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Estimation of source model of the 1931 NISHI-SAITAMA earthquake using long-period ground
motion at Hongo in Kanto basin
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The 1931 Nishi-Saitama earthquake occurred in the northwestern part of Saitama prefecture on
September 21, 1931 with a magnitude of 6.9. This is one of the most destructive shallow crustal
earthquakes in the Kanto district in the last 100 years. Heavy building damage was experienced in
the epicentral area during the quake. It is important from the viewpoint of disaster mitigation to
know the source model of the earthquake for considering ground shaking during future events. Abe
(1974) estimated the focal depth according to observed P-wave travel time in distant station and
suggested shallow focal depth. However, the focal depth has not been precisely understood.

In this study, we tried to estimate a source model of the 1931 Nishi-Saitama earthquake by
comparing a long-period seismogram observed in Hongo, Tokyo, which is the only seismogram recorded
completely in the Tokyo Metropolitan area with synthetic seismograms simulated by a 3D finite
differential method considering recent detailed model of the Kanto basin. It is clarified that the
main part of the observed long-period seismogram is composed of surface waves affected by the
three-dimensional effect of the sedimentary layers in the Kanto basin. We also found good agreement
between the calculated and observed seismograms, when the depth of the source fault is set to be in
a range of 20-30 km with a rupture propagating from the bottom edge of the center of the fault.
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L. BEGASEE1RE UIZSRITENRER NI U —VEHED/\1 TV v RETLHEIEES ZETE L
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(CEIHEERE LT —X (BAT—X) (CLBFAMESNE. B KD RERAICEBRIERE 0BT
fifi. fEEHAEITO0ENHE T BEANRD > e, MAMHLANILEFEFT+o& LT —X Tl FHFTREH
MWEDEEEPRITERAREARTERT —IEURTRBAXELL L2, PTARUFTFrDIRDER(ITZE
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2T —2TF. BRT —IEDERRARICEL > TREL IS DHERARE SN,

SHEF. LHSICK D> TETD/IISA—=FEDOVTESDETEEZERL TEM L1007 —XBEDERET LB E
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HEC DV TEBROERETL. FAMESHOES DESHEUTRNEIBES DT EABRE L LD KL Sl
EEFMAFEERNIT DI EARETH D,
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Keywords: ground motion prediction, source model, variability
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Introduction of rupture directivity effect into the pseudo point-source model

*BIR BN T2 E

*Yosuke Nagasaka', Atsushi Nozu'
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Nd.
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DERIRINIVEBZTVSRRSD., J4T—RFT1 LT rETr RBNIMR TRBEUSERETIVICK
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BAZENL. D4 T—RAITEI—FT—FEEEHNIARE. NV ITT—RAITHINSEDIEERLTL

Do BELTIE, RSAT—EBRARICEFIEIETRBELNSASI—EREL, I—F—BKH~=E
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3
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Keywords: strong ground motion simulation, pseudo point-source model, rupture directivity effect,
corner frequency
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High Frequency Ground Motion Simulation of an Un-happened ShanChiao Fault in Northern
Taiwan from an ETF-Based Site Correction Method for Stochastic Simulation

*Jyun-Yan Huang', Kuo-Liang Wen'’, Che-Min Lin', Chun-Hsiang Kuo', Chun-Te Chen’, Shuen-Chiang Chang
2

1.National Center on Research Earthquake Engineering, Taipei, Taiwan , 2.National Central
University, Chung-Li, Taiwan, 3.Institute of Earth Science, Taipei, Taiwan

Strong motion generation area (SMGA) was mentioned as an important source parameter for high
frequency strong motion simulation (Kurahashi and Irikura, 2011) that was identified as different
asperity distribution from traditional source inversion results. Meanwhile, high frequency strong
motion simulation is very important in application of engineering seismology. Site correction
method from Empirical Transfer Function (ETF, Wen et al., 2013) for stochastic finite fault
simulation was applied in Northwestern Taiwan for 1999 ChiChi Taiwan earthquake as high frequency
simulation. Except the traditional inverted asperity model was used, random asperity distribution
ones were test from Huang et al. (2014). In this study, different construction method of random
asperity models followed Japan’s Recipe (Irikura et al., 2004; NIED, 2009) are constructed for the
same event first to check near fault response for randomly SMGAs. ShanChiao fault is the most
important fault system in northern Taiwan owing to it could probably generate earthquake directly
hit the Capital urban area. Finally, this study will try to identify possible ground shaking level
for Shanchiao Fault system. The simulation results could help to preliminary plan of disaster
prevention issue or building design problems in the future.

Keywords: Stochastic Simulation, Empirical Transfer Function, SMGA, ShanChiao Fault
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Simulation of long-period ground motions for the 2011 Tohoku earthquake (Mw9.0) using
large-scale parallel computing
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201V ERAGA K EFEHE (Mw9.0) TIE. KiK-netlttiE (KBR) Z(FUHETIHAZEDMERUS TR
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MCPU (E5-2690v3, 12377) &2D. 192GbyteM ATV EBEH L Iz, {miXHEE406bpsDInfiniband T3/ —R%&E
BEmU. WIEHEW ) —REBEICL D TRANIANETEE I 31ERBEERFE LIz, WIHEERR. &
J—RICEHELUEEZHOOAT7EEWERITDRHIC. IRTOEFHBIECLDITL. J—RABEEEMPIZER)
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1o 16 — RTEBRINBRIDPCOS IS (16 —Rx2(PUx8177) ERAVIEETIE. 645 NDIRE (CHI60Z
DRE—RT7vIHESN. EERNETREZE IFHGFED(CEBCETSICEERE L
.NMNAEOERABMESRI =1L —3avid. BE2~10WOERIFE(CHITDIEEFEOERAYEZESIIT D&
ZEHNELT. BEQDICKLDIRLURERETIVERVTIT R, ETORERICDVWTIRDANEER
EBU. 1LY ROBEIDE LETriangle M OERIFREERE B\, S1X5 17 LIFEFE(2012)D
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CEEHD. BB TR L ZEHMEEU EORIEE B/)\FHE T 3. XRT RLOFRKIEE K BITZIERMR
Bo5N iz, BRIERICIITRERESCHiE L AR~ 10M D REEHNEEE (CIGE L ERFHNRHSND
N RIBERFEZOREEBRBIREINS CENDH oI, 5IEHEE. 3.1NNAENERETILOFARE, &
EHRtEEB DGEIFEDDIC DOV TRIIFETH D EHIC. ERLETIHEI-—REMKRI=ZaL—5(C
REFTH D,

F—O—1 D UWHEE, EOE. WNERIEHATEEE. EEELED

Keywords: parallel computing, finite difference method, the 2011 off the Pacific coast of Tohoku
Earthquake, long-period ground motion
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Benchmark Test for Strong Motion Simulation in The Tokyo Metropolitan Area.
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A New Attenuation Relationship for Velocity Response Spectra at the surface
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ij’
log SWjOM%,AU,t):Aw(t)-M%JAC(t)—b(t)AU-B(t)log(AU)+eU(t) = (2)

EROTZNERLLE (CH(TFEMBTN T THFATIN TS, ERERA (CLBEITSb(t)DIA

&, QRTRFCEARCHVWTREBMTHEIISZXRIEE L TELTULD. COER()RICEOD

(&, Inter&IntradDIMEEE(C(E, EMOEBRRAUT—IMRELL, BETVT7—I 3 VTIHEERETHETS
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O«&gofz.

