISE U RABEINTWAHMTHEEETILICEDKE
BIRIEREMD T LSRR EEEL -,

—A T, BT TICHEEF AR AREL TWSB (Morikawa and Fujiwara, 2013) A%, £81E & FAE & D
BE (HhDWEL) OT—9%529H352&id. BT 2L ICFARXZOEDOHURPHESFARERDOIE
S5OZXNGHROFEMBRETIVEICDORNS, T2 C. LOBEEF T —9IRX—IAFAFRICE 1T ZERE S
Morikawa and Fujiwara (2013) O FAHEICK ¢ BiRIELE GHABEICDOWTIEE) holkd RET—9] %
ER L7z TDEE, E— AV MY ZFa—RMEEINTOWAWBEICOVWTRIEFY I/ =Fa— %
Aw, HhERECEREHICHT 2 BAHBENDZETHOTEZOEENEL TTFREEZRDOTWS,

D KREF—F] ICDOVWT, MERBECERIEHME L OBRRERFS T EICLY., BEIANDENBIEE
DERICEZ2BUBDASETED DI ENTREE RS, ThickY ., BERXOBEREENEREZTIZFa—NK
SRMOMEPL250kmIEE & W BVWERAISICHR L CERATZ 2MEEZBINY 22 & T, FIAIE, &Rl
ICEDCEASRDBRRBRIAEN DTS (FH - b, 2008) #:FHET BIFAICEWT, NRE - ZHDOEBIE
BEAWRZEHIREERY, BEORALERAEFNSE, —AT, RET—9] TEHEBTFAGBRICE TS
E5DFICHLET 2, ZODRD., [HRET—9] ODHHBREZDEDICOWVWTOFMAREETS, 22T

i, BICKIRIBEICE T 2 0HERSE GHIEREDISAIXERSH) OZUMICER L TRTEED 3,
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Effect of Source Fault Rupture Propagation on Residual of Spectral
Inversion Results

*Kazuhiro Somei'?, Kimiyuki Asano®, Tomotaka Iwata®

1. Graduate School of Science, Kyoto University, 2. Geo-Research Institute, 3. Disaster Prevention Research Institute,
Kyoto University

F3 - b (2019) (3201 6FRERAMBERIIDBERIKICANRY MM vy RN—=Uay (fIziE, EH - AE,
1986) #EAL, EMEOERFECRIFARDOY 1 MEEE RO T, HWTFHEEET IV OBBRFIEDRIE %
fTo7%. TITRONALEZFHICEL, FRAKRDOEUIART MDDL, HBA RV b OEBEBEFFYE, UK
BARDY A MM ZRRBBEETHRLIZED (LT, BRARERARS ML) OFIC, BRAMKEFEEZS
LTWBARYIDHBIEZ2RH LT & GRIF -, 2020) 25, AFRTIE, OARKFEDEIRE
BOWIREMMEICL 2 EER, Bz EDL.

ITIRBIEHE, BRARNNL Y YDRWVW2016FERAMERID7IME (M,:3.4—5.3) ICDWT, &R
,.5\\%/}?7\’\7 MLEXRSD, ZOIXSDEDRFEERRNL. ARV MIHLTEIRERARY LD
JI—F—RAEFDOIESDZIFREVY, Thi WU EBEFRHAITIE, BASRERIARY MLOIELDEIZ
RTINS KB &P, ARY MLDfall-off rate NERBIRICK > TEAD I EDEHRTE . T I TIRERR
BERARY MLaE 0 "EBRARY MURICE > TEFTIEL, I—F—FKE & fall-off rate (n) %4
Jw RY—FICL>THE L. SREABHGEERIEMEARERARY MLD0.2—10Hz& L
7. d—F—RBEEZE, 0.1—10.0 HzD&EE %0.01 HzER TIEZE L, fall-off rateld, 0.5—4.0 DEHE%

O. 1R CIRRELL. BEFBEID 7Sy MLV, FnetDMTROMEE—X Y MIL->TEELE. Z0D
ER, BHOMETHARERANRY MLDI—F+—FFEE L fall-off rateIC R A ER A MEKEEL A 5N
7=. BIZAIE, 2016F48 198178520 DHhE (M,5.3) &, HAlLREICHESINSL D —F—FERKE & fall-off
rate "ERD SHEEARIOSRARTE HICKEL, HILRAORART/ IS WMEREZRLE. —AT, Z0Oih
EDIE TRELKL2016FE4B 1902085470 DtE (M 4.9) DEAIRERIRY MUICIE, ESROARIEK
EHEERLONAGWV., #-T, ZOAMKERR, BEBEOEBMAHEE L W TEEOHETIEEVNEE
Zbhd. £IT, M, 53DMEICRO5NZAMKFMEIE, MERREAMOHEICLZED, EWIHFXR
MAELT, BARBEOI—T—RBEREROESDE %, RERODI=5 T ZILIIES {RE L /=directivity
function (Ben-Menahem, 1961) IC& > TERBAY 5 Z & & A 7=, directivity function DIFIERE & SIRERE
DEIE0.82ICIRE L, WIEDKEAEEILNS0HS359FEDEHET, SHEAREETHS LAZICONS
180 NEH T, ThZNI1ERBRTIERL, Boatwright (2007) DERZEBHARNERZHAES Y v R
H—FTHELL. 728, Boatwright (2007) IFEVAIZRKINEE (RE) #HAVWTHIEAREZHELED, Z
ITCTREARBOHEI—F—ARNEFERALL. TORR, L LM, 5.30MEBEDKE - $hEA M OHE
&, ThEThigERFEER (BR) NSN19LE, ETH L EMZFICI24EDAREHEES N,

BHRARERARY MLOAMKEEIEBRIBIEAEOREBICLD2ED, EWHEERGEZRIIT 5720, &
R —VBEEEAERAWAESH I aL—Y 3> (0.2—10Hz2) IC& - T, BAMES 4B T 2EEH
AR ERBCRERAAEHE L. TORR, RELEZKSKRFCMTHEOMBER ECER N S/mEA (N214°
E) RUKREBICAD > THREBERBABIE Lz &b 272, BAREBEOI—F—RARHEDIESD2ENS
WELABREEARIE, BRERREEVWIEVHSHZEOD, MEEHBL—RTS. £>T, TITHSN
EHARZERARY MLOAMEKEEITEREMBORIELCEICLIZ2EDEEZIONS. —A, BHASAN
Ly OHNEKRBWRRAT—9 Y MIEBZARIMLAUNR=UavItE>TELNZEREME LI
dA—F—RREUE, WIBCBEDISENHFNMNTOEDTHIHAENELHZ. RIINODOHEIC D WTHIHE
FEMEETV, BHLBBEFEREHETEZIHNEIDNP, BRI HMRICOADHETEIEICEIBEAR
DHEBEICOVWTIHARS,
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B - EIIRBI R E ARG KRBT ZEAT K-NET, KiK-net, F-netAi#iaEst, SRTHANEEST, A
BEEEBRRY NT—V AT LDBERFAFA L. AARIIREBAEN KFRALERHFE (SH2EE
BEFHH RN 2020H-01) ICE>TEEINTWS.
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Residual Analysis of Block Inversion for Estimating the Inhomogeneous
Attenuation Structure of the Western Hokkaido

*Yusuke Tomozawa', Kenichi Kato', Kiichiro Nojiri2

1. Kobori Research Complex, 2. Hokkaido Electric Power Company

1. EL®IC

AiER (RZFED, 2019) Tl 2018FiLBERIRRTMEZ S LB EFEE CTHRE L LABEERREERZINE
L. EREMYE. CERBEE (FHUEQE#EE) . Y1 MEBKMZ 7 0Ov 74 U N\—U 3 VEITICK UHEE
L, ZOB, [RRFERT—YICE DR ZToTVWED, BERFEERWEZERS /=Y 3 VERE
R Tdh BAsano and Iwata (2019). Kubo et al. (2019). Kobayashi et al. (2019) #8589 % &. 20185F4tiE
EREIRRSMEOAREDORIARYBEFFII[IRTOERLY BEXWVALBICHEESINTWS, AT

