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Velocity waveforms at IWTH25 and IWTH26 (Red: obs., Black: syn.)
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ENRETNTUL S (Somerville,2003). ENTE199FRERFEEPMELRE, M0 S X ORBEMFRAIMENEE
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A study on spatial variations of Qs-value caused by differences of propagation pass.
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Strong motions are expressed simply as products of source, pass, and site factors in the frequency
domain. Researchers have been developing the prediction methods by evaluating these factors. The
property of S-wave attenuation (Qs) is one of the most important factors for strong motions,
because the amplitudes of strong motions change depended on Qs dramatically.

Iwata & Irikura (1986) introduced spectral inversion method which was able to estimate the source,
pass, and site factor from strong motion records (e.g., K-NET or KiK-net managed by National
Research Institute for Earthquake Science and Disaster Prevention (NIED)). This method gives us
important knowledge about mechanisms and properties of strong motions. Nakano et al. (2015)
performed spectral inversion methods to 6 regions of Japan, and obtained the source, pass, and site
factors at each region by using the enormous amount of data (from 1996 to 2011). Please note that
the values estimated by this method are just average values of target regions and assumed
parameters.

On the other hand, we know the way to investigate Qs-value directly in the any area. That is
called twofold spectral ratio method (TSRM) is provided by Matsuzawa et al. (1989). Kato (1999)
assumed geometric spreading factor n was 1.04 (=constant) in the same manner as Ibanez et al.
(1993), and applied TSRM to southern Kyushu region to evaluate Qs by crustal earthquakes. Izutani
(2000), Izutani & Ikegaya (2002) and Maeda & Sasatani (2006) shows that Qs would be change in the
space of regions. Noda et al., (2010) reports the probability of differences of Qs based on
epicentral distance in the Kashiwazaki and adjacent region. Their studies suggest that we have to
pay attention to select the appropriate propagation pass (in brief, it is earthquake-site pairs).

From the above, we investigate the effect of the difference of propagation pass has on evaluations
of Qs. We performed TSRM to southern Kyushu and Hokkaido region in Japan. We were interested in the
changes of Qs in the space of regions, so we needed comparison our results to previous studies. We
used the strong motion records of K-NET and KiK-net provided by NIED. The Fourier spectra were
calculated from the acceleration of strong motion records (0.1-20 Hz in frequency domain). We used
taper window (0.4Hz) to smoothen Fourier spectra.

We obtain Qs-values depended on frequencies are comparable to ones estimated by spectral inversion
methods (e.g., Kato, 1999; Nakano et al., 2015) at Kyushu and Hokkaido region. However those are
different by each propagation pass. It would be supported previous studies. The results bring about
the useful knowledge to configure Qs-value for strong motion predictions.

Such studies are depended on density of observation points and amount of data. We would continue
to study about spatial variations of Qs-values, by increasing the amount of data and dividing the
area (or depth) finely.

Acknowledgements: We used the strong motion records provided by National Research Institute for
Earthquake Science and Disaster Prevention (NIED) in this study. We gratefully appreciated it.
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Shallow subsurface structure estimated from dense aftershock records and microtremor
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01MERIGMA KT FFME(CH LT, RiGMANSEERMA(CHFTTHERANT(EH D HMEEIC KL DHEEN
HEELTULD. ZN055, MEEBCLDIHENBEE CH O>IEBREXIBHHI/IIMXICEE TS (Goto and
Morikawa, 2012) . K-NETE)IIERRIR & QRTH)ERAR TE/ONTZAEBRRIE, ZDHEIRD MVREER
EEMEOHEEEF[IRAEELR, PKIUIREBEERICUTULWDCENS, IEFHRIOEENKTVEEZS
N3N, BEHBLHEET.0 x 0.5km” OHEIHICEFLTULE.

