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The 41% Symposium of Earthquake Ground Motion (2013)
Introduction
ABEE"
Yoshiaki HISADA

The purpose of this symposium is to understand the latest results on the source, path, and local site effects on the
earthquake ground motions during the 2011 Tohoku earthquake (Mw 9.0), and to estimate the ground motions and
the building damage due to hyposesis large earthquakes, such as the earthquakes along the Nankai trough and the
Uemachi fault. In adittion, we will discuss about our directions on the ground motion researches and practices to

mitigate building damage.
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VALIDATION OF THE STRONG GROUND MOTION AND WIDE AREA SIMULATION OF THE LONG PERIOD
GROUND MOTION FOR THE 2011 TOHOKU EARTHQUAKE

JIEDFHE SR B

Hidenori KAWABE, Katsuhiro KAMAE, Hirotoshi UEBAYASHI

The 2011 Tohoku earthquake of 11 March 2011 occurred in the subduction zone plate boundary between the
Pacific and North American plates along the Japan Trench. This earthquake caused the Great East Japan Earthquake
Disaster. In this paper, we review the strong ground motion characteristics and try to simulate the long period ground
motions of this earthquake. We performed a long-period ground motion simulation using the 3D finite-difference
method. Our simulation target area was the region from Miyagi Prefecture to the Osaka basin. The effective period of
this simulation is from 4 to 10 sec. The resulting S wave amplitude and arrival time of synthetic waveforms are in
good agreement with the observed ones. However, the later phase amplitudes of synthetic waveforms are smaller than

the observed ones.
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STRONG MOTION PULSES OBSERVED DURING THE 2011 TOHOKU EARTHQUAKE
AND THEIR MODELING

B E
Atsushi NOZU

The 2011 Tohoku, Japan, earthquake is obviously the first M9 earthquake which was recorded by dense strong
motion networks such as K-NET, etc. From engineering point of view, the most striking feature of strong ground
motions of the earthquake is the generation of strong-motion pulses in the frequency range from 0.2 to 1 Hz observed
at many sites along the coast of Miyagi through Ibaraki Prefecture. It is significantly important to consider the
generation of such pulses in the strong-motion prediction for mega earthquakes, especially when the prediction is
aimed at seismic design of structures. To model strong motion pulses from the Tohoku earthquake, a source model
including nine subevents with relatively small size (on the order of several kilometers) was developed for the
earthquake. The sizes of the subevents were determined so that the width of the pulses can be reproduced appropriately.
The agreement between the observed and calculated ground motions was quite satisfactory, especially for velocity
waveforms. Strong ground motions from the same earthquake have been modeled using a source model with SMGAs
with a size of tens of kilometers. However, the relatively small width of the observed pulses requires smaller subevents.

The author redefines the small subevents as SPGAs.
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STRUCTURE MODEL AND STRONG GROUND MOTION ESTIMATION BASED ON THE SCENARIO

ZJII84" . Petukhin, Anatoly”. $ERE—HE™,

STUDY ON SOURCE RUPTURE SCENARIO OF THE 1946 NANKAI EARTHQUAKE CONSIDERING 3-D VELOCITY

=T, ZRETT

Takao KAGAWA, Anatoly PETUKHIN, Kazuki KOKETSU, Hiroe MIYAKE, Satoko MUROTANI

Long-period ground motions over 2 seconds due to the 1946 Nankai earthquake are simulated. Minute 3-D
crustal and sedimentary structure model is employed for the simulation. ~ First, we reevaluated a source model of the
1946 Nankai earthquake by joint inversion method of geodetic, teleseismic, and near field strong ground motion data
with Green’s functions calculated from the 3-D crustal and sedimentary structure model. Smaller residials of
waveform inversion results was obtained than those conducted with 1-D velocity structure model. ~ Since near field
records were saturated and the observation network was scarce, resolution of the source inversion were restricted to 20
km in space and 5 seconds in time.  Then, the source model was improved by adding a pulse to the slip-velocity time
function of each subfault to produce ground motion up to 2 seconds. Amplitudes of the pulses were adjusted to
match Fourier spectra and keep waveforms of the observed strong motion data, simultaneously. Finally, we
simulated long-period ground motions for the 1946 Nankai earthquake. They agree with previously conducted

empirical Green’s function results of response spectra longer than 2 seconds in the Osaka basin.

It suggests that our

results may reproduced the long-period shake map due to the 1946 Nankai earthquake.
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EFFECTS OF SURFACE SOIL STRUCTURE ON DISTRIBUTION OF
LIQUEFACTION-INDUCED DAMAGE IN RECLAIMED LANDS

B, FHE-
Toru SEKIGUCHI, Shoichi NAKAI

In order to evaluate the effects of surface soil structure and the amplification characteristics on the
liquefaction-induced damage in Mihama ward of Chiba city during the 2011 Great East Japan earthquake,
microtremor measurement and seismic ground motion observation were conducted. The shear-wave profile models
of divided 50m square grids in the ward were estimated based on lots of borehole logs. The equivalent linear
analysis was conducted using the estimated profiles and the seismic ground motion record of the main shock. The
distribution of estimated maximum shear strains of sand layers shows good agreement with the liquefaction damage

distribution.
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GROUND MOTION CHARACTERISTICS IN LIQUEFIED GROUND AND
PREDICTION OF LIQUEFACTION UNDER LONG DURATION EARTHQUAKE