I&. Kobayashi et al. (2019) DEFIVICE DK FMEREMEZBVTEEIOY 74 N\ 3 VEIRAT
W, AEDERBUEDOHEICSZP2HEEZRET Lz, £/, CERREEEAHELRET 256, FHHEE
RET DHED2EY DENEROZEEZDHM L. FHEMHEZERTIFRERET L, Ad. BREICAWE
Tty hETOYIAUN=T 3 VEBTFEIE Bk (KEEFD, 2019) LEKDRSH, ARETIEE
295,

2. EERHERIRFEREICSASRE

201 8F LB ERIRRESMEDAEDOEMIEIEA LR L FEARET L7, HZIEKIK-netiB% (IBUHO1) TD
PR A LT B &, EIRIEBEIL45 km, Kobayashi et al. (2019) OB ETFIVICE D K HMERIESH X35
km&id, 72720, IBEESO kmLUETIE, EBE5DEMIBETEEMODE L B>/, PEEEALHALTT
Ay 74 YN—yaV@ifiaiToER. 2018FILEERIRRSHECAESORAL NI, AR (K2
IZH, 2019) D#8EIMD1.38x10"° Nm/s?& 1> 7=,

3. BREDOLH

GCERRFEEZHEELRET 256E. THELRET IHED2EY ORBITEROKE=42 9 L7z, 2018%F
EERIRREBBMEOAEDHKE (B F8) OBREREZERLZEISZ, FHEEZERLELANREICE
BRI TREDREREINHD Lz, MBI & ICFHE L 727%ZE X, 2004F BEEXTAERDHE T RARIC

B LED, ETOHETIHRBD LAN >, THEREEELERMAE S OBENMNAMERRICEY., BRE
BEDODTHEMEZRE LRI RNIMEERNDVMESH D EEZ SN D,

RIS, BREDZEEDFHEDRY OBEBICDOWTHRET Lz, BREOEEAHAEMICTYT, KREDZEEBREGMT%

Mg A7zoic. v/ OZMMERE (Bl A I1E. Wang and Takada (2005). %FH (2011)) OEZX A%=HW, BE
EMFRE BERRIC, HEERER (km) % 28R B DEERE A (km) & B W T R(h)=exp(-h/n OIFHEHTETILEL
Too 708, HEEEREBEr (km) (SEBEREN T /e 22 TH S, 2B DR & BREGRHOBRRZIBHEKHTE
TIME LR ER2ICRT, EERBRHEORYEEZER L AL EEEHMER L. BEOEEIHD

RUDPREZEL TWB I EETEEMNICHESRL .

SE 0l
RIEWRN, B —, BRE—B: 70y 74 v NR\—Y a3 VERICE D CILEERBORHERTELE - ERY

M- B MBREFEOHE, BAMEFRMEKRS, S15-07, 2019.9.
Asano, K. and T. lwata: Source rupture process of the 2018 Hokkaido Eastern lburi earthquake deduced
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from strong-motion data considering seismic wave propagation in three-dimensional velocity structure,
Earth, Planets and Space, Vol.71, 101, doi: 10.1186/s40623-019-1080-0, 2019.

Kubo, H., A. Iwaki, W. Suzuki, S. Aoi, and H. Sekiguchi: Estimation of the source process and forward
simulation of longperiod ground motion of the 2018 Hokkaido Eastern lburi, Japan, earthquake, Earth,
Planets and Space, Vol.71, 98, doi: 10.1186/s40623-019-1079-6, 2019.

Kobayashi, H., K. Koketsu and H. Miyake: Rupture process of the 2018 Hokkaido Eastern Iburi earthquake
derived from strong motion and geodetic data, Earth, Planets and Space, Vol.71, 63, doi:
10.1186/s40623-019-1041-7, 2019.

Wang, M., and T. Takada: Macrospatial Correlation Model of Seismic Ground Motions, Earthquake
Spectra, Vol. 21, No. 4, pp. 1137-1156, 2005.

RAES: HEERI O/ OZBEMEREZAVWIEE FAICE T 2HEMR, BEMORLMS L CEFHEN,
Vol. 7, JCOSSAR 201 1i# X4, 2011.

Bl EHE B EHE —O— THELEEHEZRE
01 02 05 1 2 5 10 01 02 05 1 2 5 10 O— HHTHEMEETRE
T 1.0 T T
10 Hz FAREEERE = 15.2 km |
THREEERE = 29.7 km
08T 10'Hz ]
44° - : ]
43° -
42° 7
¢ #ENo.24 ||¢ it F2No.24
S 2()318.09.06: 03;07 IMJEISJ 1™ 29‘1.8.0?.%? 03.'07 IMJG?.? .
140° 141° 142° 143° 144° 140° 141° 142° 143° 144° o 20 40 60 80
A MELRRBEZRELEEE b)) THELRRBEZHRELLEE 2R DEERE (km)
1 BREDOZERSH 2 THBSEERE & AERARE
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Room A | Regular session | S16. Subsurface structure and its effect on ground motion

[ST6]AM-2

chairperson:Nobuyuki Morikawa(National Research Institute for Earth Science and Disaster Resilience),
chairperson:Kosuke Chimoto(Tokyo Institute of Technology)

Fri. Oct 30, 2020 11:15 AM - 12:00 PM ROOM A

[S16-01] Detection of Underground Velocity Discontinuity in Osaka and Kyoto
Basins using S-wave Autocorrelation Functions
OShuta Fukutome1, Kimiyuki Asano1, Tomotaka lwata' (1.Disaster Prevention Research
Institute, Kyoto University, Japan)
11:15AM-11:30 AM

[S16-02] Imaging the Kanto Basin bedrock with seismic noise and earthquake
autocorrelation functions
OLoic Viens', Chengxin Jiang? Marine A. Denolle® (1.Disaster Prevention Research Institute,
Kyoto University, Uji, Japan, 2.Research School of Earth Sciences, The Australian National
University, Canberra, ACT, Australia, 3.Department of Earth and Planetary Sciences, Harvard
University, Cambridge, MA, USA)
11:30 AM - 11:45 AM

[S16-03] Spatial velocity variation detection using cross correlation of dense linear
array microtremor records
OKosuke Chimoto', Hiroaki Yamanaka' (1.Tokyo Institute of Technology)
11:45 AM - 12:00 PM
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Detection of Underground Velocity Discontinuity in Osaka and Kyoto
Basins using S-wave Autocorrelation Functions

*Shuta Fukutome', Kimiyuki Asano', Tomotaka Iwata'

1. Disaster Prevention Research Institute, Kyoto University, Japan
1. IXL®HIC

KIREEF & REPR M IS T ICKIREREE RISh 2 HBFEBICEDN-ETHY, ZOZRTEEBEIIHFEL LY
BIEBEICE > TETIMESNTWBBIAIK. 8 - fi, 2003; =ARKT, 2006; Iwata et al., 2008; Sekiguchi et
al.,, 2016). 2018FEKRRFILEOMETIIERE LOHBES NS THEHFAR L VBWENIHAE

h, HERAMEEICL2EEEENRONDEEBIC, BRETIEHTESETIVICED C ERGIEE
MOMRAB I RbhTWE (HlZIE, Sekiguchietal, 2020) . HTEEETILIIERBOBEREANEL T
ERRENTWB RS, ETIERICEDhTWAYL, BERZRLEONOT—92FALTETIVOZLHHED
BREDBETHS.

Pham and Tkalcic (2017) Tl Eihith ERFPKEHEDO B SHEAREBICK > TEFRE P KK —EFHER L EDih
TORERNEGE CELCAEZERNEDKREERELTEY, FLZOFEEFEBBREDLYKXVEEICE
ISEARETH B EMRTVWS. BENMDEVHIZVIETERA COEREIY MS R M+ KRE W ETES
HEUETIE, FIEHNBEICERE T AT, BEEREREEOBEES ROEINSAEREDFES &
WET DI EHIABETHS. Fukutome et al. (2020)Tl, BERFECHRSKER D D EH SAHBEREH ARV TK
IR - R TORMERE S MREEOZERIMEEREEHAAT. RARTIEA R MIEEPT & AR
IZ, TFEBECEROEVICKL 2ECHBRBRHOIRIBVWEELNMNITZIEEBMNE LT, BEOETIVE
RAW=EBmiERIC & 2 B 2EEBEEET % 1T 7.

