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Introduction

JOEERT—
Kenichi KATO

Recently, it is indicated that the mega thrust earthquakes such as Tokai, Tonankai, and Nankai events along

the Nankai Trough will occur in the near future with high possibilities.

Since these mega thrust earthquakes will

generate long period strong ground motions, the seismic safety of high-rise buildings and base-isolated buildings is the

matter of social concemn. This symposium presents examples of predicted long period ground motions based on

FDM considering 3D subsurface structure from source to sites, and discuses their precision.

We expect to share our

up-to-date information with researchers and engineers for better understanding of long period strong ground motions.
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Review of Studies on Long-Period Strong Ground Motions and Some Problems

FERMENE
Shinsaku ZAMA

The 2003 Tokachi-oki earthquake (Mw=8.0) caused the severe damage to oil storage tanks by liquid
sloshing, especially at Tomakomai in Hokkaido, northern part of Japan, where large liquid sloshing was excited by the

long-period strong ground motions. In view of severe damage to oil storage tanks and mega earthquake threats such as

Tokai, Tonankai, and Nankai earthquakes, many studies have been carried out associated with source models of huge

earthquakes, S-wave velocity structural models, and simulation methods. Based on these knowledge, strong ground

motions including a long-period range, from a few to over ten seconds, were predicted by several researchers for

future earthquakes in the Nankai Trough region and provided to Japan Society of Civil Engineers and Architectural

Institute of Japan in order to examine seismic safety of various structures such as high-rise buildings, base-isolated

buildings, suspension bridges, and oil storage tanks. Since validity of predicted ground motions are hardly verified in

the long-period range, further works are expected about heterogeneous source models, three-dimensional subsurface

structural models, and the effects of their fluctuations on long-period ground motion characteristics..
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PRELIMINARY LONG-PERIOD GROUND MOTION HAZARD MAPS
BY THE EARTHQUAKE RESEARCH COMMITTEE OF JAPAN

L
Kazuki KOKETSU

We introduce to structural and earthquake engineering people the preliminary long-period ground motion
hazard maps published in September, 2009 by the Earthquake Research Committee (ERC) of Japan. We first
explain the methods adopted for the long-period ground motion predictions in these maps, and then show the results of
the predictions for future Tokai, Tonankai, and Miyagi-oki earthquakes according to ERC (2009) and Koketsu et al.
(2008, 2009).  For the methods we mostly followed the “Recipe” of the “National Seismic Hazard Maps for Japan”
(ERC, 2008) excluding the parts of the stochastic Green’s function method and hybid synthetic method. [n addition,
previous event source models were introduced into the source modeling of plate-boundary earthquakes, and 1st-grade
models were constructed for the velocity structure modeling.  We constructed the standard modeling procedure, built
Ist-grade models, and carried out long-period ground motion simulations using them. The hazard maps were

represented by the distributions of response spectra at periods of 5, 7 and 10 s, peak ground velocities, and duration

times.
FY2010.
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STUDY ON GENERATION METHODOLOGY FOR SITE SPECIFIC
LONG-PERIOD DESIGN INPUT GROUND MOTION

RN
Lzuru OKAWA
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By the 2003 Off-Tokachi Earthquake, we realized the importance of effect of long-period strong motion

generated by large magnitude and deep sedimentary basin on the building with long natural period. In order to

accumulate crucial information to examine performance of such building, the Ministry of Land, Infrastructure,

Transport and Tourism started 3 years’ subsidy business to examine the characteristic of long-period ground

motion and its effect on response of building last year. The empirical relations to predict long-period ground

motion were proposed, and the response of building will be examined and the generation methodology for site

specific long-period design input motion will be proposed within 2 years.
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PREDICTION OF WAVEFORMS OF LONG-PERIOD GROUND MOTIONS
FOR MEGA SUBDUCTION-ZONE EARTHQUAKES BY EMPIRICAL METHOD

WERREE, K,

JPERTS, Vet BIRaARR™

Toshimi SATOH, Lzuru OKAWA, Takao NISHIKAWA, Toshiaki SATO and Matsutaro SEKT

We first summarize empirical regression relations for estimating waveforms of horizontal and vertical

ground motions in a period range of 0.1 to10 seconds proposed by our previous study. The relations were provided for

5 % and 1 % damped acceleration response spectra, energy spectrum, average of group delay time, and standard

deviation of group delay time. Using the empirical relations we simulate waveforms observed during the 2004 off Kii

Peninsula earthquake s to verify the empirical relations. Then we predict waveforms at two sites in the Osaka basin and
two sites in the Nobi basin for the hypothetical Nankai earthquake, the Tonankai earthquake, the Nankai-Tonankai

earthquake and the Tonankai-Tokai earthquake. Predicted waveforms are consistent with waveforms calculated by the

theoretical method using three dimensional structure model in previous studies.
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RIRTORESMES & SBEM~DEE
LONG-PERIOD GROUND MOTIONS IN TOKYO AND THEIR EFFECTS TO HIGH-RISE BUILDINGS

# Il = gt
Saburoh MIDORIKAWA

Long-period ground motions in Tokyo and their effects to high-rise buildings are discussed. The records

obeserved in Tokyo show that ground motions in Tokyo tend to have larger spectral amplitudes at longer periods and

longer duration.