COEHREIEIEI 326, Goto et al.(2012) (FREFRESNIRE LEMXCERALRZ (H)IeREEE R
Ry kD=2 tFuSeN) . AERABII0ZEX MBS TEBRINTS D, HARERESEZ10mEIFEICE
BTHDCENFHTHD. BAESINITHERLROPCA, HXIUPHNDOETHELBVERNDE, WEDKE

M D JZHIE TPGAPPAV K E L ERBAIT NS C EMBHASHELDZ (Goto et al., 2012). COERMNXEMEE
BEDEVICEIBIENEREL, RETREAVCERBHEBEDETILEAREES (2013) (CXO>TEHS
Nz, ZOFBR, EOER LB TRENEVC EMERINTLS.

a5 (2013) (FEASREO IR RVLLICEDWTETILEBELZD, BNNEREETILOEVNULHK
BRENTULEL., MXT, HWEEARO T —ILTUNETIMES NV Z6, TCRIBKRE(CERIEMN
Holz. TCT, BEREHEOBSER, PL—8ACL>TEHRREEH TR E, FLUSHEEBEDIE
BATONZ. AR, ERMENIERGRE KL CTH)IIMXOXEHRETILVEXNRIZIENTHS. B
FINCET I ERAVTCEMOSHRDZERBZE XS, AEEXBEEICZOFIHEZSTELIZECS, 2-4HzDF
PEHENE VLS E ESERENBEZE TH > ITEE KV ZER U,

— BENHER
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Sawada, S., and Zerva, A., 2012, Very dense seismic array observations in Furukawa district, Japan:
Seism. Res. Lett., 83, 765-774.
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Sawada, S., and Zerva, A., 2013, Shallow subsurface model at Furukawa district based on very dense
seismic array observations, Journal of JSCE A1, 69, I_758-766 (Japanese with English abstract).
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It is very important to know the causes of anomaly of damage distribution by an earthquake. This
may be occurred by the differences of structural strengths, ground motions, and so on. After the
2011 off the Pacific coast of Tohoku earthquake, we have found the typical examples on this problem
at Furukawa district, Miyagi, Japan. To make clear this, we have installed very dense seismic
observation network into Furukawa, which is named Furukawa Seismic Network (FuSeN) (Goto et al.
2012), and carried out microtremor survey around the area. Goto et al. (2016) proposed a detailed
model of velocity structure for Furukawa using the observed data of earthquakes and microtremors.

We have applied the model of velocity structure and calculated numerically the dynamic responses by
the soft soil sediments, which are shallower layers than engineering-base layer. Although the
target area is only about 1.5 x 1.5 km, the responses in the frequency range between 1 to 2 Hz
differ according to location in the area. The transfer functions from engineering base to surface
for linear response at typical two sites, where F14 and F17 are located in severely damaged and in
the area without any damages, respectively. In this case, F17 is about 1.1 times larger than F14.
On the other hand, the amplitudes of transfer function at F14 is about 1.5 times larger than F17 in
average for non-linear responses, in the frequency range between 1 to 2 Hz. Figure shows the
transfer function for non-linear response at sites F14 and F17.

Generally speaking, the predominant frequencies are around 1 to 2 Hz for typical wooden structures
in Japan. This suggests that the small differences of velocity structures of ground cause the large
differences of structural damage and the non-linear responses of soft soils play very important
roles at the target area.

References:
Goto et al., Very dense seismic array observations in Furukawa district, Japan, Seism. Res. Lett.,

83, 765-774.
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Keywords: seismic response of soft soil, transfer function, non-linear response
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Detecting temporal changes in shallow subsurface structures by using K-NET data
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19964F6 8 (B ZRAtE U 2B SR 2 M SR D EEMER v =D —OK-NET(E, ZDEN20FRMICRELT
BWEOMEICN U TEELBREBETRLDIFITE 2. CN5DT—5F, ERERE, KEGEERE, it
BEGOME, HME/N\Y— RO, BEVDOMEBRALERLALENICRATINTUNS. AKKTIE, M
BEOMENDOEDELT, K-NETF—SZFAL TREMEBBEDREECEEE LBRICOVTEBNT
3. BE, XEMEESEORBEEEOBECE, KiK-netDXSHERTPR—ILCORAZTRNABENTHS. LH
U, K-NETO K STEHMIREFARDEBRNDEFIH AT, ZOLOHBERESFIAMAIBICEMNEFNTLEZ. Z
C T, BB AhED J— S KEROBE SHEEREE (ACF) ZAVT, XEPMBOMEREREZEHTET D
FERERELURZ (Nakahara, 2015) . COFEDHTEREFHHERTVENDD, TNEBIX DIASTLMER
BREZLIIEBRICRERIEETH D&, 01MFRIGMAXFEFPMECH L TRUE.