SHNORTDEBRT, TL—OFESE, PAC, PHSEEI(C, FEDREZRTIZIBEISAHARNNOBEXNET S
CENIoz. 2T, ROEETL—NFEENRKEEZ, ES - BEHEOLIRTAICC & > TREFCER
Liz. COFEICELDT, FU—MRSICLBEE, ERPFINTOZ, BEEEEERAER(CHIgh Q - High
VDX S TELENBDRICEIDMRDHEECET ST, HAFEDER L EEARMEVIENRECTH S, EHK
OEAFBRIBRAEFRCHERTHEERAREZTVCE, REILRGIZDEBICHATREEANRERLESCE, T
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Keywords: Attenuation relationships of Velocity Response Spectra, Upper limit of the effective
plate depth at a site, Selection by AIC, linear inversion method with cubic B-spline
expansion
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Validation of Attenuation Relationships for Velocity Response Spectra, Comparing with
Observed Records
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(2003 =R, 2004 FACFHEREEA. 2011EETHEN) « HXU. HRAD 3 hE (2000F SERFE
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Probabilistic Seismic Hazard in Low Seismicity Region: Kalimantan, Indonesia
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The island of Kalimantan lies upon the southeastern margin of the greater Eurasian plate. The
features that affected Kalimantan came from its great tectonic activity during Late Paleozoic-
Pliocene.The absence of present-day major earthquakes makes the island is considered as a
relatively stable block. In the past decades, seismic hazard analysis in Kalimantan is not
prioritized due to its low seismicity. However, two moderate yet destructive earthquakes hit the
island in 2015: the 6.5 Mw Sabah (Northern part of Kalimantan, Malaysia) earthquake on June 5, and
the 6.1 Mw Tarakan (Eastern part of Kalimantan, Indonesia) earthquake on December 21. It seems that
the eastern and northern parts of the island are subject to potential hazard from small to medium
sized earthquakes. Those recent earthquakes show that Kalimantan is not sterile from destructive
earthquakes. Hence, we must remain alert to the possibility of such an earthquake disaster, as it
had happened last year and 95 years ago. In addition, more than 18 million people living in this
island should be considered.

In order to reduce earthquake disaster, the Kalimantan seismic hazard map was created using
probabilistic approach called PSHA. The uncertainties of size, location and time of earthquake
sources and GMPE were taken into account in calculation of acceleration. Seismic hazard analyses
involve the quantitative estimation of ground-shaking intensity that was obtained by converting the
acceleration on 0.3 second RSA (Response Spectral Acceleration) having 10% probability of
exceedance in 50 years (500 years return period). Based on ground-shaking intensity, the hazard
level was divided into four classes: they are very low (MMI < V), low (V <MMI <VII), moderate (VII
< MMI <VIII), and high (MMI > VIII) respectively.Important to note, this classification is
primarily intended to non-engineered building, a common building in Indonesia.

The hazard level in Kalimantan is mainly controlled by diffuse zones of deformation (background
seismicity) while Palu Koro and/or North Sulawesi subduction affected eastern tip of Mangkalihat
Peninsula. The inclusion of site amplification is another important aspect that included in the
hazard map, since it can change the hazard level significantly.

Keywords: PSHA, Kalimantan , Low Seismicity Region, Seismic Hazard Map
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The Impact of Westward Extension of Flores Back-Arc and The Inclusion of an Active Crustal
Fault in Southeastern Bali to Bali Seismic Hazard Map (Preliminary Results)
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Recent study utilising Global Positioning System (GPS) measurements of surface deformation
conducted in western area of Lesser Sunda Islands, show the westward extension of Flores Back-Arc
for 300 km onshore into East Java. Another recent study, utilising geology, geophysics and geodetic
methods reveal indication of an active crustal fault in southeastern Bali which pass Denpasar, the
capital city of Bali Province and the most dense city in its province. The Implications of these
findings are the increasing hazard and risk levels in Northern and Southeastern parts of Bali.
Seismic hazard analyses (deterministic and probabilistic) using OpenQuake show increasing hazard
levels compared to the previous seismic hazard map of Bali. The direct impacts are the number of
people and buildings affected by the inclusion of these seismic sources increase significantly. The
preliminary results show the need for a careful evaluation of the infrastructures and contingency
plan within areas which affected by these seismic sources in order to ensure the safety of the
people and to reduce loss of infrastructures.

Keywords: Back-Arc, Active crustal Fault, Seismic Hazard Analyses, OpenQuake
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A proposal for creating a maximum seismic intensity map of past damaging earthquakes
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ITES5HSEMEREZVEBNOND, ZO—AT. EEONTVECBICELTIE. SRERETHD LR
S5HEVNCEF. +RICAMTI2RERS D, ZNEKTIE. COBERAEEOCENSMRIE. #EMICHES
CERDZEZLL,

AHAETE. ZORIEE L TEBDIANERN S SEEREDIALUBOHEEMEDICK > TIERE

Tolz0 FEHE. NS (2010) OEBB=ERNEHE > CEEMICITO . EHOSEICE. BBETILHEE
INTUVDEDEIKEBEISDIERZML. DHSHEVEDEIERNSDERHE Uz, ESEELIRBEEL
FHEBTRARINTUVIEDZRALZ, HEISIROSHEICHESLI0 mEEASEERE (AVS30) (FHIE/N\Y—RKX
F—23Y (J-SHIS) TREEINTUVBRENEALE, EFEEASIVIVWTFNESRIA YT a1 (250 mig

F) Zoz0T. EEOEMNAHRKESIA Y 1 THEETOE, MECEICDVT. EEZEXRDZH

E. XVIACEICRAEEEHEL. ZNEMRI(CR U,

LEVWEETERIL L EE o lt, CNIF1946FERTEBIIE & 1968 FE HEEIMEDHENAZT V. AMEEIEEZZXD
E.ERBFICE. PEL EEEESHERENENICEMEX THUVEESHARVWEEXDRLES S, EEAMERD
[CRZFLEEDDHNARESN. BATEEMIEE DTS, CNISI8BIFELERMECLDENTH D,
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Amplification characteristics in Kanto district estimated from waveforms of the 2015
Ogasawara Deep earthquake with Mw8.0
Amplification characteristics in Kanto district estimated from waveforms of the 2015
Ogasawara Deep earthquake with Mw8.0

Bl B * LA S8 AR

Naoki Ueta', *Takuji Yamada’, Jun Kawahara’

1. RPARFEZE () o 2. RBKFERS
1.College of Science, Ibaraki University, 2.Faculty of Science, Ibaraki University

A deep large earthquake with Mw8.0 took place beneath the Ogasawara islands on May 30, 2015. This
earthquake caused a large shaking in Kanto district in Japan with the JMA intensity of 4 to 5
major, which provides an opportunity to investigate the amplification characteristics in the
region.