As an example of long period ground motions in Tokyo due to a great subduction earthquake, the

record of the 1944 Tonankai earthquake (M,,7.9) is examined. ~ As the record is saturated due to pounding between
the pendulum and stopper, the restoration of the saturated part is carried out by a simplified method. The restored

record shows the peak ground displacement of about 20 cm and the duration of almost 10 minutes.

Due to the

long-period motions, indoor seismic safety in high-rise buildings is discussed by shaking table tests and numerical

simulations.
movement of fumniture.

provide experience of the large shaking to public.
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3D SUBSURFACE STRUCTURAL MODEL FOR STRONG MOTION SIMULATION AROUND LAKE BIWA
USING EARTHQUAKE GROUND MOTION RECORDS

BRAIEZ, (Lrhi
Haruhiko SUZUKI, Hiroaki YAMANAKA

We construct the 3D subsurface structural model using the data of geophysical and geological surveys in and
around Lake Biwa. And we have modified the model using the S-wave parts of earthquake records, H/V spectral ratio

of S-coda and phase velocity of microtremor. In the waveform inversion of S-wave, we assume a simple source time

function and plane wave incident to a layered model from the basement.

Using 3D subsurface structural models, we simulate ground motions for moderate earthquakes. The first

model is the model using only boring and reflection survey data; the second one is the model by adjusting the peak

period of theoretical H/V spectral ratio to observed one; the last one is the model by joint inversion of S-wave, H/V

spectra and phase velocity of microtremor. As the results, simulated waveforms of ground velocity by using joint

inversion model agree with observed ones better. It is possible to construct 3D subsurface structural model which is

applicable to strong motion simulation by using earthquake ground motion records, even though there are few data of

geophysical surveys.
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GENERATION AND PROPAGATION OF LONG PERIOD PULSE RECORDED
AROUND SHINJUKU, TOKYO

RIMREZ", EhZESE"
Toshihiko HAYAKAWA, Takashi FURUMURA

Long-period ground motion has been recognized through these studies that the propagation of long-period waves in
sedimentary basins is related to the depth of the basement rocks and its topology. However, the dense seismic network in the Kanto
basin has revealed the anomalous propagation of a large-amplitude pulse wave with period of 6-7 s in at Shinjuku area, a center of
Tokyo, during the 2004 mid-Niigata earthquake. In this study, the long-period pulse is investigated by analyzing a large number of
records acquired at 329 stations in the Kanto basin, including the SUPREME network, in addition to SK-net, and K-NET.
Visualization of the wave energy distribution revealed that the pulse is excited near the center of Saitama, and propagates toward
Tokyo Bay, passing by Shinjuku. The corridor for this pulse is 10 km wide, and extends for 50 km. The phase velocity of the pulse is
estimated to be 1.5-2.2 km/s and group velocity of 0.5 km/s by using array analysis. Particle motion analysis indicates that the
long-period pulse consists of Love waves.

The numerical simulation was performed for the 2004 mid-Niigata earthquake. At first, the 3D subsurface model employed
was constructed for strong motion prediction (Tanaka et al., 2006). Although the simulated wave are in good agreement with
observations at sites between the epicentral area and Saitama, the long-period pulse in the Shinjuku area is not reproduced by this
structural model. To reproduce the local long-period wave, the structural model was refined by considering the development of an
Airy phase was defined about a stationary point of the dispersion curve for the group velocity of surface waves. After a number of
simulations using a variety of structure models, the effect of the Airy phase enhancing structure was found to be most important in
reproducing the long-period pulse. Through refinement of the simulation, a channel-shaped structure was found to reproduce the
properties of the long-period pulse well. Further simulations were performed using the subsurface model including the channel
structure, and the amplitude and duration of the long-period pulse were reproduced well.