T — IR

FETIC(1E, REAOXEFR (FEHRHNSTEET) [CHBK-NETERAROT—SEFEA L. 2009F18H5
01MENHOHBRBICERBAKRFEEHRDRET20-60kmTHRE LM O TOMEERVT, KFEENHDDEEHFEE
FERICERLUR. 201ME3ANBORIGA X FHEDNR(L, REPHFRIMERENERT, J—FZHL)
i TEENERORRET Y TY VTEEELDEL. —A T, AEAISIHEFEINMEL. BBF(C(E1-20Hz0
HBEHICHFBSTI—FFEAL, BEESKERD.MEDORZNS10.24MEOREARE 1T DTS LEMS20{E
ED, BRARBCEIEBEEINEAFESEL, BEBICIRTOREROBEREES L. SWEICNTIER
ZRAEIEICESN, ACFICEIEARRSNSINEGRR LUz, XEMBEEDOELICER I BZHIC, ACFDSTS
TLRTsUTOITzrX(CEBLE.

=R

T—OEAOBR, RIOSARNOZ T, RIAKXEFAtEDFRERE TCACFOLMENRELLTULSC
e Nz, BEMICE, REOFEEICHV, ACFOMAELRBESHNCEBNTVS. JI11XNENE EEMN
([ERHBIzHIC, REFIDOMEDAFEIRTEGLIZENEREACFE L, MEHICHEINZACFE A

T, XL wF T3 (Sens-Schoenfelder and Wegler, 2006) (CEDTMERERENEREKXRDHIZ. BX
DREETRIMREREDEE L DM, RICEFRKI0-50%EBEELIRERSNE. CORISAEE
BHBTEEIZIRAREH DN, HELO>TERRCREEBLELVEINREHS. 10%EREEDASTILEE
BPERNLEREEREVCEEER DL, BARETCTOBERCLDITIS Y IDERPILARERTH
BS5EHBRLUTUVSD. LHEMBAINSEARTIE, FALUZEARSEOMERIFERLTCLI >EERS

h, BREUMERREZ(CERHTELEN .

FEH
D O — SREEROACFE BT, RAARKXFEFAROK-NETERIRE T OXERNER (C 5 (T S MERRE

MW, 20MERICM AR FHE(CH OTELLIZC L EREB L. MEBODERL(ITELS, HHAHNSH
FRICD> THERREDB TR I SCENHS. cOHCLlF, REXFBVIKEBRCEETSIEX
HEICK U CIIBOMERI(C(IMBRFVI I THE I amREL, HE/N\Y—RFMCHZ > TEIRNRE
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Seismic Intensity Measurement by IT Kyoshin Seismometer and Strong Motion Accelerometer at
Campus Buildings
Seismic Intensity Measurement by IT Kyoshin Seismometer and Strong Motion Accelerometer at
Campus Buildings
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1.The University of Tokyo

Campus seismic observation of ground motions and building vibration is a useful tool to develop and
explorer the frontier research issues. At the University of Tokyo, a campus building observation
system of IT Kyoshin seismometers installed by Takano et al. (2004). The observed data are online
via campus intranet, and monitoring for building response and simplified seismic intensity
measurement are performed in real-time. At the Earthquake Research Institute of the University of
Tokyo, strong motion observation system at the three different types of buildings as well as ground
surface was deployed in 2005. The strong motion accelerometers are operated as a triggered system
and measurement capability is up to 2097 cm/s/s. The three types of buildings of the Earthquake
Research Institute composed a 7-story base-isolated RC building with a basement, a 6-story
retrofitted RC building with 2-story basement, and a 4-story steel framed building. For each
building, both the IT Kyoshin seismometers and strong motion accelerometers are installed at the
lowest and top floors. To estimate prompt seismic intensity just after the earthquake is quite
effective for evacuation and preparedness for the following disasters. We compare seismic intensity
measure by two different seismometers. Generally the intensity show the good agreement within a
difference of 0.3 in the Japan Meteorological Agency instrumental seismic intensity scale. However,
the lowest and top floors tend to larger and smaller seismic intensity for strong motion
accelerometers rather than IT Kyoshin seismometers, respectively. Takano and Ito (2010) already
confirmed the JMA instrumental seismic intensity observed at campus is a function of 1.029 x
-0.0092, where x is the simplified seismic intensity used in this study. We further investigate the
difference of azimuth and period dependency using ground and building motion time histories, and
design maximum and minimum ground motion levels of ground motion agreement.

F—"7—R ! Campus seismic observation. IT Kyoshin seismometer. Strong motion accelerometer
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