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The nuclear power plant disaster accompanying a great earthquake and the plan to avc

the disaster
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Benchmark Tests for Strong Ground Motion Simulations (Part 6: Theoretical Methods,
Step 3 &4)
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Benchmark Tests for Strong Ground Motion Simulations (Part 7 : Numerical Methods,
Step 3 &4)
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Benchmark Tests for Strong Ground Motion Simulations (Part 8: Stochastic Green’s

Function Method, Step 3 & 4)
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Multi-GPU-accelerated simulation of seismic wave propagation for models with land-

ocean topography
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Accurate simulations of seismic wave propagation using the heterogeneous Earth model is essential in evaluating the stror
ground motions due to earthquakes. Recent study with realistic models of land topography and oceanic layer have been reveali
their effects on the seismic ground motions (e.g., Nakamura et al., AGU Fall Meeting, 2009). Thus the effects of the land-oceat
topography need be incorporated in the simulations and be studied further for better understanding of the ground motions. |
order to include those effects, we have recently proposed a unified approach (Takenaka, SEGJ 2009) to model structures wi
both the irregular free-surface (i.e., land topography) and the irregular water-solid interface (e.g., ocean bottom) in 3D seismi
modeling with the finite-difference method (FDM). The approach allows to incorporate the effect of land-ocean topography with
sufficient accuracy.

Thus, we implement the unified approach into multi-GPU finite-difference method (FDM) program. The GPUs are adopted
to accelerate the simulations because, not only the accuracy, but also the efficiency (performance) of the numerical method
important for the simulation of the seismic wave propagation. GPU (Graphics Processing Unit) is a remarkable device for its
many core architecture and for its high memory bandwidth. Recent GPU delivers extremely high computing performance (more
than one TFlops in single-precision arithmetic) at a reduced power and cost compared to conventional CPUs.

In this talk we present examples of the simulations by using the new TSUBAME-2.0 grid cluster in the Global Scientific
Information and Computing Center, Tokyo Institute of Technology. TSUBAME-2.0 is equipped with 4,224 NVIDIA M2050
GPUs and is ranked as world fourth fastest supercomputer in the recent TOP-500 list. Our MPI-parallel FDM program with the
three-dimensional domain decomposition have achieved a performance of about 42.7 TFlops by using 1,200 GPUs so far. Tt
weak scaling was nearly proportional to the number of the GPUs. We will also present some examples of visualization of the
wave propagation for realistic land-ocean model.

ooodo:GPUODDOODO,0D00,00,0000
Keywords: GPU, seismic wave propagation, finite-difference method, topography, ocean bottom topography



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SSS023-08 o0:0000a0 O0od:50 230 10:15-10:30

1000000000000000000000000
Low-frequency seismic wave simulation with tuned 1-D structure
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Spectral Amplification Factors for Long-Period (3 to 10 s) Ground Motions in and around

the Los Angeles Basin during the

00 O ', Erol Kalkar?
Ken Hatayam&, Erol Kalkar?

0000000000000, 2U.S. Geological Survey
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Mw7.2 El Mayor-Cucapah earthquake that occurred near the U.S.-Mexico border on April 4, 2010 is the first event providing
a number of high-quality recordings to study long-period (3 to 10 s) ground motion amplification in and around the Los Angeles
(LA) basin. In the LA basin, about 300 km away from the source, higher PGV values (* 0.1 m/s) of long-period ground motions
were observed relative to its surrounding area. By using more than 200 records from this event, spectral amplification factors ¢
long-period ground motions were evaluated in and around the LA basin with respect to reference hard-rock sites. The main ok
servations of this evaluation are the following: (1) Relative to the hard-rock reference sites, the maximum amplification is about
a factor of 5 at 8 and 10 s periods in the central part of the LA basin, where depths of Vs 3.2 km/s and Vs 2.8 km/s isosurface
according to the latest Southern California Earthquake Center Community Velocity Model (SCEC CVM-H 6.2) are correlated
strongly with the observed high amplification; (2) in the San Gabriel valley, located northeast of the LA basin, the maximum
amplification is about a factor of 3 at 8 s, and it is correlated well with the depth of Vs 1.5 km/s isosurface; (3) the largest ampli-
fication reached to a factor of 10 at the 6 s in the western part of the LA basin (Manhattan Beach), where the SCEC CVM-H 6.2
failed to provide the feature of the underground structures corresponding to the observed high amplification. The observations (:
and (2) mean that there is no single Vs isosurface that represents spatial variations of the long-period ground motion amplificatio
observed in and around the LA basin. Finally, we compared the spectral amplification factors from the observations with those
from the simulations using a simple point-source model and the SCEC CVM-H 6.2. Although the simulation results generally
agree with the observations for spatial variation of amplification factors at long periods over 8 s, they tend to overestimate the
intensity of amplification factors. Including Q-values and/or using detailed source model might improve the agreement betweer
simulations and observations.