We analyzed waveforms of 56 KiK-net sites in Kanto district and investigated the spectral ratio of
the observed waveforms at stations on the surface and on the bedrock in the borehole at each site.
We first picked arrival times of P and S waves and cut the waveforms from -10.00 to 30.95 s after
the arrivals. We then calculated spectra of the waveforms and obtained the spectral ratios of P and
S waves. We calculated average values of spectral ratios in the frequency band from 0.1 to 1 Hz
(Fig. 1a) and attributed them to amplification factors at each KiK-net station.

We first investigated the relationship between the observed amplification factors and distances of
surface and borehole seismometers. The relationship showed a good proportionality with a
correlation coefficient of 0.744, indicating that the factors have a strong correlation with the
thickness of the sediments the same as results of previous studies. We then calculated the
normalized amplification factors (NA factors) for every 100 m of the distance between surface and
bedrock stations to remove the effect associated with different thickness of sediment at each site
(Fig. 1b). The NA factors were around 1 for sites at mountain regions as expected. In the Kanto
plain, only sites around the Tone river had high NA factors.

Acknowledgements: We used KiK-net waveform data.

F—DJ—R : AR L. KiK-net. BEERIMA
Keywords: Spectral ratio, KiK-net, Kanto district
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Fig. 1 (a) Amplification factors at KiK-net sites. (b) Normalized amplification factors.

©2016. Japan Geoscience Union. All Right Reserved.

- §5§525-P18 -



SSS25-P19 HAMERSER S EA2016EAS

BIRFEHILEICH (T RAPMES DX E S &£ SBEAROERANMKFYE
Variations in strength and predominant period of long-period ground motions around the
northern Kanto sedimentary basin due to epicentral directions

Al HE. SR ME. BN 2807
*Kengo Kajikawa', Kazuo Yoshimoto', Shunsuke Takemura’

1 BERMIIRZ, 2. BRI RSP
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[FU®IC

RSB R M CEIARHMU LD P EERIMES (T, EEAMBIMES)) NERCHRIUST N, ZOEHEE
(FER R DOMERBROFRE LBRAGD CEMRBRINTULS (BIX(E, Yoshimoto and Takemura,

2014) . —AT, BHETHNEERBEORECERAUICLIRABPMESHOMENASZTINOER (BRA
IEE) RENSCERBEIN TS (BRI, HR - EE, 2012) X, RAPMESHZENT SLovelR°
RayleighiZ DENEEIBIE & ZDERAMMKEFIEC DV TOFMIEREATH D, BEELMERAIETEOSNIEK
Er—5ZRAVREMRERKRHSNTUS.

Z_TAMETI(E, BERHEREAMAICBERE NIZK-NET/KiK-netd K USK-net BRI DEAESEHE AL, EIC
BRI RMOILERCH (T DKEFEHRE L THEREMIUICERIT D EICLD, RAPMEESNDERSI
BlOXRE S EFHARORHEEZFL <HAXTE.

ERYTICER LU tE A5 A

BERIEERMOEAR CRE ULERAMUORIEDDDEXFRIMEE BITNRE Uiz, F-netMTEETI(E, MwlZ
5.8~6.9, EREMREI(I8 kmLUXTH D, EMEBRIC(IEKMBEOETFNETHURDZEZSEFATU

3. SEOEGICHRIRT ZRAMBMESZMFFT S/26), ERERE150 kK HmNDER = CTIEHRERZN 51008
M ERBHFBSIN TV S RELDER, SHRIERE150 kmld EOERIR TIERERZN 5200 LEBHFRINTLDX(F
SCRIFERMN150MLU L TH MELEROHFEFBTICFEALLE. CNSORBEFBIMERECDOVT, ERE
WREDQDT—I) I IR VA S REARMESOARS S & SlFARETHEL <.
RAMPHESHOA S T & S@EAROERSMKEFILE

FEROBFFEICEIDKRDSNEAFEEFHE ETFEHDT— U I IRD RVELBTDE, EOMEICDNT

£, ETEEARKEFRCHFOWTIRI MURIEAASZT K EESHERVC ENDM o7z, N, BEAERERE
BMATIE, LovelEDIRIENRayleighlEDIRIEL D EERMIT SleHEEZXO5ND. AR, E550K%
(EDVWTEHIEEBNEC LI IERFEIET D ENERZINGE. ULHLEAS, COREHRESNZIDIE
MEEBROEIM.5~2 kmMiEEEXTTHD, TNIDMEEBRNES LD EHAIND SBEREKEHT
6.3MWI2E, LTEITL.IMWEELHMNB—EEERLE. COBRAURKRE, EEHEBRNTE, KFEEICE
LovesXDIRIE, L TEN(C(FRayleighfDIRIENERT SehEEZX5NS.

REEHERR AR C & (T 3 RAMRMESH OIS & SBERRZE 2004 F 3R RPHME 201 FREEREmE D E
THRUEECS, REIRIRILOXREISERABE TS >N, f8ARICEIXKITEVARRSNZ. HE
HBEOZEW 2 kmLb) HRCHFIE8EEAE, 2004FE5mBEFHitE TEKFEEHT6.6MEE, ETHT
5.2MEETHDIN, W01NEREREDMETIIKFEIHTS.6MWEE, L THTLMEETH O IZ. CDiFR
SR, RAPMESOMEN LTS LUKEEE EICHENDERAMUICKEIT DI EETBIDIENTS
.

HEE

AT TIE BRI 2 BT ZE AT DK-NET/KiK-net DR FEEEER S K OF-net DINTEEE AL F LIz, Fe, B
BRAEIRAER Y R J—ISK-netDRFZ R RMEMLALF L.

F—O—k  REMAMES). BREERM. BERSAKFH. S@ER. REK
Keywords: long-period ground motion, Kanto sedimentary basin, variation due to epicentral
direction, predominant period, surface wave
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FRTEF(CH (TS REAMMEEBDERG U E ZDRRIIZES
Source Azimuthal Dependence of Long-Period Ground Motions in the Kanto Basin and the
transition of time-history

“ByEs B 2 Bl L SEeEd. i
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01MFRIMAXFTFHINEDRR, ERFHEE CREBMESHNGENIN, EEEEYCEXRILENLE
Cle. ZOXRBOREEDT —IDMICLD, BREFTHAUSN S REABMESOBIBHENERDITMIC
KO TCERLEBDCENHESNTUVBCHR - BB, 2012 ; 2H(EN, 2012). FREEN(2012)(F, RILMBAF
FHEE ZOREBEROBAETOTHD, PR TRAS NEERRRORELE XD ~ILEEAS
gHINZY 1 MERFIEE, EHEMWIUEOMERICH U TEROUECHKEFI D EHRELTULS.
ZE5(, BREHFELITHRELUIMMEOCSFVLREMETH V=1L —TYa VOBREAVT, BERFEEF(C
BT 3 RAEPMEESOERSMIFEC DV TRET (Noyori et al., 2015)&{T>CTEz. ZORER, BERFEHETH
IDEBDERRAGERICH VT, BERFEFNSIFADINRAE I CSRETESROERSEICERMIE T BthE(Cx
L CAMMU EORERESNIB LT, WEHIZ1L—TYa VORBRICEVLTECDOERANFSN
BN o, ARETIE, BARFEFCTHRASINEKIK-netDETRE —ERZIC & (CXYIDHIR/HHDR
BILEINRD ML EXRS, ERAMUFEDORRIIZECOVTREZE L.