2. REAM RO KIRTE TOECHEBEENT

AR TIEIRBRUO KRR TOREBE R RDEERFEEZD SSIKOEENHBICEA TVWE ANy MNofk% E
THL, PIYRNR=ZAEBICARI MLRDA M=V T T4 9% EA L%, BCHEBEREZGELR
gy YLk, TITIRRY Y ZICETES 2RV THRIFMHED TN TEHA % DIF 5Phase Weighted Stack
(PWS) (Schimmel and Paulssen, 1997)% B\ 7.

FEDWRIAD -, BMERF TOPSHREN LRI N TWVWBKiK-netD4E A =

(KYTHO7, KYTHOS8, OSKHO02, OSKHO5)DithxR ThMELHFDE CHEEM@TET o7, TOER2MS
(KYTHO7, OSKHOS)TIERARY MILETA RV T E T4 IWIDIRS A —9 A BENICASTBI & T, £%
TOREREMESINZIBREERBETEIEDNTE, TNOOERIBEOETINSFEINDIEDEES
MARHo7-. LML, ZOMO2METIEIBEEDETILAOSHEINEIRE L IXERZEREA >/, ZOHE
HAEZRTHEHICHTEECPEROBFHICE > CTHCHEBRSN EDL I RFELZITIIHNEERTINE
hhdEEZT-.

3. HEIKFIC & % B B KN
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WTFEBECEROFENECHEERERICKIFIZEEZERL, BCEEBRBIOFELZLUREET S LHIC

HRMEAWREIZT o 7. BRAROPSKREBRZFMBL T —RAnEERBSET V25X, BALLBE
DEF/RS X — 4 %52 THBILERE(Bouchon, 1981)IC& > THAIRTOMEMER ZHEL, 2. LRK

DFECHOHEBEESRRETZT o1

ARETIEIETIICL Z2ECHEBERORERISEEDT —Y TORMOBERAERTZIEICMAT, ER
DRIPEREHAREDNNTA—9 - BCHBEM AR T ZIETENETNIFERICKRITTHELER

L, RBEOT—Y TORNEITILTOT—9BEDEELAER L. £LRTA RNV IR TAILIDIRS
A= ETHIEBIETHRRELEL, TNEFNONRSA—YDEBNLREAZEHMITEZIEEENE
LCEfETo7. HIAIE, OSKHO2TKiK-netDPSHRERFKICE DK BMAEEBEET IV ZRE L TER
ERESELEEFROLERTIE, EBOSOERRITEERICHIST 2E5IMRENIMEEL 2D TRVWHE
PRSI/, BREFOEITHMEWG AL, #Hhio - (WF, 2018)ICtbR, T A TIXEBTICED 1 RV MDA
RoENBEH, ARV NMBRMFICEEEEZIOND. 5%, MR TOLEY, KYHERLEERBEET
IWERWERE, BREASA—9PRAFEIECHEERICRIFIREDERELTV, T ERE/S
n2 BCHEHBEEBOBRICOVTEEREAT->T, REFEERET OO LYMRHNBRBITNTASLIICF
EDEEEIT.

HEE : B RFEREAG KB ERMARAKIK-netDBE R EEHFEFEALE LA, BLTRHWZLET.
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Imaging the Kanto Basin bedrock with seismic noise and earthquake
autocorrelation functions

*Loic Viens', Chengxin Jiang? Marine A. Denolle’

1. Disaster Prevention Research Institute, Kyoto University, Uji, Japan, 2. Research School of Earth Sciences, The
Australian National University, Canberra, ACT, Australia, 3. Department of Earth and Planetary Sciences, Harvard
University, Cambridge, MA, USA

Sedimentary basins can strongly amplify seismic waves from earthquakes. To better predict strong ground
motions, a good understanding of both the sediment thickness and the internal basin structure is
required. In this study, we map the deep and complex bedrock shape of the Kanto Basin, Japan, using
ambient seismic noise and earthquake autocorrelation functions (ACFs). Noise ACFs are computed using
one month of continuous data recorded by the vertical component of 287 MeSO-net stations located in
the greater Tokyo area. Earthquake ACFs are obtained from the vertical records at MeSO-net stations of
50 Mw 6+ teleseismic earthquakes, which occurred between May 2017 and April 2020. Noise and
earthquake ACFs both contain P-wave reflections from the sediment-to-bedrock interface that yield a
consistent bedrock depth. The bedrock depths obtained with both methods also agree well with that from
existing 3-D velocity models. Noise and earthquake ACFs open new opportunities to refine images of
complex sedimentary structures and better mitigate the associated seismic risk.
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Spatial velocity variation detection using cross correlation of dense
linear array microtremor records

*Kosuke Chimoto', Hiroaki Yamanaka'

1. Tokyo Institute of Technology

WEE AW YA NEEPHTEEDHTEIEH ASThbNTEL, WET7 LA ESHEERBSEETILOHE
ICAWSLNTEY (Okada, 2003) . H/VIZth#EEOSEAOHE (B - A+E, 1971) . 2ROV
Y=<y FICEY EHAROEEELAHET DI LICAVLNTWS (BFRIEN, 1997) . EETIEMEID
EFEAICK DTS VI > TEERBEDORBELORBICAVWSNIZLHTLS (Wegleretal.,
2009) ., E=4 )V JICBWVWTIE, MEIOHEBEBREOOL T M RELE EENICTIR A B 720 ICStretchingsk
(Sens-Schonfelder and Wegler, 2006) i"% < HBWHNTWS, E=Z4 U VT IXFEBMNOBEARLRT—49 % Fl
BLTZOZEEEBHELTWSA, L LEFAARICEAKICZDT—9AEoANE, ACFEICL>TE
EREOHMAERELLERISNDZDTIERVWAHEEZ T,

ZIT, ZREMICZ DT — 9.5 B2-OICERBOEV Y —ICL2WME T L AR ETCEREICE
L7z, TEERBHICEWVWT, 100mDEAFRICSED > H—IJEP6A3-10% 12.5mEfETERIE L 15-209 D
BEBIE AT > 7. mItABICKRAKMDARRICEWT, 390 =77 L AIC&U312EDHBEINE SN
oo BNTARRISA D TANSVRANR=—RABEST A TZIABDKE2HD E ETRAEEHR Lz, s, 8l
BREmENS3.TkmD ) Z7HET7 LA ICEWTIE 1 FFEDRIEZ1TR>TH Y. T DEBIS= % StretchingiZD
=D T77 LV RAET B,

SonMEEkE. 9. SV —ICE VTSNS SHMBOBTICEYH/VEHELTZEOI Y

Y=<y TN TZI T, AR LEOIBEIOER[EEZHE L7, H/VICIZHE L TREKREO0.2HzIC
E—on@Hon, FHRBBICLZ2E5DEEZIONDD, TOEFELCRIFEAERON AN >, —F

T, AREI-10HZICHE E— IR 6N D, ZOEBMELEFZELW,

Stretching/&IC & 2 REZ(LOWMHIE. WEIOBSHEECHEEER. 2ABEEEICH L TiIThhd, 22
T, 125mERTHRELELY Z7HET LA OBYESBISAELOREREEHAHE L, L THADE
BAERBRHI-4HzTT7 1 V9B % L7z, BENREOMMMETIRIENKREZ K R>TWVWBE A, ThiZHMEIDHEEM
EREHICEKAONDZIRERTHY ., MODRBICKYERYKRSZELETZZD, ZOLIICHBLTEATY
LZENLEEECORBICEHELAWEEZ, ZITIRERT S, FESINEVDIR2DOBOE—ITH
Y, ARFRTIZTHICIRN, BRI TIXOSMEEEE WL, V77 L Y AR TIEI SISE, AIREERIE
ZTHAELL, TNIRH/NVICERSNTWBRZ DD, FEBEDTLEZLWI ENTREINS,