O000D0:000000, Los Angeled] O, El Mayor-Cucapall O, 000 O
Keywords: long-period ground motions, Los Angeles basin, El Mayor-Cucapah earthquake, spectral amplification factors
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3-D underground structure model and simulation of seismic motions in the Mikawa area.
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Estimation of Rayleigh wave group velocity in the 1891 Nobi earthquake fault system

using seismic interferometry
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Figure 1. a) Attenuation model for acceleration response spectra proposed by Kanno et al. b) acceleration response spec
using observed records c) site effect correction factors

Seismic networks, such as KIK-net and Hi-net, provide valuable information for studies in engineering and seismology. Re-
search related to the site effect of strong ground motion attenuation use the soil information (especially those extracted fron
Vs30) of the stations. Many other studies have been concerned with Vs30 at K-NET stations assuming this is the paramete
that correlates with site effect. On the other hand, some networks (more than 1000 locations) that are operated by JMA or loc:
prefectural administrations do not have soil information. While Vs30 is debated as the correct factor to evaluate site effects, S
et al, (2010) have proposed an effective yet easy methodology to assess site effect in attenuation relationships. This correctit
factor (CF) for site effect is not a function of Vs30 but instead is dependent on previous recordings. It is calculated by employing
an average operator of the ratio of observed ground motion to a reference attenuation model. The advantage of the method is tt
the site effect can be estimate without soil information.

Kanno et al, (2006) proposed a standard attenuation relation considering acceleration response spectra for Japan. They u:
a CF function of Vs30 which were determined from KIK-net stations and summed these with spectral amplitudes in particular
frequencies. They applied the CF to their data and were able to reduce the standard error. We use this attenuation relationship
a reference model in our analysis. The method was tested in an area bounded by 133-135E longitude to 32-36N latitude in whic
152 K-NET stations are located. We focus on the Tottori region and have evaluated 46 crustal earthquakes>wit. Mk@m
over 7000 records we extracted 596 records that satisfied two criteria a) the stations were within 100 km hypocentral distanc
and b) the recorded seismic signal was larger than 10 gal.

The acceleration response spectra calculated attenuation model by Kanno et al, (2006) is shown in Figure 1a. Here, the K-NE
station SMNO016 with a Vs30 value of 259 m/s is given as an example. Figure 1b is acceleration response spectra estimated fro
13 events recorded at that station from 1997 to 2010. The coefficient factors are plotted in Figure 1c. We observed that the methc
gave sufficiently good results if there are adequate station records. We find good agreement between our results and previou:s
methods that use Vs30. Thus, the methodology used in this study is an alternative method for evaluating site effects to obtai
more reliable attenuation relationship models.

Sta, Mames SHMOAG / [132,8146 35,1957]

Recorded data 3 Kanno et al 2006 102 Ys30: 299 (n/s) 13 Events recorded
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Influence of super-shear on simulated near-source ground motion from the 1999 Izmi
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Influence of super-shear on simulated near-source ground motion from the 1999 Izmi

earthquake
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We numerically simulate seismic wave propagation from the 1999 Mw7.4 Izmit, Turkey, earthquake, using a 3D finite dif-
ference method based on published finite source models obtained by waveform inversions. This earthquake has been report
based on observations at the near-fault station SKR, as an example of super-shear rupture propagation towards the east. Althol
the modeled ground motion does show a characteristic Mach wave from the fault plane, it is difficult to identify any particular
effects in terms of peak ground velocity, an important parameter in earthquake engineering. This is because the fault spati
heterogeneity is strong enough to mask the properties of super-shear rupture, which has been reported through several numers
simulations mostly based on homogeneous fault conditions. This study demonstrates the importance of studying ground motior
for known earthquakes through numerical simulations based on finite-fault source models.