F—-U—F  REAMAME. BRAM. U MEESE. BRTE

Keywords: Long-period ground motion, Source azimuth, Site effect, Kanto Basin
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Equivalent-Linear Site Response Analysis in the Kanto Plain

*Rami Ibrahim', Tetsu Masuda', Kazuki Koketsu', Takeshi Hirose’, Hideaki Takaku’
1.Earthg. Res. Inst., Univ. Tokyo, 2.East Nippon Expressway Company Limited

The Kanto plain, the largest and most populated plain in Japan, is covered with thick marine
sediments that can cause large amplifications of seismic waves during a big earthquake. The
sediments thickness over the engineering base reaches to several hundred meters under the central
part of Tokyo Metropolitan area. In this study, we evaluated the nonlinear site responses of layers
between engineering base and free surface in the Kanto plain. We adopted an equivalent linear
approach using DYNEQ program developed by Yoshida and Suetomi (1996) for the site response
analyses. We use stochastic Green’s function method to generate synthetic waveforms from 16
hypothetical earthquake source models located in the crust, and on the interface or within the of
subducting Philippine Sea Plate. The simulations were done between the seismic sources and the
engineering base where shear-wave velocity is equal to 500 m/s. Synthetic waveforms on the
engineering base were used as input motion in DYNEQ program. Shear modulus versus strain (G/G,-y)
and damping versus strain (h-y) relationships of Central Disaster Management Council of Japan (CAOQ)
are recognized to express the dynamic shear deformation of soil (clay, sand, and gravel). Shallow
shear-wave velocity structural models above the engineering base were also provided by CAO.
Resultant waveforms on the free surface show a systematic dependence on the thickness of soft
structures above the engineering base. Large amplifications are dominant at short periods above
shallow soft sediments, whereas peak amplitudes shifted to longer periods for sites located above
deep soft sediments. Nonlinear site effects, inferred by de-amplification of the site responses,
were typically obvious at short periods of approximately 0.2 s and shorter. Predominant periods of
the soil was calculated based on empirical relations and compared to those obtained from the
spectral ratio. Both predominate periods show disagreement at sites where nonlinear site responses
are expected. The large deformations are mostly concentrated in shallow 30 m of soil inferred from
shear strain analysis. Our analyses showed considerable effects of nonlinear response of surface
layers to large seismic inputs on the engineering base. Our results reconfirm the importance of
nonlinear soil effect consideration in risk assessment of structures.

Keywords: Equivalent linear approach, Site effects, Tokyo Meteropolitan Area
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The Effects of Thick Sediments to Long-period Ground Motion in Northern China
*Yigiong Li'
1.Institute of Geophysics, China Earthquake Administration, Beijing, China

The study of ground motion is a cross research field between earth science and engineering science.
Theoretical seismologists are more concerned about propagation path and the effect of seismic
focus, while engineering seismologists are more concerned with the ground effect. Studies have
shown that the western Taiwan coastal plain is influenced by long-period ground motion from the
1999 Chi-Chi, Taiwan, earthquake, and engineering structures with natural vibration long-period are
damaged by strong surface wave in the western coastal plain. The thick sediments in the western
coastal plain are the main cause of the propagation of strong long-period ground motion. The thick
sediments similar to in the western coastal plain also exist in northern China.

It is necessary to research the effects of thick sediments to long-period ground motion in northern
China. The numerical simulation of ground motion based on theoretical seismology is one of
important means to study the ground motion. We will carry out the numerical simulation of
long-period ground motion in northern China by using the existing tomographic imaging results of
northern China to build underground medium model, and adopting finite fault source model for wave
input. In the process of simulation, our previous developed structure-preserving algorithm,
symplectic discrete singular convolution differentiator (SDSCD), is used to deal with seismic wave
field propagation. Our purpose is to reveal the formation and propagation of long-period surface
wave in thick sediments and grasp the amplification effect of long-period ground motion due to the
thick sediments. It will lay the foundation on providing the reference for the value of the
long-period spectrum during determining the ground motion parameters in seismic design.

This work has been supported by the National Natural Science Foundation of China (Grant
No.41204046, 42574051).

Keywords: Thick Sediments, Long-period Ground Motion
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A multi-period inversion of broadband seismic waveforms for 3-D velocity structures

*20 MAE'. #ERE —ie'
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EEEOSVREHEMESHOFENC. MERORBARNSZ AV EBEEREEMAETOCE. ZRTE
EBEETTIVOBEENMREARTRTH D, Fc. HERMAEEQVOMNIMAL E O = RTEREEENNE
HORBHRDDCECEMIREEESR N ZLOBMEMRRICSVTERINTLS, EOLDHE
EBEZR(CANBIAL, MWERFEZOENDERUVEZRITRERBEDT V/IN—I 3a VIIERBCBIEFETH
Bo WEAVN—I3aVICEDLZRTEREBEDHETEL. CNFITICHITHARRAVS DS B, Aol (2002)
[F=RTGEBRMOIRE R VN =TI 3 VIC KD TKRDBIFEEZRRE UTZ, Iwaki and Iwata (2011) (FE
BROEFRIEEERZHEA L T, Aol (2002) OFEZ ARFFOHEBRMESICERALUZ, 51 (2006) (HEREEBD
BEZXRM/ISA—FELT. BREBIASERSZATHE CEEBSEHEL. TOBREFEALT=RX
TTREBESETIVEENT SFEZMRE L. EEAERISERLUZ, e MAOILT AT TR, KEge
7IaAVNREEIEDEETIa T UL - FEIST v (C LD MERRECIEHIERZEDHEDEFESH
% (e.g., Askan and Bielak, 2008; Tape et al., 2010),