Stretchingi&IC& W) 77 L Y RBRIKUICE 1T BB L TERARORERLEZAE L TRES W EH

HREZE, AR T25% 2B X, ARRPRTIES0%ICELE, )77 L v ABEHE OHEBGREIL, ARRH
ROSIICHNTTELS. REHSNAEZEEOREIMEREINLTVWE I DD D,
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Seismic amplification evaluation in shallow subsurface structure for
response evaluation of long period buildings constructed in the Tokyo
metropolitan area

*Masayuki Nagano', Kenta Suzuki', Tomohiro Oguchi', Shigeki Senna®

1. Tokyo University of Science, 2. National Research Institute for Earth Science and Disaster Resilience

201 1R AXRFEF hE (LT, 3.11EXE) OFRICIE, RN S5350kmLl LN /- HE B TEELSRIE
ORBIHREEMREESIEA SN, I, RETAFEHTIXER1.L 3500 PRAEABRS N EHT 51t
EEHIEHIh, BEBEAEEOHMERECENREICHEL S X [KE, 2012], REZAEHEZOD
LARITEONAEAREIROLLETIE, MEBHOCPRABKINVELR >TW, 2O ENL, BHE.S
“3.5F R DHBRIBIE X, FICSEEEL00mM/sLA LD THEMER L ) REBORBHBOIEGHESNE SORE
ICEWRELEDDEHBRING, ZRRBHBICL 2METENEEICRET M5, KMERFOMEETMS
FUBYMOMERFOIRICEEETHY, EERFTIIRRMSTOPSREFZERICED T HBIBBERMES LU
AEFHITMINTVS, BEEICITIS0FEU LOBEBESEEHIERIN TV, BT —INEIL
HEgETHY, KMERICSITZINEE2EBEMNICTEMIT B EHE#LV, —F, BETIIERLETOMEE
B % B UREEE A MBETILAEBEINDDOH Y([Sennaetal, 2019], ThEFAET B EICLY, £E
O A THRMBE COMERNISIRE M T 2 2 &L ATREE A& D,

AR TIIRIRME TRBEI NSRS ERESMBETILAANAL, BHBICEODRAPEYOIGELMICE
T HRBREMBOMTENAETMEER L 72, XERDBRSHBETIVIZ2020F1BRROT—9 52 FAT
%, INSIFH250mERDADDIHIEA v 2 TE TSREESIHEINTWS(E), TOETILEBS
BEAEBORRMUBEMEAEGHLES I LT, REMBICL 2hEHRIELSH, MEROBEEBESES
DEYLEEFANT I ENTEEE RS, TENEBRTOMESIAVRER S, KRR TIEINTARERFICEHEE
BCEBINAHMEFOIRIBL NILES X =T L, ERELRIL2D1/22AVWS, BEL-BSEBEEEED
F—IR—2AHDSEBMUBDORIREMBETILAZBY, EEMERE T2NEBRHI S AN LAREREHE
DB =R RIEBEICERITICLVER T 2, ASMBICH2TELS2BHICHEL, WELICHLE

L, TNZNICERREEZRE L CRRIERBIT 21T O, IEREETIVICIEHDE T L[HILE, 2003]%
FATZ, tEKE L CABMEEE OEREE200FAEL, 2ERICLZ2BBOFEEEEH Lz, HhRAL
B CIMAE L 7 thBENC D W T, 205 TEH L B2~ 4RDRK,S, (h=5%) 2 R2ICRY ., BONEROIE
Bk, BBHIT) 7 TOPPBNEIKRTH S, JNTAERORAULRFZEENREST S, BaBEAEE
DB[#57K - fi, 2020)ICE D ZEMMH L VABESZERRMIFEAMET VL EBEL L, XBREBHED
GL-6mIB T L2 hER%E, BMETILAOAAMEEE LTHEL, BEYMOEREEBEITET
Bot, BEVMORABEBZERADRKENSEMISE %Ml L /2R E2B3ICTRT,

BDVERICCGMTZ2FIA S TIRE £ L 7,
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Characteristics of teleseismic S-wave response of the Kanto
sedimentary basin: Analysis of teleseismic earthquakes with different
size and azimuth

*Yue Nakagawa1, Kazuo Yoshimoto', Shunsuke Takemura®

1. Graduate School of Nanobioscience and Department of Materials System Science ,Yokohama City University, 2.
Earthquake Research Institute, The University of Tokyo

lZC®IC

KIEBELHBERM T, HMEOREICH > TAHHM U LOPPRASBMEE (T, REAMES) 1EE
TEHZENMONTWS., ThETCHEEEBRMICOVWTIE, ZORBETRE LEXRMELBIANRELT
REAPHEFOREA DX LICEAT BHELS1TTHNTE[FIZIL, Koketsu and Kikuchi (2000)]. —FA
T, BEEICIEMeSO-netH AT ICEER SN, ZOEHKLHZEHLFIARIETHY, RBMEOEMKEZHWEAE
RUEBRMOSKEEB BT T ENTAREEZEZIONS. BROBHFE L TT7 AN TERELEZMW7.9D
WMEREDSEELVZDERDOERGHADRETEEE LSS, MEEBTEEICHE L THEEBIKELA
ZEHABBIN[F)I - th(JpGU-AGU 2020)], HBERMMEEDETICERTHZ I ENHFEINS. FAHR
T, BiESAW/-ARHEREZMOBERT BB L, MWERBEEAAABDOEMLR S HE%BINTHEIT

L, HERBOSKIGEDREE FHUELERAL.

T—4 R FE

MeSO-net$ & U'F-net Cidfg S N7z, EARMBER A SERIEHM30° ~80° THRLE L = EDRE 2 FEHf L
o, RATHICBT LTS AAM, XTTP7Z1—F=7, AZVTRELLZMEBEICMZ, 73RH, /N7

4, Za—V—JVRTCRELALMEZBMTHEFTLE., ThAETNROE—XY MY I =ZFa—KNiE

7.1, 6.9, 7.3TH5. L, Za—Y—F YV RTRELALHMEDRBICOVWTITHMEREKEIEI+9THD &
HFEINLD, BHETD/ A ALRILNEN 22720, BRI SBRATEZ I &I L. BRKRFREHRIC
MA, FEEARS I AL —Ya VICKZEERBEEMITICER L. 28 1 R TEETE 7/ [Koketsu et
al. (2012)] #{RE L, MEREEDFLMICIEZOpenSWPC [Maeda et al. (2017)] =B W7, @O ESFE T
5~20% & L7z, Il - fliJpGU-AGU 2020) & Bk ICEE R DixiE% 2 & L CREREZ L, SIKREZHRED

IXRIF—%TAELA. HERIRILF—ICDOWVWT, HEBERMADF-netBAIROIHEICK T 2HERZTLAD
MeSO-netEBI S DEDEER (LT, #igXR) a3k, HESHEICH T BIEEBROZEELOFHICDOWVT
AT
fRATIER

TIANENTATRELEZHMEICOWT, HMEEBDKERD TIE, SEEZORMENMHEBRAMAICEWNT
5~20BRERBBEBIND I EIHRTE L. COBMBERIZETTHRALEREBEORERMELEETZED
THY, HWEOHRBELAMAICKSY, AREBRMMNTIHERMMEDSKE & ZDEFEBDICHWT, HIE
BHHEEARTRELRMEFNRIA TSI ENESNCAR L. T, MEEBEEN3I km&L UFEWSRICS
WTERFIEDIRENKREZ K R2ERAN’RONZ I & 52HER L.