0 0 0 0O O : ground motion, super-shear rupture, Izmit earthquake, finite source models, finite difference simulation
Keywords: ground motion, super-shear rupture, Izmit earthquake, finite source models, finite difference simulation
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The 2007 Mw8.0 Pisco earthquake was a thrust event originating at the interface of the Nazca and South-American plate:
in a region slightly north of where the Nazca ridge encounters the trench and is being subducted beneath the Peru margin. Tl
source area of the Pisco earthquake was located 160 km south-east of Lima, off-shore of the Pisco city, in a region filling the ga
between the 1974, Mw8.0 Lima earthquake, and the 1996, Mw7.7 Nazca ridge earthquake. The source model of this earthqua
displays two distinct asperities, the first one located near the hypocenter at a depth of 39 km, and the second one located 60 k
to the South at a depth of 17km (Sladen et al., JGR, 2010). The source time function of this earthquake was also characterize
by two episodes of moment release, the first one at 10s and the second and largest one at 80s, separated by a very low appa
rupture velocity of 1.5 km/s. These features suggest that the earthquake may have been characterized by a delayed rupture
two isolated events, each with a conventional rupture velocity. Ground motions from this earthquake are also characterized b
two clear sub-events originating from each asperity, as can be observed from strong motion recordings of the mainshock at Lim
(NNA), and Parcona (PCN) stations. The acceleration waveform at PCN station, which is located above the source area of tt
earthquake, is characterized by an atypical pattern, namely that the peak amplitude corresponding to the first sub-event is mo
than 5 times larger than the peak amplitude from the second sub-event, despite the fact that the second sub-event has a mt
larger moment release and is located closer to PCN. To explain this unusual pattern one may think of large differences in th
propagation characteristics between asperities 1, 2 and PCN, or differences originating at the source. We may rule out the cont
bution of site-effects to explain this difference as we can assume it is the same for both sub-events.

Based on the aforementioned source model we simulated the strong ground motions at PCN and compatre it with the observ:
record. Our simulations show that a variable radiation pattern across the fault plane can provide an appropriate explanation on tl
relative differences in amplitude for the two sub-events at PCN. The radiation pattern of S waves for a point source at the centroi
of asperity 2 shows that the location of station PCN is coincident with a nodal plane of SH waves. Therefore the large seismic
radiation released from this asperity is dramatically reduced at PCN by a very small radiation pattern coefficient. In contrast the
seismic radiation from asperity 1 is modulated by a large radiation pattern coefficient, as its azimuth relative to PCN differs by
approximately 45 degrees with respect to the asperity 2 to PCN azimuth, thus enhancing the source contribution to amplitude
from the first sub-event at PCN. On the other hand the source model of the Pisco earthquake displays a small average rise time 1
asperity 1 (around 1s), as compared to a large rise time for asperity 2 (around 7s), which may also have contributed to magnit
the amplitudes from asperity 1.
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Broadband Ground Motion Prediction for Miyagi-oki Earthquake Scenarios
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Improvement of web interface of the IISEE earthquake catalog
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We introduce recent developments of the web interface of the IISEE (International Institute of Seismology and Earthquake
Engineering) earthquake catalog, "lISEE’'s CMTs, Aftershock Distributions, Fault planes, and Rupture processes for recent larg
earthquakes in the world” (http://iisee.kenken.go.jp/eqcatffageen.htm). In this catalog, we have been providing earthquake
information (CMT, aftershock distribution, fault plane, and rupture process) determined by the analytical techniques developec
by the IISEE and visiting researchers since 2008.

We have modified the top of the search page of this catalog so that registered events are shown on the Google Map. Users ¢
select an event on the Google Map, and display earthquake information for that event in another window. In the web interface
we have implemented a function to forward earthquake information to web calculators of PGA, PGV, intensities, etc. using a se
of attenuation equations. Calculation results are shown on maps drawn by the GMT (Generic Mapping Tools. Wessel and Smitt
1998). Earthquake source parameters for this calculation can be changed by users for their purposes and conditions such as s
earthquake type, etc. This improved web interface is now available at our web site as a test version (http://iisee.kenken.go.jp/cg
bin/egcatalog.newv4/eqcatalogag.cgi). We plan to implement a function to download calculation results using attenuation
equations. Through these developments, we are improving combination among this earthquake catalog, strong motion calcul
tions, and the other earthquake catalog available at our web site, "Catalog of Damaging Earthquakes in the World” (Utsu, 2004
The later updates are added by the IISEE).

gooobo:oboogo,bbb,ooobbbboogoa
Keywords: earthquake catalog, attenuation equation, web interface
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A feasibility study of fast and continuous strong-motion observation
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A New Method to Extract Building Response Parameters from Microtremor Data

0O0™oooooYhoooot!
Xin Wang!*, Kojiro Irikural, Kazuaki Masaki

loooooo
L Aichi Institute of Technology

Generally, a building can be considered as a system which is composed of the upper structure, the base, and the supporti
ground of the building. Therefore, the response of a building system can be seen as a composition of the response of the upg
building (fixed-base building) and the response of rigid-body due to the soil-structure interaction including rocking and horizon-
tal vibration (sway). In order to fulfill the building damage analysis meticulously, extracting the response parameters of (A) the
building system, (B) the fixed-base building, and (C) the soil-structure interaction from ground motion records of buildings is
very necessary. There have been proposed many methods to extract the building response parameters (A)-(C) respectively. T
methods so far used need to have many observation points on the first and top floors. We proposed a simple and easy methoc
extract all of the building response parameters (A)-(C) from the fewest points, one on the first floor and one on the top of the
building. Microtremor records are often used to extract building response parameters, because they can be easily obtained at &
time.

