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The random ground-motion-prediction variability strongly influences the seismic hazard curve computation, in particular for
long return periods. One of the key challenges of seismology is to be able to calibrate and analyze the physical factors the
control the ground-motion variability. The exponential growth of seismological near-field records provides the opportunity to
separate the source, propagation, and site factors controlling the ground-motion variability (Al-Atik et al., 2010; Rodriguez et
al., 2011). Ground-motion variability is usually divided into between-events variability and within-event variability. We describe
and discuss some recent results and analysis performed on these two variability components. In a recent study (Rodrigue
Marek et al., 2013) we estimate the within-event variability for five databases from different regions worldwide (California,
Switzerland, Taiwan, Turkey, and Japan). We investigate the potential dependency of the within-event variability on region,
Vs30, distance and magnitude. The results show that the variability of the within-event variability across the different regions
is small when compared with the within-event standard deviation. In other words, the event-corrected single-station standar
deviation is remarkably stable across tectonic regions. Our results also suggest that moderate earthquakes are more variable
a given magnitude than large ones and that some stations are also showing larger variability of ground motions than other:
Our analysis of the between-event variability shows (Cotton et al., 2013) that the between-event ground-motion variability gives
an upper boundary to the earthquake stress-drop variability. This quantification of stress-drop variability offers a new way to
calibrate future earthquakes ground-motion simulations.

0 000 0O : strong-ground motion, seismic hazard, stress drop, variability
Keywords: strong-ground motion, seismic hazard, stress drop, variability
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Overview of the studies on bedrock depth distribution beneath Istanbul, Turkey by mi-
crotremor measurements

Oguz Ozel*
Oguz Ozel*

lstanbul University Engineering Faculty Geophysics
Lstanbul University Engineering Faculty Geophysics

On August 17, 1999, a devastating earthquake with a moment magnitude of Mw=7.4 struck the Kocaeli and Sakarya (Ada
pazari) provinces, and part of suburbs of Istanbul in the northwestern of Turkey, a very densely populated region in the industria
heartland of Turkey. This earthquake is considered to be the largest event to have devastated a modern, industrialized area sit
the 1923 Great Kanto earthquake. This earthquake caused about 30.000 losses of life and collapsed thousands of buildings. Th
total loss figure amounted to about $16 Billion. Following the losses during this large earthquake, there has been a broad reco
nition among Turkey governmental, non-governmental and academic organizations of the need for extensive response plannii
based on detailed risk analysis of likely seismic hazard, microzonation studies and ground-motion researches in Turkey, in gel
eral, and Istanbul particular. In this frame, several studies are performed to map the bedrock depth distribution in the west pa
of Istanbul. Local S-wave velocity-depth profiles and bedrock depth distribution are key factors in assessing seismic hazard an
earthquake ground motion characteristics since they allow determination of the amplification potential of geological formations
overlying bedrock. In a project supported by Istanbul University, S-wave velocity structure beneath the European side of Istanbu
is determined. One of the aims of the project is to improve the knowledge about the influence of local geology on the expecte
earthquake ground motion. In this project, both array measurements and single station microtremor measurements at 40 sites
conducted. In another study by Birgoren etal. 2009, an empirical relationship between the thickness of Tertiary?Quaternary set
iments overlying Palaeozoic bedrock and their resonance frequencies is calculated for the ?stanbul region and the bedrock dej
distribution beneath the city is presented. The bedrock distribution beneath populated areas of ?stanbul is obtained by applyir
the derived relationship from this study to 86 strong-motion sites, where the resonance frequencies are known. Picozzi etal. 200
have investigated the site characterization by seismic noise in Istanbul. Single station seismic noise measurements were carri
out at 192 sites in the western part of Istanbul, Turkey. This extensive survey allowed the fundamental resonance frequency ¢
the sedimentary cover to be mapped, and identify areas prone to site amplification. There sults obtained by this study are in goc
agreement with the geological distribution of sedimentary units, indicating a progressive decrease of the fundamental resonan
frequencies from the northeastern part, where the bedrock outcrops, towards the southwestern side, where a thickness of so
hundreds meters for the sedimentary cover is estimated. From these studies and the other studies, not mentioned here, the ¢
clusion is that the bedrock dips towards SW from NE and S-wave velocity structure shows the presence of strong impedanc
contrast being responsible of seismic ground motion amplification. On the other hand, the particular distribution of fundamen-
tal resonance frequencies indicates that local amplification of the ground motion might play a significant role in explaining the
anomalous damage distribution in the west part of Istanbul after the 17 August 1999 Kocaeli Earthquake.