FHEHREAH I 2L —2a Uh ol L AIBIEREER SN /ZBIREREZ MR L& T 5, KERDDSEDE
PR DBRENEBRMAN TRELL RZERALBRBRTEL., ETYIal—2avicdy, AHLEE
it EDOSKICERMERMAMER L TR BEI N, ZTOREI’IRAZMNICNS Yy TINZBERTH S
ZEEERLE. ThRAbLE, RMMEORKREFIAT 2 2L CHERMOSKEINE 2 LENICFHHCE %
BEMEAHY, LUFMATMAEEDZVENHS.
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B R IR AR DF-netd & UMeSO-netDthERF L EFERH L E L. HEHBH VI 2L —Ya VICKEER
RAZEREB V¥ —DE L @EPRIMERGY CX600M1/CX1640M1(Oakforest-PACS)&EFIAA L £ L7=. A
7213, ERIJURP <2020-S-04>DXiEa S I3 TEBL X L.
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Estimation of subsurface structure based on microtremor observations
at Mukawa, Oiwake and Hayakita districts of Yufutsu, Hokkaido

*Shinichi Matsushima'

1. Disaster Prevention Research Institute, Kyoto University

TR30F (2018%F) JLiEERIRREMEDRICEN R EDWEDN S K ALNIILBESBHERBOT M DE, E
BEHESD. BEEARERICEVWT, BYRE & BB E OBRRZRANSHIC, BRHEBSENZEREL
oo WEERIZ, 2018F11H22H~248ICNT T, ZNZTNOMKICE W TERIBEERR VT L 1 HEIER
BZEiTo7 ZNTNOMKICE T2 EIBBEFRARICEITEKELTIARY MLEEOE— 7 IREIE S % K
e, E-VRBBHIERY L ABERNTREKELT 2HBXEBRAL &L BMRAH o7, KIS
B ZENENFH KB ERMARATOBRBE M (K-NET) (B KB 2R, 2019a) OBARDH 27
. TOELICBVWTERBBHRARTT L A HERUZIT o7, KNETTDR—Y ¥V JHREICEL 2 H8EES
DB E)-SHIS (B KR RAMTIIERT, 2019b) DREBEN S, REH ORI ICHIT TOXEMBEEE
TIVEER L. BRAKFELETARS MU & EBRAAREDBERISRABRICED £ O ICSKEE (V) &
BEZRELE, INODOREBELEATTINE LT, ThEINOMX TOE [MEIERANICE D < BRAIKFE
ETARY MLEEDE— VIREEDGRAEES LD I, ERWPEBRAROEEZRE L, AHROERAER
HHoIE, ZEBBBEORKEDHDBEEICEANSINLLD, BEDRAEIIV,=600m/sDELY &EXVEZX
REL, BRMEBRARKTRESNAMBEEBEN SR LEZEBOTmROIAVSY—< vy TLY, HKIC
LoTE, BEMRRSDPBEZTIEIEFEL, TRICHWRESSHREEM TH /LI ENTRIND, S1&
. IS DBEEEAWT, MBIBREFEOBERUFRI0FE (20184F) JbiEERERRERME DER D
B BICOVWTEHEMICKRET 21T,

B AR TEHARAZAZRIEMRNERZER A SH2EIAIET LEHEE (Ye Ting) KOBLHRX
DHBD—ETH D, MBERD—ERIL, JISPSRIFE18K19952D IR IC L W EREL 7=, £/, WEVER
&, EEERERERTEMTIRORISHESEIZ (LB, FRAEHR) & SIBF AR, TEKZ K RX
TR AR, EARERTARR (46 REPZRAEHIR) . RIGHIAREEH. kAEBKS LUR
EMREOEE CEEUZARK, MTEAK) (%) OBH%E2B7E, BLTRHOEERXRT,
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Velocity Structure Model of the Hakodate Plain, Hokkaido

*Kimiyuki Asano', Tomotaka Iwata', Kunikazu Yoshida?, Naoto Inoue?, Kazuhiro Somei?, Ken
Miyakoshi?, Michihiro Ohori?

1. Disaster Prevention Research Institute, Kyoto University, 2. Geo-Research Institute, 3. Research Institute of Nuclear
Engineering, University of Fukui

HEETFHIEEAlZ2RBICE L, RAE% LU EBHEBICEEFNAELHFTHY, FTHEOEKT

i, HEETHZ2HELHRZMETIERE - RESEhe OMPIRREZ2LTWS [KXH -, 1994] . &
FETHFOERIHPEROLEEEHTHY, LATRADERRF—) VI TR, THELSHHFHE TOHBED
TISRET,325 mTCLEEBREOAKEISEL TWS [HuEE B HFAT, 2004] . HETFICSH T2 HMER
EE LT, BESZREHKLEIIGSEFFHAMEBICLKZ2EDMHMONTVWS. £, HEFLHAEREMETORE
EHEIEM7.0~7.5TH Y, =FEHEFEHI,H14,000FF1L41%, 2020F1 8 1 HEFEADMMERZBERS
0.02~1.1, SHEIVCELURDORERENITIFO~1% LTSN, REFHETIFAZ Y 7EIhTWa [HER
EMRHEEATHEREZER, 2020] . INXTHETLHTIE, BH - RANABEEOEERE, EWER
T, BERFHARENTONAZEOD, HEBOIEBRICKE KEb2ENBESICEAT 25MAREIFE
AETHNTWEN -T2, AR T, HETLHFICEST2MEESFIAOEE LS HBERICEATI2MEDILT
ICET 5720, FICKERDOWENT LM IFEEZTWVWEBISFRE COMBEEZAET L. MBI T7L AR
EOHERICMA, BEORIEHMEFEOHERENY AN, HETHFOFMMBEETTIVEFZICERL
7=.

WENT LA AL, HEEf2a (HAK, MHR) , db3tm2tthss (KMI, OON) , GARET1#hsa (NNE) ODFt
S5, 2017FE9H25~28AMAHICEREL7Z. AT, RNFERI0~12 mh SHEAHE630~1,380
MEX CDS~6IEADERDIFROE=ZAFT7LAMICL 38 %=1To7. #ESHILE-3D/5s (K¥R) &
SMAR-6A3P (/N¥#R) ZH\W, &%ICLS-8800TUNER L7=. L TEIFEEERKICSPACEAZEAL, $0.3~10 HzD
g (MAERENE TENSVNNETIES HzEX T) THREREZHEE L. (HEREDEEIR % RayleighiE &
AE—RTETIMET B EICLY, BEMRO—RTSEEEESEZHE L. RBHBETIILOBEEEDON
TA—=HIEI-SHISV2OHEDICHIZ, BEEDHERFE LKL, FREMBICOVWTIEI~2B%2REL, SEEELE
EOmAERRLE. &£, FHAMDOONPKMITIE, 0.5~1 HzOMIEEE 55T 570, V, #0.8
km/sOB%EEMT Z2RENBH o7, HEI NV, 3.1 km/sEERE R, EBEICEVHAKPKMITH2.9~3.3
km&3R<, PPRREDOONPNNETIE#T.6~2.0 km, MHRTH#O0.7 kmTHo>7. £AFHICV, > 1 km/sD
BARBEBICLHDZEEAKREL. V,0.6~0.8 km/sOBRIEEHRIETES, BHETEL. IhidhE~TF
MEFROBNIEBOEBEZRLERIGL, HETLHEREETD/EE TEHEAERILEL TWELHTHS.

RIS, WMENT LA IFERVCEBEORIGEMERE [(GHAR, 1981; {k#k - fh, 2019] OFEHRA,ASI Y b
O—JIRAYMEREL, R754 VEBICK 2ZBHEMBICE Y EREFLTHFO=RITEHNBLBEET L EERL

1=, BT & SREEEE DX T I1E, £ - b (2019)IC & 2 E ¥ BRI R 5T E b EIREAHE D i
BEEERREMB T LAICKZSEEEETIVABBELRTZZEICEY, R LE. BoN=RTERH
BEFIVE, BET7LAPRIGEMEFEOHER LA, HETHEGHEICED > TAETHY ICHBEBED
FLBRDBETIVER . BBEDISHISV2ETILDD B, WEFLHFOMY 2 AR TERLZETI TEEH
ABZETEBYERIOLEOMBEEET I AERBL, EHRERVDREHEDOHESHD
Tal—yavEFTok., ThENYIaL—YavERABHT -9y BT 22 & T, BEFEDI-SHISV2IC
LERT, EFILDREIN L EHERTE .