The new method to extract the building response parameters (A)-(C) from microtremor records of the 1F and the top of the
building is presented based on the Deconvolution method, which was proposed by Snieder and ?afak (2006) based on the int
ferometry method and was improved by Todorovska (2009a, 2009b). It is a very good method to extract the response paramete
of fixed-base buildings and the base rocking vibration. The feasibility of this method to extract the response parameters fron
observed records on buildings during earthquakes has already been proved by the proposers. Based on the deconvolution metf
in this paper, a method to extract the response frequencies of the building system ( ),the fixed-base building (), rigid-body rock
ing (), and rigid-body sway ( )from microtremor records on the top and the base of buildings is proposed. The feasibility of
our method is examined by comparing the extracted building response parameters from microtremor data recorded on a 6-sto
building (Building No.2 in the Yakusa campus of the Aichi Institute of Technology) with those extracted from earthquake records
on the same building and the numerical analysis results obtained based on the multi-degree-of-freedom model of this building
This method not only makes the extraction of building response parameters easier using only the records of the base and the t
floor of buildings, but also provides an approach to extract the S-wave velocity traveling within the buildings using the records
of the inter floors.

00000:0000,00000000000, DeconvolutionMethod] OO,SO00O00O
Keywords: Microtremor, Response Paremeters, Deconvolution Method, Damage Level, S-wave Velocity
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Multiple, Three-Dimensional Interactions between the Ground and a Group of Structure:
Subjected to Seismic Impact
Multiple, Three-Dimensional Interactions between the Ground and a Group of Structure:s
Subjected to Seismic Impact

00 00 **, loan R. lonesct
Koji Uenishi'*, loan R. lonesct

l00000O0o00o0ooooag,2LPMTM, University of Paris 13
'Res Ctr Urb Safety & Security, Kobe Uni&,_PMTM, University of Paris 13

In our earlier study, using a fully coupled, two-dimensional ground-structure model, we have investigated the dynamic in-
teractions between a set of identical buildings in a town and shown the collective behavior of the buildings during a seismic
excitation: Due to the multiple interactions through (the waves in) the ground, the eigenfrequencies of the collective building
system, i.e., town, become lower than the resonant frequency of a single building. This shift of eigenfrequencies may be calle
the "town effect” (or "city effect”). Our analysis is different from the conventional ones where each structure is handled indi-
vidually, and the frequency shifts and "unexpected” structural behavior may be recognized only if the mechanical movement o
the structural group is analyzed jointly. In the study, however, we have just considered the anti-plane shearing of a linear elasti
half space on which identical buildings, each consisting of an elastic spring that connects a concentrated mass at the top and t
rigid foundation at the bottom, stand. In this contribution, we shall briefly summarize some quantitative information about the
two-dimensional anti-plane town effect and show its significance by investigating the actual structural damage patterns found o
the occasions of several earthquakes in Europe and Japan. Then, we shall further consider the in-plane and three-dimensio
cases and generalize the mathematical statement of the related problems. Since the "town effect” may be induced by dynam
structural impact in general (e.g., blasting), the simple analytical models handled here may contain the essential features that w
play an important role in evaluating the dynamic performance of a group of structures in urban environments around the world.
Keywords: earthquake hazard, collective behavior, city effect, town effect, dynamic ground-structure interaction
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Seismic intensity of the two earthquakes (Dec.17-18,2009) off the east Izu Peninsula

based on a questionnaire survey
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Examination of construction methodology of source model in case of multi-segment rup-
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Broadband ground motion simulation for great earthquakes along Sagami Trough
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Improvement of Source model for simulating strong ground motions during the 2008

Wenchuan earthquake
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1. Introduction

The Wenchuan earthquake with a moment magnitude of 7.9 (United Statue Geological Survey,USGS) struck the western pa
of Sichuan Province on 14 May 2008, China, resulting in about 70,000 fatalities as well as huge damage to infrastructures an
buildings. Causes of serious damage of structures should be attributed to characteristics of strong ground motions and vulner
bility of structures.