This long-period pulse was excited only during the 2007 off-Niigata and the 2004 mid-Niigata earthquake. The present results
suggest that the development of the Airy phase is necessary for the emergence of the large long-period pulse in the channel structure,
which does not occur when the horizontal incident angle is greater than 20°. The channel structure suggested by the present analysis
is interpreted to correspond to Holocene sediments and the Narita layer, which is distributed as a small-scale soft shallow layer along
the Arakawa River in central Saitama. Little attention has been paid in the past to the propagation of long-period motion in such
small-scale heterogeneities
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MODELING OF SHALLOW SURFACE LAYERS OF 3D BASIN MODEL
IN NUMERICAL SIMULATION OF EARTHQUAKE GROUND MOTION

Heprb
Hiroaki YAMANAKA

Shallow surface layers over the engineering bedrock with an S-wave velocity of about 400 m/s are usually
excluded in 3D basin models used in numerical simulations of earthquake ground motion, because of limitations of
computational resources. The effects of shallow soil layers are, therefore, estimated by multiplying 1D amplification
factors of vertical S-waves in the shallow soils to synthetic motion on the top of the 3D basin models having no
shallow soils in the hybrid approaches. In this paper, 1 first reviewed previous simulations of ground motion
propagation in 3D basin models with finite difference methods, and pointed out present their performances and
limitations. The difficulties for detailed modeling of near-surface part of the basin models are explained showing the
differences between discretized models with different grid spacing. Then, I investigated the effects of the shallow soils
over the engineering bedrock from comparing synthetic motion calculated for basin models with and without shallow
soils layers. The shallow soils affect ground motion so much at periods less than 1 second at the irregular parts of the
shallow basin of the low velocity soils, because of generation of surface waves. These results indicated the importance
of the shallow soils layers over the engineering bedrock of a 3D basin model for reliable estimation of strong ground

motion at periods of 1 second.
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EFFECT OF DIFFERENCE OF THE 3D VELOCITY MODELS
ON LONG-PERIOD GROUND MOTION PREDICTION IN THE KANTO PLAIN

TN EFPEIER, KB T

Takashi HAYAKAWA Chiaki YOSHIMURA, Masayuki NAGANO

In this study we investigated the disagreement of predicted long period ground motion using two 3D velocity models and searched

for the cause of this disagreement in the 3D models. We analyzed wave propagation in the two models using point source and found

out the cause of the difference; however, we were not able to reduce the gap due to insufficient data at this point. The disagreement

of the predicted long period ground motion was large in the period range of 3-4 seconds, which may greatly affect the judgment of

earthquake resistance of structures. For now, several 3D models are proposed, which shall be compared and the differences of

predicted long period ground motions shall be grasped from the point of view of structural response.
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EFFECTS OF SOURCE MODEL AND UNDERGROUND VELOCITY STRUCTURE MODEL ON EVALUATION OF
LONG-PERIOD GROUND MOTIONS IN THE OSAKA SEDIMENTARY BASIN DURING HYPOTHETICAL NANKAI
SUBDUCTION EARTHQUAKES

R EYR
Tomoraka IWATA, Asako IWAKI

We compare predicted long-period ground motions for the hypothetical Nankai earthquake in Osaka

sedimentary basin. Perdictionists assume their source models and their underground velocity structure model

including the source area and the Osaka sedinentary basin. Consequently, the resultant long period ground motion

characteristics are more or less different each other. Comparisons of those predicted ground motions express the

source model variation mainly give the variation of predicted ground motions. This is also reasonable because each

predictionist usually validate the basin and crustal velocity structure model by waveform modelings of the observed

records.
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KEFHORBEAMED & BER EILORE

LONG-PERIOD GROUND MOTION PREDICTION AND HIGH-RISE BUILDINGS RESPONSE
IN THE OSAKA BASIN FOR FUTURE NANKAI EARTHQUAKE

Yoshihisa NAKAGAWA,

AT, JIRDFEF 2, &Tns"
Hidenori KAWABE, Katsuhiro Kamae

High-rise buildings in mega-cities such as Osaka and Nagoya have a high probability of damage due to strong

long-period ground motions from a great subduction earthquake. In this study, we predict the long-period ground

motions of future Nankai earthquakes using the 3D finite difference method with a variable spacing  staggerd-grid

and frequency-dependent attenuation factor. Next, we examine the damage potential of steel and reinforced concrete

high-rise buildings for predicted long-period ground motions.. Here, a one mass model is adopted due to the need for a

great deal of earthquake response analysis. We have confirmed analytical results regarding high-rise buildings that the

displacement and earthquake input energy of high-rise buildings subjected to long-period ground motion can be

approximately estimated by this simple model. Conducting response prediction maps, we point out that the dynamic

response of high-rise buildings exceeds the present seismic design criteria in wide areas inside the Osaka basin.
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