HEE  AMRECEMRFEET BRBME - RRAE IO M) (RREE : RRAEMEMRA) O
—IRTERLELL. HEBT7LARATIE, ARSI T 7T 2 AR & — M EIEA bt R IRRHR
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FROBEHRDIHANZR/E L. RRAZMEMRAEELSEHRICICESF EHMARRTENEREDCE
B CRMIREE LA, BLTRHVWELET.
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Fig.1: Phase velocity dispersion curves and S-wave velocity models
in the Hakodate Plain. Map of the microtremor array survey sites is
shown in the top left panel. The purple lines indicate the seismic
reflection survely lines by Sato et al. (2019).

© BxEZS -$16-07 -



S16-08 AAMESA22020EEHEAS

Direct estimation of Vs30 from SPAC or CCA coefficients

*Takumi Hayashida', Toshiaki Yokoi'

1. lISEE, Building Research Institute

RN SFEI30mMDEHLSHEERE (Vs30) (&, HEROMBEEIEE OTMPEER & SWEE N H B &N
montTsy, HEROENY T IDOBELEEZEE L THESFRS LUON\Y— RN, BEARICSITIWE
RETFICBVWTRAMICEVWLONTWS., [MRMEADVs30%EHET 2FEE LTI, BREBZHEILDEEH
E, Mo E (MM - b, 2005) LRIEER (Wald and Allen, 2007; Iwahashi et al., 2010) H» 5 DHEE
BREDLIRICHZDFENMRESINTWVS., BEMEIEERD SVs30%HET 2156, 7L A REICL > THE
MICEONESEEEBEICEDODVWTERT2FIEN’ RN THDH, BFOBRICEVWTEHINS
RayleighE DA HEREMN OSIHEREBE =N T I & A< Vs30%= Kk B FiE (Bl Z IEBrown et al., 2000; #t

g - /[, 2000; Albarello and Gargani, 2010) £A< ALWSN T W3, Hayashida(2020JpGU)IE, #mEE
DHIEREAEAFA WS Z & T, SPACE (Aki, 1957; Okada, 2003) D#IERERME D H HIEIR T 2 SPACREN,
5, Vs30ICHEHL L /- hBEFERIDEAITO TN TRETH B I & AR L7z, THIESPACREEVs30E DREICMH
SHDHEBERERINEET S EAETEBLTWVWS. B L, SPACREN SHBIERD A4 ST Vs30% £ AR IC
WET DI ENEENE, BEIEAEOREECLCEWVGY 7 MY 27, BREOIMERGZICEESI AW
=8, BENI OBSNARBHBOREN YT SOFENTEEICKLS.

AFRTI, £, EEICERLEIBLN DA S1,901/889 — 2 ORERHAR E )L H S Rayleighik DB/ A EE
Ex1-20HzOHEBETEHL, 7L A ¥EAE5~30mE LEBEDTmEDIEEICH 1T 2IBHRSPACREZ KD
(£49,426/8389—>) . RIZ, ZNENDOSPACREAMERFEAIH S #R S 58%120.9, 0.8, 0.7, 0D {E%
% B D ERE A 10.9, f0.8, f0.7, ---f0.0 (fx) EEZEL, x&Vs30DBEAMARERAN. ZORKR, FEOE
VY —EERTOVs30 & XICIFEWERREFRA D Y (R1IC—flzxRd) , MEERICE > Tk 5Vs30%H#
ETDZELNTRETHD I EAHA L. ARFICE > TEONEREBRRE, BHARZRMHEAAKK-netDiR

BitiRE TICEH L2 IERSPACHERE (=RLIEANE) IER L TVs30D#EEARAAE T 3, BHLEHA
SUICKDEHEERET 5 & TVs30BREET &N TEL (H2IC—FERT) . £/, 7LAHER
%0.6mB LUV TmeE LAZCCAKICL 21BN T L 13RE (Choetal, 2012) "o/ LNBCCAKREUCRLTH
BRDWRETAIT o7& T %, CCAREINS500-1000IC%4 % FEKE & Vs30DHEEEIFE <, CCAREASD
V30D EFEHELARETH D Z & DD o 7. SRISERERHRTORIAEFEEE TSI LT, AFEDR
RitzB#E7.

B AR TR, (BEfF) BXBERMARMA 2L TWBKIK-netB A RDPSKRERHZAWE L 7.
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B 1. 2B ETILLDERLLESR 2.1 XhE5nf0.6&Vs30DERFK
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r=10m) , SPACHREH0.6Ici3/E BHENRICFAL Vs3I0 EEEDELE
W& Vs30DEa% Y53
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Study on Seismic Response of the Aratozawa Dam based on
Temporary Seismic Observation Data

*Shuji Kumagai', Shunichi Kataoka®, Hidenori Mogi®, Hideki Nagumo®, Wataru Okamura®

1. Tohoku Electric Power Co.,Inc., 2. Hirosaki University, 3. Saitama University, 4. Tokyo Electric Power Services Co.,
Ltd., 5. KOZO KEIKAKU ENGINEERING Inc.

2008FEF - THAEMEICHS VW TEERY AOBEEERTEINI N XKIIEEDHESOERERE HITT
22 EaBMELTY LADCERBMES N 2EHL, YLRVY LADOEEEMEIC D WTHRET LT,

1. EREREESAOHE

EREFHEEAITIX, MRS LEZHDET 2 —MI00MEBED=AHDIER3MS (FHREANSEMIR) O&F
A SICHIEET 2 2015F L WERELTWS (H1) . ThETIC, FRERY LDEITHE LIEMIBELUTOD
NMEERORIE~ILBEM S THRE LABBEORENELNATVS, — KIS, /4 XLNLANEL, BT
FELEMIUTOMETHEPRRUSKIBRETH 5,

2. YLRUERRMESASDOY 1 MY
TSRS AR THRELIMI7ULEDOMEIC L 2EENEENARUTRERY ADEARHFEERAWVTARY b
WA YNR—=Ua V@i ATz, BTCHERATZ2HEICOVWTIE, RSHMESNRE Y LEEROLRY
FoTEREBREEZT o>z, BRESINALERR CRET2711km) &, [T & YIFEH2 3IkmEZWERE
ol £7-, ERRFHEEA SO THENED DM AR S HAAM R TER S N2 RBRICILEURENISE
i@ (Kawase et al.,2011) %@&EE L C—RuThBEEDOHE%Z1TV, RKEBEW14mE Y FERILVs700m/sbl k&
WE L,
ARG MLA Y N—=2 3 VENTIE, FFERBRREZTESE 2010, At OERIBIBIFEOMICKE - i
(2019) ICLZQEEHRELGICINA T, BFTHELONAY A MEHEEREMICIK, —ETAROY A b
BFHEORENBEZICENZLD, 1 VNN—=U3 VTROLNEEBRARI MUIZRE 71 v NTREHRERR
RYMVERELT, a0 Y A MEMERDE L, BRI2ICEEDOY M MEMAERT, YLEBRICH
294 MFEIXTOHZL T OB EEERE Tld, 6HzfHATHI1.5MEIC7 2 2 & AR EZBIBIEIBRIUTTH
Y, ARk Y EMEW, —A, SREEE (10HzLL L) TlE, YLEEEE AthRIEAETHY, ZRATIE
BECH . TOZEID, FLEBRMOIFHBIIEBNAENEEEBLTVWREHEIN, PSKRER
R (BEKY £L£:5%,2018) EH¥BET S,

3. YLREDHEEEROHE

S LIREDEEAAND DI, EFRABAD2 RTFEMY I 2L —Y 3 VB ET o7, §LRBEETILD
TERICIEPSHREBIFERICE DK 2BOMBEF L AMMLAE (H3) . A48, §FLREKIE, EFILERICNEES
AWEGERITICL YNMEELZREZEL, AEOHECTRABTHRELL EICEE LG/ G,~ v g% AL
MBI T o> T W5,