RAMMESHOFMCTIE. AE2-3NS5200WEE X TORREEIICH I TIMERNEETCH D, LT K
HEE. COLSHLVEREBOERIREEBR CE3REBEE. KETYNN—JavIcLoTH
EIDFEERRT D, AFETIE10-20f), XRICT5-2080. REIC2-20WELVDKDIC. WRET BEHEE
(CHEIT D, RABAIORD ST VNN—I3a V&AL, SONTCEERZ XDEFBRS ESURE1Y
N—=J3aVTONRETIVE UTRIAL., IREAPEEARE NN—F3FBOREEL VN—I3aVETER
NIRRT, TVNN—TJ3aVORM/IISAX—S(I5IRE (20060) &REEk. BROYIMEN—ELEHROREBOERB
DEBEE L. EREOST Y INETRN_REMBEFRAOALIL CTREETH< . AF &G REABRIKS DT>
N—=TJaVTrIVN—TJaVERDOBEREHEEZETES (e.g., Bunks et al., 1995) S x. EREHBMRIKS
EBAITEEACYN—I3 Y TOROIEMRNCENS, RERDTYN—TavERT T+ T—REED
EHZHBTETDIMRRH D, Tz, ZHOREBHNSHIEHIREBEICN L TE. TENICENKE
Do

1 VN—3 3 VICRHBFRMIREEEDETR®D. ZOBRD T + D — REt&E(dKoketsu et al. (2004),
Ikegami et al. (2008) (CKBNITIVEREREEZFERAT S, Ffc. 1 VN—JaVOREORELNERD
Jz&. {EEMarquardtZ&FHEY 3, FRETIE. VICTTIEREREDRE L CTHREKRD D, LEREICNT
BHEMS LUMERORESFCEDBULBREDREGELE.. AFROEZYUMZHIT I S HOEE
EREEMUIZ, RRTIEZD/BRICDVTIHRET S,

F—DO—R I FEBSETI. B YN-I3 Yy, LEEMEKE. Y IHERN_FE. FFHFEHE

Keywords: Velocity structure model, Waveform inversion, Broadband seismic waveform, Damped
least-squares method, Non-linear problem
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Performance Check of the Velocity Structure Model of Oita Prefecture Using Strong Motion
H/V and R/V Spectral Ratio
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KPBEDOEBEEEE49IRE KUK-NET, KiK-netDMIEFAZEEIRICDUVT, HNVIRI RILE KTR/NIRD ~
IWEEH LUz, BITNREEBFEBST CRELRMESNI2005F38NM52015F 1B X TOE6BMETH
3. FIFMEOEREIE, 2005538200 @MRFEGHME (M7.0) EZDRE, 2007F68BIRFEICFERR TR
DZRVHIE (RAMA.9) , FEFEHEDPRROME (RXA(F2014F3814HMM6.2) , KDRPEBORME
(D=145km, M6.2) , 2015FE7H13HXDEREEBOME (D=58km, M5.7) THD. KPOBREBRAEESHIZTM
RESTERIN, YT VIRREIZ100Hz, BRERE - 2P, HIEREFOAHRMERICEKEINTUL

3. BEESTORFEERIIOMEZIRAUE LTHUDHEINTHD, FEAEDT—IRIFOMETHSD. &

e, BRRICK D TIFEEDHELZRUNESNTULWEVWECSEHD.

UREE U I BER RSB O T EHMIES (BEHEST) ZAUVT, VRO RIVEEELRZ. 0.2~10HzDERE
BEHICDOVWTHEROD IR RIVEHE ED, 8HH/NIRD RILE U, E5I(C, MEREBEORKSLE/EICD
WTR/N IROIVEBELRZ. SEENS 20.48 HLBROEBEKEDZERAVZ. L, XPBREEETC
DUTIE, AT —9RD60 MEDEDRZLZOHEABEDMENFHEE DT,

CNBHN, RNZRD MIVEREREBEET IV (KDR, 2008) (CKBIERH/NIARD MLEHBRUZ. X9
BOMEBE AT —/VESRMUEOE (CHEERELNNERT S, BSER(DED LHEERERER
(X¥)IIBE) N9 S, FOMERESENEO LICHE=LHNSELREOIMBNES 2T S M)
R—EBERME ] O, $LUZ0IEOMIR(ICKFNINSD. COMEBEBESICMIGL T, EBHRH/NVIRD LU
BL T MIN—BRIE OtgTIHzZUATICE—0& /S, ZNLUADIE THERREFEICHEBELE -2
EREEVEDNRZL. BEETIVIEK-NET, Kik-netd LURKFOERAZFEE AV CHEENTON TS
N, BRREESIOEFEICCNSDEARNASEIIBEICE, ERAEESTDIRD MUSH(SEHEREEET
TIVCHIRERBATIAE TH D, 22U, KB)IIBE D23 ME TE P rEmE s B I L AH S EARRE S
nren, ZBMBORETHIUREMESDBEENMNETHSD. SBENSDT—IERIL, EEBETT
IWEEBIETDFECHD.

BE KO BEREIESH S GEHREERICEERAREESRY ND—0NT—FZECRHEET T L. PR
ROT—5=EFERLEI L. T, AARIXERIZEAERE MBI - AFELKEE (K9TE - BhkEkES
HER) (CHITRELRLAEER (FHR26~28FEE) | 0—EBELTEmBLELE.

F—T—FR I HNZRD ~Jbe RINZRD b, 3RTGEREBEEET IV
Keywords: H/V spectral ratio, R/V spectral ratio, three-dimensional velocity structure model
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Estimation of Subsurface Structure Using Receiver Function at Seismograph Observatory Site
in Tottori Prefecture
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ENETEMI DS XND1943FEBRGHE, 2000 SRRAMMENEEL THD, MWRESHOFE(C L DIMER
EOHEERBREINTUSD. AAETE, BEREARADESRISOMELRENSTBSNEL Y —/N\—B% (%
05, 2015) &AVT, BEEFEEICLZIREBHBRESTIL (OS5, 2014) , BEOFESRMEESTIL (BEY
B, 2005) HKVI-SHISOMBET I EEE(CHMBEEDHTEETOL. BNFIEE L TIE, FTFMEDRIC
EBLY—N—FBEMEBREOMBBEETILD/ISA—FCLBPS-PREEAEHRL, BEERABIDI LICEK
DEEEITOZ. RICBEFEDIMEESE T ILH SHaskellV R WO XCED S TRTERFICED LY —/N\—F8
WEKRS, BABEOL Y —N—BEHREERL, MEN—HIT LD ICRTHERTHBBENET Y VI &SRS
Iz.
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Exploration of Underground Structure and Analysis of Seismic data in Central Area of
Tottori Prefecture
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SRR T, 1983FEM6. 20MEAREL, EEHEFDICZOMECLIHEENERSEINTNS. &
FRECERET2015F108 £ 128 (M0 S X TRABEAOHMENI TR F(CARIREL TUVS. AR TIEE
S DBEIRE], —8E, BEMESAICHSVWTHEIS LUENRAEICLDIMTEEREEZTOC. &

Jz, 20155 (CHE Uit ERICEREEI CRESFAIRDFRECLSREGANETL), BARICERRETN
TLBEESOMERRE CE(CT—FDNBBENHET O, MTEBEREDER, MRMBOSEREEES
BFIUHWEH/NVOSIRER, ENERECLIEBBEER/SICEMUEREZ. T, MEBROIHICL DKM
ROMEEEDRBEIBET S EMNTER.