ElR
Nozomu YOSHIDA

Characteristics of the ground motion during earthquakes are reviesed based on the past earthquake
records and researches. The peak acceleration decreases and the predominant period increases in the
ligefied ground. In addition, spiky peaks appears in acceleration in the liquefied ground, which is cased by
the cyclic mobility behavior. Then earthquake records in the Urayasu city during the 2011 off the Pacific
coast of Tohoku earthquake are compared. Waves at the liquefied and nonliquefied sites that are located
close by are compared. There is no significant differences between the frequently used earthquake motion
indices, although predominant period increases and predominant amplutide increases as well. It suggests
that many earthquake motion indices is controlled by the waves before liquefaciton. Finally, method to
predict onset of liquefaction under long duration earthquakes such as the 2011 off the Pacific coast of
Tohoku earthquake is important. As the number of effective cycles increases significantly under these
earthquakes, conventional method yields unsafe design. Several methods have been proposed to reduce
apparent liquefaction strength to consider large effective cycles; the ratio spreads from 0.7 to 0.85, but
methods seems not to be estalished yet. Evaluation of effective cycles seems a key factor to establish a

more accurate prediction.
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Liquid Sloshing of Oil Storage Tanks and Long-period Strong Ground Motions in the 2011 Tohoku Earthquake

JERRUEE
Shinsaku ZAMA

Damage of oil storage tanks by the liquid sloshing in the 2011 Tohoku Earthquake is reviewed. Typical damage
was found in Kawasaki, Niigata and Sakata districts, such as sinking of a floating roof and an inner roof; leakage of oil
onto deck, deformation of a gauge pole, and fracture of pontoons. As a whole, spectral amplitudes of long-period
ground motions at the tank sites were nothing more than the ones in the technical standard of the Fire Service Law of
Japan. The predected spectra in the long-period range by the empirical method for the Tohoku Earthquake assuming a

point source agree well with the obsereved ones at the JMA obeservatories near the tank sites, and the sum of

spectrum for the point source in each segment of off Tohoku region also agrees with the obeserved. Thus, it will be

important to forcus on the prediction for an earthquake with the maximum expected magnitude in the segmented area
rather than for a mega earthquke such as Nankai Trough Earthquake.
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NEW SOURCE MODELS OF NANKAI TROUGH MEGA-EARTHQUAKE AND LONG-PERIOD GROUND MOTIONS
CAUSED BY THEM

HIEZ, BUEENE, HHE, BRLT

Nobuyuki MORIKAWA, Takahiro MAEDA, Shin AOL Hiroyuki FUJIWARA

After the 2011 Tohoku-oki earthquake, new source models of Nankai trough earthquake whose magnitude
is about 9 have been evaluated by the Central Disaster Management Council and Headquarters for Earthquake
Research Committee (HERP). In addition, long-period evaluation by HERP shows that the occurrence pattern of past
Nankai trough mega-earthquake was much variety. Based on the new evaluations, we calculate long-period ground
motions for the anticipated Nankai Trough megathrust earthquake in southwest Japan. To understand a variation of
long-period ground motions caused by the uncertainty of source model, we perform a finite difference simulation
using 104 source models assuming various possible source parameters including rupfure area, asperity configuration,
and hypocenter location. Simulated waveforms and response spectra show a large variation at a site. It is important to
consider how to account for the large variation of the simulation results in the seismic hazard assessment.
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LETERET & KIRTE RO TEEIZBE I 2# =GR &
ZTHICED CHIERE TR

Findings about Uemachi Fault system properties and sedimentary structure of the Osaka Plain
used for updated ground motion prediction

BO&ET. LATWESE SRR v —T"
Haruko SEKIGUCHI, Comprehensive Research Group on the Uemachi Fault Zone

Comprehensive research on the Uemachi Fault Zone conducted in fiscal 2010 to 2012 revealed various new
features of the fault zone. Surface traces of the fault system with two behavioral segments, displacement due to the last
~ event, and the uplift rate distribution were identified by the geographical analysis based on 2m DEM data.
Deformation zones in the downtown area were identified based on a massive borehole database. The fault shape under
the earth surface was inferred from the flexure structure in the sediment. Using these information, earthquake
scenarios were revised. Velocity structure of the Osaka Plain, which overlies the Uemachi Fault system, was also
investigated through 2 reflection surveys, 6 microtremor array observations, 100-points single microtremor
observations, and PS-P time at the existing strong motion stations. We found that the velocity beneath the hilly area in
the southeastern part of the Osaka Plain is underestimated in the former velocity structure models. The newly obtained
survey data were injected into the revised velocity structure model of the Osaka basin. Based on the new earthquake
scenarios for the Uemachi Fault zone and the new velocity structure model of the Osaka basin, the ground motion in
the basin was computed. The synthetics suggest a possibility of occurrence of seismic intensity 6- ~ 7 all over the plain

and especially large ground motion on the hanging wall side of the northern part of the fault near the surface trace.
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EAHRIC & 2 ANMES & BYISE LI
INPUT EARTHQUAKE GROUND MOTION AND BUILDING RESPONSE UNDER GREAT EARTHQUAKE

FREAA
Taiki SAITO

During the 2011 Great East Japan Earthquake, high-rise buildings in Tokyo and Osaka swayed largely and damage to
non-structural elements occurred such as the fall of ceiling panels. Also, liquefaction of ground occurred over a wide range
in coastal areas. It is said that long duration and long-period component of the ground motion had an influence to the
damage. In other words, to understand earthquake damage of buildings, it is essential to study the relationship between
frequency components of the input ground motion and the strength and natural period of buildings based on vibration
theory. From the damage estimation of Nankai Trough Earthquake issued by the Cabinet Office in response to the Great
East Japan Earthquake, seismic intensity 7 and collapse of many buildings are expected in a wide range in Tokai, Tonankai
and Nankai area. However, to capture the damage of individual buildings, it is essential to use appropriate numerical
models of buildings and input ground motions. In this report, firstly looking back the history of seismic design code about
building performance and earthquake load, the current design criteria and problems are discucced. Then, simulation results
for a high-rise building under several input ground motions by the future great earthquakes are presented.
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