YIal—YavIilL > TROLNERKRERVAEDEERY (¥ LEEE/AH2E) 2H4ICTRT, ¥ LIRK
OHERERFMEIZ, KRECTIE2HZ~4HZHEICBRROZEFNRE SN DD, BFRIIKFRAKTE1.2ERET
Hotco 1OHZU EDOREREMHEEH TEHBEEABBIER SRV, —FA, KEDOHERIE, 2HzZLL ED/NKIH L ZEED
WEZTRESHAETRICAZH, BERIISFEMICTEREUT CHL>, TNSOERLILS, KETDY
LEBEFRDRFICEENZ T LIREDHEIINIWVWEEZIONS,

4. F&oH

INSDRETH S, 2008FEF - EHAEBEDAERRICTIERY A TRKIMEERHE I LRSI NER
&, ¥ LEBEEERELOBES S LARKOHETIZARL, YLARKICANT DRIDERMICH > AREENATRR S
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N3, TERY LAFDTIKIEREE LRIk (BIZIE, Yoshidaetal,2014) Z &PRIERY LADEEHE
AWEEBRBEOBREFTICEVWTY LDEREICTRARY F4AMEEINTVWS (BIZIE, FH - 1,2014) 2&
N, KINBEEOERERE L CARBREIZRLABANY LICEIN 222 EDEZILNG, BE, FERKRDY
LDHEBERICOWTASEOREAEMICHERT 5I1C1E, YLD R %REMEE TR T2 2 &2
BEThHD,

XITRER S ABREHREEA V)L — 7 [BARTKE FER—, BEXF RAFA, LBESEH ) , RREN
HD (#) , BRER () , BARERER (%) , VYA 7B () , RIEEHD () 1 KL 5HEEH
il

R ARFTETOICHZY, ERRICK > THAINATRIERY AOHMELRHERVIRTICL 2HAYE
EERAIETWZEEE LA, £, () MEEZHRFAORERICIETERY AHEDOQEE TREW:
EEFELE,

SE L : Kawase et al. (2011) ,Bull. Seism.Soc. Am.,Vol.101,No.5, 2001-2014., &2 - b (2019) &
LEEIERAE Vol.84,N0.756,171-181., — M EEAN BAKSY LR5E (2018) ,K¥ LA=i§No.243,
5-46., Yoshidaetal. (2014) ,J. Geophys Res.,119,D0i:10.1002/2014JB011291., &=H - ft (2014) ,is
E¥R2014FEEMEF KK, S15-P19.
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Wave propagation analysis using deep borehole seismic observation
data

*Tomiichi Uetake', Kazuhito Hikima', Akihiro Shimmura', Masatoshi Fujioka1

1. Tokyo Electric Power Company Holdings, Inc.

1. IXL®HIC

2007 TR BhEHHE (M6.8) IC&Y, HIBNPRERFAREFATRMEEDOHEFARRIND E L HIC

it Al & LB TOIEEIRIEOEWVHASEE SN, ZOREE L TEMOEWHEEIC & 218 & Hhiggs

DAREMMEDOHENMERINTVS. BHAOMESASILTO—RE LT, KFEEA—Y VY J/AEZFMALE

BN ETE SN, BthEA TIEBIROMERER—) YA EFMALALEZ1022 mTOERH2014F ICBHIAR
[Fujioka et al.(2016)] , #Ehdu{8l TIEFRICHEHI L 721500 mFL TOER A 201 7FICHAB S Nz,

2. HIBENBPRERFHEEMICE T2 KEEHIDIRNR

KZEEHA ST, BthEAIcHIEERAMERICIEN SN MMEREAL2FIB L THEST2ERE L ST
(1022 m), ExibibEICEHRICTEEI L 7ZEFL(1500 m)D2ETH 2. mithsid, @mdbic1.3 kmE#NhTW3. ST
e A E < ARE EIC, EALIIEREMEICBLTEY, NhT2MBERDEINKRELERL>TWVWDS
(HABLETHE00 m) . KEESASOAEICIE, Y—REINEESH(+2000 cm/s?), BREZEEERMNE
EEEt (22000 cm/s?) , AR OBERERESNIHSN TS Y, MRICIFY—REMEES, BEREHE
BMEEANIRBESINTWS. NFREBOBZIEGPSTRIES N, 24 bit, 100 HzY > 7 v 7/ TEBINTH
nTtws,

KEEERBIALE, B EEOERINIAETRT, Y/ ZFa1a—RKMHI42BABMEFXEELTLR
W, ZDROHMEEBZZHMEDREEIE, BHHISENHEDRFOH 1D, MtmTELONAMETR
AKOMIE, 2019F6H1SHDILFEBHDOMEME.7)THD. £/, BBEILTRETIMEOERES

&, 10~20km»'% W\A%, 2020F8H6H DFTREFRHMADME (M5.1, JR186 km) D& D EFHME
EB/LNTWS,

3. KRE - thREOERGE

SHERUVEADKZEEICH T B ER EMRICH T ZEF (EWHKD)DSEHESEZHICTT. ALEDRZHELNSBER
THAWM D I=SENEMP 29 DMUBICRZ LD ICHATHS. £/, THLHEICAI > TERMENIE,ILI
ICRBEDITETE ZWARTz. 28, REIEINERERIICEBRIBBIDSNIZIEC TNANRR T 1 IILY—%MFT
oL, EERFICELTHS. ILELHFKOZAEDOMIRIEZ, PSMEBETILALEEINZILELNSHEAD
SEDOMEGBEHREO2MEDELZ AR L. SENMMRTRITLTENIE, ZOROAEICASKEE RAHEDR
HORDOLND. MFREFORICEINNTIIRIE, PSREETILASEESINZMRADSENEDEERZT
H5.

HMEDOREICEL > TENLRERENER D720, EEOMO/NE LHE TIXERSHOMGEREOE VR, &
FOMDOKRELMETCEARORVER E A >TWS., £/, BHLEEOMD/NE AHE TIIBE GBI NE W
&, AFEEDOSHE/NILZADBEERTHNIE, RSN SORILEEERICAZ & FRINDD, EBEICITAGFED
BB Cdh > THHERAMRRERIIRVW AR WMERANH 2. EEHOREN, HEAPRRICLY, RBTH
BEINTLEILDEEZIOND.

LED SHRADEEFREIZ, BORPSHMEBETILAOSHEINZEEELSZD, EHAOMETIEFHELVER
WMEEAH D, EVWHET, K- HBMREORNMNIERIREXZEVWIBRRE, FEAEZEHL TROAHEEZ
NISEIRTZ 3, F/-, BMIOE THHMRADERBHITBRVHELRZ T 5N S, BFHEEIHNSATASA
ENZNEEREVWEIFEZIONT, T/, SALEEATHERANGERZ I END, HMTEEOTEMMOTEL
HFEZOLNS.

FEERMEDIHZES (2017F128158MA4.1, 2020FE8B6HMS5.1) , HERIREISEVWEETAS T3 &E

© BxEZS -S$16-10 -
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Zbh, AELSHRADEEREIE, FEPSREETILE—HT 2. LHL, 2DDMETHRRHIROSH
HEHELE->TEY, 2020FDMETIESH, EFL & BHMRRELRA PR THZDICH L, 2017FDOHETIE

EFLCIRRASRD R TE 2 DDSADRECRIETRETHS. MMEDORF TRENMNIOBRLRECER
278, WTIBEDTEFRDOREIZRATIMBUCRLDZEELTWVWS.

4. BbYIC
MBXNFRFAOREMOKRREMES AL HZEANT, ALE (GL-1022mK% U'GL-1500m) & HiskE DHMER
GREMERZRE L. b SHhRADEEREE, BIRPSKREEREESMNTH2D, BEHOMETIIHR
BERANBREDEANH D, T, HBOREMMICERT2LH0N2EERINOTNERE TSR, §
%, SLIIRFEZEDDIFETHS.