F—O—RHTTES. VIERE. HERR. REURPER
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Estimation of Rayleigh Wave Phase Velocities around the Beppu Bay Area using Long-period
Volcanic Signals
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BIRFES K OBEEHIS(C S+ REBIEREE T ILORIEZE BN E LT, 2014F88 K OBEORERE1 2R (CLFE
Bt = EBRAL, MEES LUHEIDERERZEERML CTL\D (MEA - i, 2015FFEGXR) . HARDHK
B (FERERHC, MEFRLOAXOBIZERREE 95N LMEORERME (e.g. Kaneshima et al., 1996,
Science) MERILLTHD [ZRM - fitl (2015FFEEKRER) ; WEFE - fttl (2015FEEKER) 1, REAMETES
SNITREERICEVWTEINBULEICDE > THBRE I FTILREI SN TULS. 8RISNZEI T FILDOY
#HE LT, (1) 0.06-0.12Hz (JEHAS-16%Y) MEIKMFEICHS OV THRICEAIND &, (2)KFEERD(CLE
RTEFTHRDDREDBEECRSNDCE, (3)RayleighiEDEEFERI C &, WIGEBEE(IW3. 2kn/sTH
BCENREFOEND. ABRAWTRE SN ERMENIREEZ AV ZHERTSEWETE, RASEREOESE
0. 2HzZU T OEBEREERICH (TEDT Y — VEHOMEARETH D NS (MEA - i, 2015FHMER

R) , KDLEVERBHEEICS TEIRERODBMEEBRI ZLHOFERELTCOITIFIVICEBLE. &
F, FERLPRAONSEIFRFEE TOERM (50-100kn) (CHEARTHAICEVVERRIRMEERHREZE I SER=RT
15 ZREL, BEELI IO FIVARSN D ETEMD OZEERFE(CH L T0.05-0.12HzDEEEINTO.001HZE(C
BBEFEEI LI ZEMUE. €U TCQUIROREOMBEZE & 2T F LD AGA{RLK DRayleighlRDAIRERE & #
EL, BEOHEREEBSETT IV SBETNIERIEENRE DR ET oz, HESNUMBRE(EZ
<OERARRTPTHHMEEBELTED, 0.06-0.08Hz0FEKICH (T DEFEME (3.4-3.6km/s) (FILBDOMHRREE
E7J)U (Nihsida et al., 2008, JGR) N\SBSNBERBEL AN THSD. —7, 0. HZEIE TIFEEME(CH
HBHMRESNS. T, —BOERIRART7 TIE0. HRIBICHS VW THEE S IERENTEHL CTHD, BFLEY
TFILOAFBUMNEERLOBAENG L TOWEWEREHEREBINDS. BEOHES 7L 718E (F§

8 - fth, 2015FMEFR) & DESMORSROFESHREET T IVICE D < REABRMEIOERKE & DR E
IDCET, HEBOHZYUMERTTITINENRDSD.

HE AR, NERFAEER MR- AFILKER (KOTE - BmkEHEFRER) (CH(T3ERNIHR
BEHE (FER26~28FE) | O—RELTEmMLEI L.

F—OU—F R, REHRME. (IHEEE. Rayleighi
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A method for constructing seismic velocity structure model for long-period ground motion
evaluation - utilization of Rayleigh-wave dispersion information -
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[FU®IC

EEB (Cd (T EHEHH LU LEOREHRMMEEBOFHED 2 0 (C (FRERERBR MO BEBULME R REBS T T LR
WMEBTHD. I, Yoshimoto and Takemura (2014) (C & D AEBRAMANTIIHERBBNSKEE DINERLHEE
EIL3ZHET )L (Ravve and Koren 2006) (CKDIATED C ENIER I N, Takemura et al. (2015) (£ &K
DZNETIVEFEENRBRMESFOTIMCBN TH DI ENRI N, KAETIE, COEFTIVEFEEICE
0%, REABMESHO 7L BT EHMEN 7 L TEBAHNSESNB L 1) —HO2EIFEZ AL\ e REHRNES
SN IZOOEBM TEEETIVOBRERSEZRRL, ZTOEAUEHET X LR LE.

BRI TEETTILOBESE

EZMTEEETILOBRICHIZD, L7 —KOMEREICRET 3iEHRE, RAHEF (6-8WEE) TIaZE
ERERARCTESONCRBABMESNRED 7L r#nH S, BEETE (1-3MWEE) TEHEh7Lr8RlcZ
DT —IEFEHNSFETEIENERETSD. BRUIEHETIV (BH : hROSHERE, SHEEDESH
MAADEER, SHEREMHEBEBAORAIEAE) (I, HEBRAOSKRENRAIBAEE MEERDSERE(C
BEETDCET, 12BHMETIVICEMETES. IS(CEBEBEPEREESHEE L DEBRINSIRET DL
T, L1Y—KOMREREDIEISEE RE (AT DB DS RREEEDTEFETSE, 2Z2HOITY v R
Y —FICLDRETFMCERCETARELD.

BIET X OISR

EROBENFLEORAUE M BHICHET X ~EREL 2. BRERHOIMTEE (LUK 2004) =5
ZAREFIVELT, EOREDOL 7Y —HEOMEREDBRAFBETENE, HBEBOMERRERSSE R
[CHHEETETDIONANTZ. BIEMIC(E, EREOBRNARERET CIZER6, 7, SWTHRATE L, &
BB TEEEE, 2, 3 OS5 DOMNIRH>THATEIETNDE L. RTEBEBEFTOL 1) —ROMEERE
[CDUL\TIdHerrmann (2013) (C&K>TEHE L 1.

BRRTSHEET X ~OBER, RAPFEOBRL (T TCRZENICHERREBSEEETETHEVR, BAHEEDS
SH(CHROSERE (CREOEVVERIROMMEREZFNEATENSL, EFIVWIISAIE-™ICHITIERES
(CHRSBEFNR/IVMERREN, ZEL CHERREBEEHETCET S /DM >z, COBRIE, REAHM
EEREOT7 LB THEON3 L1 —KOMUMERE DOBRICLEAIRBEOHEN 7 L T BRITE 5N DB
WEBMIDCEI(CKD, RAROEBAFEERVT, RAPMEESFMOIZONOERMTEETTILER
BTITIEEHETRIENTHS.

FREKXCINMBEREDAEMBICIRENREAT IBEDERITOREMLLE (CDVWTHULLEHRATS.