O 0 00 0O : Earhquake disaster, Microtremor, Dominant frequency, Istanbul
Keywords: Earhquake disaster, Microtremor, Dominant frequency, Istanbul
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Relationship between damage ratios and ground motion characteristics during 2011 Tc

hoku Earthquake
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The relationship between ground motion indices, e.g., PGA, B@MISI, and three different building damage ratios, i.e.,
total collapse ratios(TCRs), collapse ratios(CRs) and damage ratios(DRs), were constructed for the 2011 off the Pacific coa
of Tohoku Earthquake. It was found that DRs relate better with ground motion indices than TCRs or CRs. It was also found
that PGA was sensitive to predominant period of velocity response spectrum. Large PGA was not related with high DR if the
predominant period is shorter than 0.4s or longer than 2.0s. However, the damage ratios are calculated based on an administrat
unit, large variability can be seen from the fragility curves. It is necessary to examine the variability of ground motions within a
small district, if the ground motions are estimated properly.

As the earthquake motions H/V can be represented theoretically, in proportional to the ratio of transfer functions between S
and P-wave, it has been suggested that H/V of earthquake motions can be used to determine the velocity structures. It implie
that the microtremor H/V can also be used to estimate the velocity structures at damaged sites, if the consistency of H/V spectr:
ratios between microtremors and earthquakes can be confirmed there. The ground motions at some damaged sites are estim:
by using the underground velocity structures inverted from the microtremor H/V spectra ratios. Then the estimated ground mo
tions are used to be related with damage ratios at the damaged sites.

ooooo:00000,H/vVOOOOOO,0000,0000000
Keywords: building damage ratio, H/V spectral ratio, velocity structure, estimated ground motions
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A method to construct subsurface structure model using microtremor, gravity and mag
netic data in the Tottori plain.
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Estimation of ground structure using gravity survey method around Furukawa, Japan, where was severely damaged by tt
2011 off the Pacific coast of Tohoku earthquake

SRIPUNYAPHIKHUP, Sakkrawitl, GOTO, Hiroyuki2, MORIKAWA, Hitoshil, INATANI, Masayuki2, OGURA, Yumiko1l,
TOKUE, Satoshil, ZHANG, Xinruil, HAMASAKI, shoheil, IWASAKI, Masahiro3, ARAKI, Masayuki4, SAWADA, Sumio2

1Tokyo Institute of Technology, 2Kyoto University, 30saki City Goverment, 4aLab Co.Ltd.

The 2011 off the Pacific coast of Tohoku earthquake caused vast damages to Japan, especially in the Northeastern part
country. Most of those damages came from the resulting Tsunami, some came from liquefaction, whereas only a few places we
damaged by earthquake ground motions.

Furukawa in Osaki city is one of a few places, where was severely damaged by ground motions. Nevertheless, the level c
damage to the structure within this town was totally different even the size of this town is not big, about 2km x 2km. In addition,
there are 2 seismometers installed in this town, which are JIMA-Furukawa and K-NET-MYGO0O06 stations. Although distance
between these 2 stations is about 1 kilometer, the velocity response spectrums of both seismometers were different about tv
times.

Therefore, investigation of ground structure is necessary. We carried out gravity survey in this town with the observation
interval less than a few hundred meters because there was an estimation of depth to the engineering bedrock in this area is ¢
than 50 meters. Moreover, we also carry out another observation using very dense sensors installed in this town to ensure tl
results of research. Within the area 2km x 2km, 34 sensors have been installed.

The Bouguer anomaly, as a result from gravity survey, has some significant variations in some places, which correspond t
the most severely damaged places. Furthermore, residual anomaly as extracted from regional anomaly also states the simi
fashion to both Bouguer anomaly and severe damaged places. Moreover, simulated 3-D map showing the altitude of baseme
or engineering bedrock with the density of 2.4 g/cm3, presents the variations of the depth in 2km x 2km with the maximum
different depth up to 67 meters.

These results from gravity survey are also corresponding to the latest result from very dense sensors project, which measur:
the arrival time of surface wave at every sensors from earthquake event on December 07, 2012 with epicenter off the Pacifi
coast.

Because the ground structure beneath this town is quite complicated and generate ground motions non-uniformly, so we wi
use receiver function analysis technique to supplement our study to better understand the characteristics of ground structure
this area.

Keywords: Furukawa, Osaki, Miyagi, 2011 Tohoku earthquake, gravity survey, ground structure, dense seismic array observatiol
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