The strong motion records during the Wenchuan earthquake will be very useful not only in making source modeling for es-
timating strong ground motion but also in clarifying the relation between structural damage and strong ground motions througt
reproduction of ground motions at damage sites. We estimated the characterized source model for simulating ground motior
using the empirical Green’s function (EGF) method and the hybrid method for the 2008 Wenchuan earthquake (Kurahashi an
Irikura,2010). However, it has some problems. One of the problems is that the ground motions at Wolong station (WCW) in
backward direction to Asperity 2 have smaller amplitudes, compared with the observed. Second, the contribution from asperitie
on the north-east segment to ground motions was not considered. In this study, to improve these two problems, the analysis w
performed by the discrete wave number method. This model is a tentative version.

2. Analysis

We adopt basically the characteristic source model for the south-west segment reported by Kurahashi and Irikura (2010). Th
best model was determined by try and error. We used the observed records at 13 stations including the WCW, SFB and MZQ ne
the source fault. We find that the observed records at WCW are reproduced considering the rupture starting point of Asperit
2 not at the edge of the asperity area but inside it. This means that the rupture on Asperity 2 propagated not uni-laterally bu
bi-laterally. As a result, the area of Asperity 2 became larger of fit the observed records in forward direction such as SFB anc
MZQ as well as those in backward direction such as WCW.

Next, we estimated the contributions of asperities on the north-east segment to ground motions as stations in north-east dire
tion.

There are several observation stations near the northeast segment. Remarkable wave pulses at the stations were not obsen

In this study, the best model was determined by try and error comparing the observed and the calculated motions. As a resu
we presumed four asperities at the north-east segment. The stress drops on asperities are taken from 10 to 13 MPa. In future,
attempt to simulate ground motions using the empirical Green’s function method.
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Spatial distribution of predominant period derived from H/V spectra in Kochi Plain
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Period-Dependent Site Amplification and Source Process for the 2008 Iwate-Miyagi Nairi
Japan, Earthquake Sequence
Period-Dependent Site Amplification and Source Process for the 2008 Iwate-Miyagi Nairi
Japan, Earthquake Sequence

Rami Ibrahim*, Kazuki Koketst, Hiroe Miyake', Kazuhito Hikimé
Rami Ibrahim*, Kazuki Koketst, Hiroe Miyake', Kazuhito Hikimé

LEarthg. Res. Inst., Univ. Toky8TEPCO
!Earthg. Res. Inst., Univ. Toky8TEPCO

The 2008 Iwate-Miyagi Nairiku earthquake on 14 June 2008 mainly struck the Tohoku region, northeastern Japan. The JMA
magnitude M, 4 was estimated to be 7.2 and the moment magnitugle by Global CMT Project was 6.9. The 5% damped
acceleration and velocity response spectra maps reveal different features in the source area and at other stations out of the sot
area. The predominant period was shown in a short period range of 0.1-0.2 s. AKTHO04 station which is located at 22 km away
from the source area was recorded a JMA-intensity of 6 upper as large as in the source area. The large acceleration amplitu
was observed at short periods at the same station. Large velocity amplitudes at stations MYG005 and MYGO006 were observed
periods of 2, 3, and 5 s to the south of the source area. In this study, we use aftershock data to obtain amplification factors in ar
around the source area. The H/V spectral ratios were investigated at 27 station sites close to the source area. The data recor
by K-NET and KiK-net were used for five aftershocks. The spectral ratios of the horizontal components (H/H spectral ratio)
of surface and borehole data were investigated for KiK-net stations. H/H spectral ratios of soft soil sites to hard rock sites were
also calculated for comparison with previous studies. Amplification factors of 3 to 6 at short periods of 0.1 to 0.5 s are observec
at many stations such as AKTH04, AKTHO6, IWTH19, and so on. The stations of MYG005, MYGO006, IWT011 and IWTH20
have shown amplification factors of 3 to 5 at long periods of 3 to 5 s. On the other hand AKT023, IWT010, and MYGHO04 show
flat response spectra compared to hard rock sites. The results reveal that the different features shown by response spectra ca
attributed to the site effects. The H/V and H/H spectral ratios were used to get information about the predominant periods an
the amplification factors at the station sites. The peak velocity amplitude distribution maps were calculated for different period
ranges of 0.1-0.2, 0.2-0.3, 0.3-0.5, 0.5-1, 1-2, 2-3, 3-5, and 5-10 s. We are going to collect site amplification factors for the men
tioned period ranges. The collected data will be used to retrieve the period-dependent source process for the 2008 lwate-Miya
Nairiku earthquake.

00000 : 2008 Iwate-Miyagi Nairiku earthquake, source process, amplification
Keywords: 2008 Iwate-Miyagi Nairiku earthquake, source process, amplification
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