F—-DO—F  REABAMESR. HEEEBE. LUK, ERE
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Estimation of 3D S-wave velocity model of sedimentary layers in Kanto area, using
microtremor array measurements
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1. FUSIC

PrsRIR (S, HEEUOFMENREEZR LI ESENT. CNFITICEAREMITICH O\ TERER - R HS A
EFIOERICERDBATETNS s COMBETIVEBET B/26. 20094 ~20155 (2 HM T TEISE M
DFMECH VT, HEHFE (Pl - BR - BT L) EBEICERBL TSR, £REFN(2015)7

(& 2014FEB I TICEML TSR0 DOMEN 7 L 1. #5000 S D/ L MENEERR L ELRE
AUCBENMBETILEF1—ZVT L. RREHFBTL S,

COETFTIVHL T2 FEE(CEML UIeMEaEAT—YZMR CES(cFa—ZV Izl BERMEEED
HBEETIVICDVTIESHTUNS (FRIFN(2016) XAKXEHKK) o CCTlE. AROFT—IH KLUV, BHXER
AOWEN T —IR—XZFCERINTLSETDESOHIZERMESIH CTOME 7 L T BEDBR(ICOVWTHS
EEGH

2. WELTREICDVT

PRI CEIME U TCMBER(CH (T IWME 7 L rHREI SN TIC. BEEEMIZTEEOFHER(C H 0\ THISkmiE
EOHERT. MESAMRMMREZOIMMRTERL TULS, BRRLETZLTOXRES(E. TENER
HUBURES -7 v L& LT, #R100~400m(—ER4 R80T HEBAEEM) D E=AFET7 L 1 HLULE
7SmOLERIE UTz, FREBRIC(FIU210. JU215(BILITEAER) S LU 7 L+ D—EBT(FVSE-1506 (R RIIRAE
&RV,

FIESHREBEL. MET7 L rRAICK D THOSNMERE(ICH L T, MERBRODR/NIRI ML (F2ld
WENEROHNI RO ML) BEHE. Ia1 Vb1 YNR—TI3 VL >TRD,
HH. BEOHBRENEMS NMBERDARINTVZ VRS TIE. ZOBHEME 7 L -+ DAARRE & AH
RCOEATHESNIAMERE EEESL T, REBREICERLR,

3. FEH

CORBRICH U TEDMEFEAVWTRIELUBR. ME7 L rEREBECBEGLRICED., KRS, 1LhERE DRFRA
e FHERD350~900m/sSTEE DHIRERE (0.5~ 3HZEE D EIREF (CHIG) MR E < HE I NI C ENRERT
Gy
S#ld. AEMEOMBESILOBEZSSICALEIED L (S BEMEICH V) TEERMIRERKICHES
HERE T IILDOIERICEDHHA TOS FETH Do
S

AL, BERIZEM - 7/ R—2 3 VREDSIP (BN JR—I3VEARETOTS L) TLY

DI YRR - BsspEmsah] (BEEA 1 IST) [CL>TEESNF LI, Fle. BERRERZERT
VI —DEAREERLD. BET7 LT —SDRHEBEZTILZCEICERHLETI,
Z2Z )

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

2) S5 - #2LEH\(2015) ; BEERMISICH (T SHEERRACE D < SEHREBEDHTE S BT VOB, Y
REFRB133MAMAETRE, p.58-61.

3) MfE - 5HA(2002) ; BERFEHEOFRS TEEOREZ BN E U HEaRERZOERY — 5 E R tEn =
RICSEIREEE DHERE —, BUTSURI-TANSA, Vol.55, No.2, pp.127-143.
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Improvement of shallow subsurface structure models based on miniature and irregular array
microtremor observations in Kanto Area
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EXMEICIBIEEREETS LT, LEICHTILFHOMETIFEERER<FHMAICEELSCITBCL
FEETHD. ZOEHICE, DEESINEHBETIVOBRAEELREND—DOTHD.

PSSR CIECNZ TIC, [LHEE(0. THZ~10HZE ) DI ESIFU A U CE D LSBT ILEBEIT S/
&, FFICREBEREBMERONT (CHEDH DA (0.5~2.0 7)) OMEFHESIFHHAIT S LTEELEML
BR—VITFT—IELUOMHET—5 (E(CHEMERRIT—5) BIEL, EI - FEHER/S UIiRET )L
EERLTETCVS. BT, BHSRIIACE, WBIRSIP TLIYU Iy MERESS - Bissksaenabl n® I 7L
B LEEHTE - SERBIRUEE - 9% - MERY T LER] DT —VYD1DTHD MMEHESHTEDZHODI
TEEETILOBE] (CHUVT, BE - BEESOLETRETIVOBREERML TLS.

AR TIE, SIPEHEE U T014EEEBENS2015FEE (Cl)\ - RIRE 77 L+ HENVERI = =ML 1B 18602 %
MRELT, - RERE 7 L7 HENERRIEERN 5B S5 N D URTSERERIEC LRIt R EEERTEZ L)
T, BEOR—Y VIFT—5PXREMEBERICESVOTERS NIZABHMEETILOIEEEITL, Heitig(c
BIIZDEFHHBEFTIVLOBEERHFD. C TS, X2 - FHRHESHMBEETILOBREZBE(ICIEX TL)
BCEEBT R, REBS LOFESMROBBERKICHALT S EEX 5N TEZNEREED
(Vs300m/s~500m/sBIEZE) DREBEICEB LRIETS.

2. BT L EER

BREHEERICDUVTIE, BERMEOE(CEM - BHICHNT, 7L 7#F60em O [N\ L

1, Im~10mD 3 SARBAITZ L7 EEELTUVD. BNTFLAEIOIRRMRAUTLrE8RETEC, NE
EOMEERIS (K-NET, KiK-net, SK-NET S KXURRT) FE G THS, 000 (20165F281RE) (CHWVT
EMELR. SR E U TIE, —AREIEMEIEIIEMIU210, V2158 K TIU410 (FILTEAS) "ER0
T, #1~2km AR CHRMERISPEOERNZET o2, Tz, YUY U ITEREIZ100HzE L <(3200Hz & L
z.

3. XIS REMS DT F A

ARETE, SEEOHE I TRR - BELTNTUV IHEERICED CEEMBEEFEICLD, TRTSK
FREBSEOEMETD. BTIHaEfEnyY J~ MBID0] SEHVT, UTOFIETTS.

(1) DEHIRD KUH/NVIRD LILLEDBEENERT, FPED

(2) AVS30ZE IR DM

(3) DEHROEEEZE (Simple Profiling Method ; SPM)

(4) HNZ RO S ILLEDFRER RS

(5) 552 (Simple Inversion Method ; SIM) ZE(DERHFTANLIE
BlEICXDEBESNBTRTSHKREBSECLRITSKREBENTE(C T, BEOVIHMEETILELE - 53Uk
LT, BEBEIGUREBEETD.

(6) Vs350d K UVs500_EESFE DY

4., FEH

AR TIE, ERMEOEE LU TEM - SHICH(FBMNT7 L HEERTHESNET—S(ICEDVT, 1Rt
SEHREBECLRTSHREBENTEZHTE L T, YXMRICH(FTIBRFONEHMEETILELE - RsgLet
TEYICIEET S, B(C, TEMEREED (Vs300m/s~500m/sBRE) (CEBULIESNBRETILOSEL
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1) LRERE, BRRLT, BERESRNY —IVORK ZD1-BRMHENEENTY —IU-, BEXERZRANRErRREE
£, 313, 2008.