3R

Fujioka, M., Hikima, K., Uetake, T., and Isaida, T., 2016, Deep vertical array observation in
Kashiwazaki-Kariwa nuclear power station, Proceedings of the 5th IASPEI/IAEE International Symposium:
Effects of Surface Geology on Seismic Motion, P204E.

KK-Site Deep Bore-hole Observation Velocity Waveform EW-comp. (M: JMA Magnitude, D: Epi. Distance, H: Depth)
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Influence of medium between surface and borehole seismometer on
borehole seismic record

*Shinako Noguchi', Yoshihiro Sawada'

1. Association for the Development of Earthquake Prediction (ADEP)

WEHIEECAIOER /A AEBEBET 2720, HFEKOR—) VIARICRESNDIHENH

3. RICEREMEHRATRER /A XOBREIBHOHTEETHY, ARBRBEONRIBZVAAKREWN. F
7o, HRIECHGREOERG EREMBICE 2EBANOHEEZRITLWVERICEFASNS. AAHHEF TH
RENBEFICIE, TADPLDAGREBRORENSDRIEK - BICRNEEZN 23T THBED, REDOH
MRREIZNS Wed, ZOTFTANRNDRBOHEBIINES KRB EHFIND. —AT, LEOHMELHED
MERORBHMEBOFREUNEDOREZR T H2RE EH - HiE, 2014) tH5. AMRTIE, BHE
BHFFIC & BKiK-net@BE A DREHREZAWVWT, AEOMERZENEZhLY LOMBORXEEZZIFEDONEN %
AET 2.

9, EHRRAOKK-netFH 18 TOMERHFEANRS. BARICTALSIFIFREAGT T 5 EDEH
HEDDD, BERRERIIFS0kmLRE T 2. EOHRBECZRERH IIKL THE. BER - GERRICLELA
WERRI = DR ZE H Y BT 2DICIE, +DICEROLHRAEFEIVEE LS. LALEMBAITIEIETDOS
L—bME - FL— MBI ZIRENNS KRB0, 7TEASRTIE30EY MERFEOREHZLIMELONA
MNofz. BEMEICOWVWTSHED10.24BDI A LIA VY RIAEEY, TNICI0%D YA U F—/R—%H T
TT7—) TIRIBARY MLESTEL, E5120.4 HzDParzen 4 Y R aNMNITEBLTZ. B5NEARY
NILDIKIE2R S DIEFEF Y % KEEDIRIBARY ML ET 3.

ERZFig. 11CRY. MR (Fig. 1(a)) T, WEDOHERICH MO S FTHA8 HzfHE & FDICIRIEN K E

W, 29 LERBUIZALRESR (Fig. 1(b) ICEA#ALNBRVWT &N D, MRMIADMAICK BIBEICE D SHER
N3, —ADAKERERTIE, 1Hz, 3HZHAEZIELHW DDODADALND. Ihid, HhRLHSDRITK
DERSIBRICHERIERBMEEZOND. $4bh5, ARKRDKRILRS DAFE, 4/31F, 4/56E.&7%
2L, ARTREINSDRRORGFERDVASTREITEHE L H > TRIEMET$ 5. AADORERET —4IC
EDOKEFDMFR S FALEDIRIERAR Y MUEE (Fig. 1(d)) ICIRNZE—JDAEIX, IhoDRFERKREIC
MY B.

ZOANBENZERBMIFARS EBEEORMEREES LUAFEOARFBICEKEL, ThiY LAFDOXREE
ICK ZHESIBIRE EBE{RARW. LHALADYS, ZORENBRVWGEILEDIRIEBRARY MLIERESH I
Blicim s &, BIZILFig. 1(b)D1 HZAHED A TORBIETEH L T3DDIREICESLSRAATWVWS., ILER
Eh BRI EFIAYT 258, COBRKPBETCVWIAREEEEZERT 2HNENH S.

INOSMREAERDARY MNLDLEE E>7EHEDHFig. 1(c)TH . INIEE)DYEBEICHIGT 5D, LI
MAREEICK D E— I DOAE IR DEREICHELTWS. ZhelEalic, (c)THEESE-10 HzfHEN RS
MRILICAE>TWBD, Zhd@ERIRIEICASNZILICHIGELTWS. ()DL I RMREAEDARY ML
i, —fRICH RSN A FARZDICAWVWLON S A, ZFIICIENSILICK, REMBICK Z2EIBOMR

&, REFRICEZ2EDOMRENRELTWVWSE I E, NS E & ZRIDIRIEBRARY MLAERANRS Z & TXHIT

X2 &b
AOMHO6MD & 5 BB A BRE28HmIE, T—9FRROREBRVWTHMICIORIFEASNZ. —AT, AE
DEFICIHBELASIPBENLRVWERRE W D h o7z, T LI-maTIE, EAKERBREECIXLL, KE

FEDFHENBVWGREDRET, ARF TR REERIBUVEDAA=ILNEZLLND.
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AEOHEREFKICOWVWT, AEEHMROBDOMBOHEZARLER, MRKIRICK Y FERRBTRIED

HEHEINDIRENEL ADNT. SEHISICZHOMMES LITT—9 458N, BREBT—9ZDOHBIERE

DB EITo>TWL,

g

AR TIE, BEKRIZRAMIFIRATIC & 2 E BB AIHEKIK-netOER T —%
(https://www.doi.org/10.17598/NIED.0004) L UMRBT—4 AL TWEY. £/, [IKRFICEE—

TEERAYOVOERERAFEALTVWEYS. BLTEHWZLET.

SE R

EHE BEE, KiK-net P EAI R DEFKICE SN2 REMBOIERFPEE DL, hE 524,
2014-2015, 67 #, 3 5, p. 99-104, https://doi.org/10.4294/zisin.67.99.
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Fig. 1. Fourier amplitude spectra and spectral ratio
for S-wave portion during earthquakes at KiK-net
AOMHO6. (a) Horisontal motion at GL, (b) Horisontal
motion at GL-100 m, (c) Ratio of (a) to (b) and (d)
theoretical spectral ratio for horizontal motion
calculated from PS-logging data.
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Data driven estimation of site effects using recurrent neural networks

*Mona Izadi', Shinichi Matsushima?

1. Department of Architecture and Architectural Engineering, Graduate School of Engineering, Kyoto University, 2.
Disaster Prevention Research Institute, Kyoto University

The purpose of this study is to utilize artificial neural networks to propose a novel method of evaluating
site effects. A Long Short-Term Memory (LSTM) Recurrent Neural Network (RNN) is designed using
Tensorflow 2 library in python language. A dataset of 3 component strong motion records from all Kyoshin
Network (K-NET) and Kiban Kyoshin Network (KiK-net) stations maintained by National Research Institute
for Earth Science and Disaster Resilience (NIED, 2019) across Japan are obtained. In order to limit the
dataset to the linear soil response range, only records with peak ground accelerations (PGA) between 10
and 120 gal are used. From each strong motion timeseries data, a 10 second time window, identified as
coda wave, is extracted. Ideally, coda waves are composed of mainly surface waves and thus contain
information on shallow subsurface structure.

Utilizing available borehole soil profile data, a vector of proxies is defined to represent the site effect
characteristics at each station. These site proxies are time averaged shear wave velocity down to 30m
depth (VS30), depth of seismological bedrock (Db), surface to bedrock ratio of shear wave velocity (Cv)
and fundamental frequency (f0). Using these samples, a separate RNN is trained to predict each site proxy
from coda waves. The dataset was divided into a training set of 95% of samples and a test set of the
remaining samples. The RNN architecture consists of two hidden LSTM layers, one dense output layer and
a sigmoid activation function. The target vector values are all normalized to fall within a range of 0 and 1.
Once the network is trained, all predicted values are denormalized for performance evaluation. The best
results were achieved when the RNN was trained over 100 epochs to predict VS30 values, with mean
absolute error of 47.8 m/s on training set and 111.59 m/s on test set. The bigger error value on test set
shows that the network is overfitting, and the performance is not ideal yet. This is expected to improve in
further development of the study, by hyperparameter tuning on the one hand, and revised definition of
coda wave time window on the other hand.
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