2) REBX, ZH=E, BBHE=, N7 L7 (CL3FHLVHEREE, ZEBRTS S KRR DOEERE, Y
PRE, 61(6), 457-468, 2008.

3) Cho, I., S. Senna, and H. Fujiwara, Miniature array analysis of microtremors, Geophysics, 78,
KS13-KS23, doi:10.1190/9e02012-0248.1, 2013.

4) RESK, KREM, BRILT, MEIOH/N IRD MVZEBOESKRERAEGOBEEDIRE, £129 @9
BREFRFINAES, P-4, 2013.

5) KREM, REPK, BRLT, BRHEIEHAVCIBNBEESREDSEICDOVT, VEBREZRHE130
[OZAANTER8EREm &R, 43-46, 2014,
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BEOWENRE (S V5 LMIEKE. MBRETIVERE ULRENEEEMENRT. SRIMENKE) 2RV T
ZNZMNHorizontal-to-Vertical Spectral Ratio (HVSR)EEMEEFRMEDBRETMELZ, FAREDES
MEDFFE(C (&, Kolmogorov-Smirnov (KS) #REDMETEEMBEE DIBZEE U TRV, S V5 LMEKERL)
JEHVSREED = 2L —2 3 VIC L > T, MEIDKDERABEDIENKE (FNUTKEWVIFEHVSRIFFAMICHA
A< CEMRETNIZ, TEDE. FRMEDTRBEE IHMBEDKENGZICIKEFT B, RENSEIEMENRA K OEE
WENKEEZE AW TERRIEZIRD LIV A S X =S DEHFENDE THVIRT MVEHE L& C 3. HSRDHE
ENEDZAREBNI000DEF (C(FIDDEIREMT.5~6 SDEHEICADC ENRINIT, CDEEICIFFRHDIHEETRY
BEMORERSINDIDT. COESDETOHFTIAHMDEEARESHEEFENDDES., ULOBREF. BED
WENCIIEAR A+ CKEVZEDDD FRI LD SMENDHVSRE Ff & DFEsEE (FHEE L < [EFZNUTT
HBdC . DOEBHSEPESEREDBREIHENDKDERAGEADRDPLZDRES S (CKFT SHREERD
dceEmRLTULS,
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Microtremor chain array survey across the abnormal damaged zone of the 1946 Nankai
Earthquake in the northern part of the Izumo Plain, Taisha-cho, Izumo City, Shimane
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Estimation of Bogota (Colombia) basin velocity model from microtremors array measurements
for strong motion simulations
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Bogota a megacity with almost 8 million inhabitants is prone to a significant earthquake hazard due
to nearby active faults as well as subduction megathrust earthquakes. The city has been severely
affected by many historical earthquakes in the last 500 years, reaching MM intensities of 8 or more
in Bogota. The city is also located at a large lacustrine basin composed of extremely soft soils
which may strongly amplify the ground shaking from earthquakes. The basin extends aproximately 40
km from North to South, is bounded by the Andes range to the East and South, and sharply deepens
towards the West of Bogota. The city has been the subject of multiple microzonations studies which
have contributed to gain a good knowledge on the geotechnical zonation of the city and tectonic
setting of the region. In order to construct a detailed velocity model of the basin we conducted 68
small to medium size microtremors arrays measurements (radius from 60 cm to 50 m) at 26 sites
within the city, and two large arrays measurements at the central part of the basin (radius of 500
m and 1000 m). We calculated dispersion curves and inferred velocity profiles at all the sites. Our
velocity profiles for the shallower sediments are characterized by a wide variability in Vs30 whose
values range from 82 ~ 150 m/s in the northern and central part of the basin, and 120 ~390 m/s in
the southern part. Our velocity models reached values of Vs=2000 m/s at a 2 km depth at the central
part of the basin, but previous models suggest that the basin depth may largely increase further
west. Our preliminar results indicate a sharp boundary in shallow S wave velocities between very
soft sediments North of the basin and harder sediments to the South. This striking difference
appears to have a strong correlation with the very large water content of the shallower soils
(clays and silts) to the North as compared to the small water content of soils (gravels and sands)
to the South. Our initial results indicate the need of denser microtremors measurements within the
city by including large arrays that allow to characterize in detail the geometry of the basin
depth.
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The strong resemblance between Fourier Spectrum and Phase difference Spectrum of the
Seismic Wave.(Science of Form)
The strong resemblance between Fourier Spectrum and Phase difference Spectrum of the
Seismic Wave.(Science of Form)
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1.The phase difference Spectrum and The Phase Wave of the seismic wave.

Fig-(1). Show “The relationship between the phase difference spectrum and the phase wave”. Please
refer to reference (3). Find the phase difference Spectrum from the phase wave on the right -hand
side, the peak position and added an expanse state of Spectrum are in perfect harmony accord. In
short (in other words), in case of the frequency of the phase wave is high, the shape of the normal
distribution of the phase difference spectrum is build up sharp. And in the case of large frequency
get a flat normal distribution of spectrum. This phenomena stand up all right frequency is high or
low. Of course this phenomena is reversible was stated reference (3).

I shall state a next item 2, the seismic wave and this phase wave should be a one-to-one relation.
And still more the Fourier spectrum of the seismic wave and the phase difference Spectrum should be
a one-to-one relation.
2.The Fourier Spectrum and the normal distribution of seismic wave.

We think that the case of the epicenter length is becoming shorter little by little. The large
epicenter length to get along with, the seismic wave energy is dispersed in every direction and
still more had died out. As a result, the shape of the Fourier spectrum don’t become a hill shape
and happened occasionally a pointed shape. The shorter epicenter length to get along with, the
shape of the Fourier spectrum of seismic wave is formed a hill and soon are considered the shape of
the normal distribution.

Reference. “Earthquake” written by Seismologist KIYOO Wadachi. The Chuukou Library. (A pocket
edition) 1933 and 1993(reprint) p.99

“In the near area to the epicenter, the earthquake have very sharp motion. In many case, intense
vertical motion happens in the early shocks of an earthquake. The longer the epicenter length
little by little, vibration of seismic wave become slow little by little and becomes superior in a
horizontal vibration.”

The shape of this normal distribution has flat hill and besides has large frequency of the peak of
the hill. But get shorter little by little, the shape of the normal distribution (or Bell type)
becomes sharp and becomes short frequency.

Moreover make the short epicenter length, we shall study the normal distribution theory (Gaussian
distribution, Mt.Fuji-type or Bell type) of probability and statics.

In the reference (4), I have explained the KdV equation.(literature (3),(4))

Abstract

1. The shorter epicenter length shorter, the shape of the normal distribution becomes sharp. And
this frequency too becomes small. The case of the epicenter length is large, the normal
distribution of spectrum of seismic wave was not build up. Only build up a scattered peak.

2. On the case of the phase wave and the phase difference spectrum, the same phenomenon too come
into being.

Reference
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