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The 39" Symposium of Earthquake Ground Motion (2011)
Introduction

AHEE"
Yoshiaki HISADA

The purpose of this symposium is to understand the 2011 Tohoku earthquake (Mw 9.0) from the view points of the
source model, the earthquake ground motions, and the building damage by the ground motions, liquefaction, and
Tsunami. After 11 researchers/engineers present their specialized topics, we discuss about the earthquake and its
effects to the research and practice on ground motion predictions.
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PROBREMS FOR LONG-TERM FORECASTING OF LARGE EARTHQUAKES ILLUMINATED BY THE 2011
TOHOKU-OKI EARTHQUAKE

AR
Shinji TODA

The 2011 M9.0 Tohoku-oki earthquake brought a great impact on the long-term forecasting of subduction
earthquakes around the Japanese islands. Short historic data together with dogmas of modern seismology, such as
conventional asperity model, characteristic earthquake model, and earthquake scaling law prevented us to have
anticipated the size of M9 earthquake offshore Pacific coast of Tohoku. It may suggest that longer than 1000-year
earthquake occurrence history is required to properly evaluate the size and frequency of mega-thrust events, same as
the M~7 destructive earthquakes associated with inland active faults. The Tohoku-oki earthquake has significantly
changed the state of crustal stress in northeast Honshu island from EW compression to EW extension, in which
numerous widespread triggered earthquakes have been occurring. Here I introduce the coseismic stress transfer due to
the Tohoku-oki earthquake onto the major active faults, and then demonstrate the importance of the transient changes
of state of stress on the faults for long-term earthquake forecasting during the next few decades.
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SOURCE IMAGES OF THE 2011 TOHOKU EARTHQUAKE

=B BRETT Ba E
Hiroe MIYAKE, Haruko SEKIGUCHI, Atsushi NOZU

We review long-period and short-period/broadband source models for the 2011 Tohoku earthquake inverted
from strong motion inversions in a period range of around 10-100 s and simulated by broadband ground motion

simulations using the empirical/stochastic Green’s function methods in a period range of around 0.1-10 s, respectively.
Due to the resolving power of strong motion dataset and technique for the 2011 Tohoku earthquake, there are some
limitations to discuss slip or stress drop near the Japan Trench. Even though, clear discrepancy has been seen in
between the locations of long-period and short-period/broadband wave radiation. Most source models provided a
source image of long-period wave radiation with M9-class near the Japan Trench or the hypocenter, on the other hand,
short-period/broadband wave radiation with M8-class near the landside. This issue is seriously related to the ground

motion prediction method for earthquake scenarios.
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STRONG-MOTION OBSERVATION RECORDS DURING THE 201! TOHOKU EARTHQUAKE

REE*

Susumu Ohno

The 2011 Tohoku earthquake is the first great earthquake that many strong-motions were recorded in a relatively

dense and uniform observation network. The major characteristics of the observed strong motions are summarized as

follows: 1) Large accelerations (over 1G) were widely distributed but the ground motion amplitudes of periods around

1-2s which affected structural damage were not so large compared with those of near-source records of inland

earthquakes. 2) Ground motion amplitudes have large variations due to underground structures and the 1-2s period

amplitudes at some alluvial sites reached the same amplitude levels of the heavily damaged area during the past inland

earthquakes. 3) While Si-Midorikawa attenuation relation adopting Xeq generally agrees with the observed PGA and

PGV, re-investigation may be necessary because extrapolation is inevitable to estimate M9.0 earthquake for all existing

attenuation relations. 4) In Sendai, strong-motion duration is significantly longer than that of the 1978 earthquake, but

the spectral amplitudes in the range of 0.02-10 seconds were about 1.3 times as large as those of the 1978 at most. The

features of the great earthquake, at least in Sendai, mainly appeared as long duration composed of two continuous

wavegroups from two large subevents.
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2011 LA AT E TOHEE & EROEE
DAMAGE TO SOILS AND FOUNDATIONS IN THE 2011 TOHOKU PACIFIC EARTHQUAKE

BAAF . BB, SRET, BREEX"
Kohji TOKIMATSU, Shuji TAMURA, Hiroko SUZUKI, Kota KATSUMATA

An overview of the geotechnical aspects of the building damage in the 2011 Tohoku Pacific earthquake is
presented, based on field reconnaissance made after the quake. It is shown that: (1) Extensive soil liquefaction
occurred along the coast of Tokyo Bay and around the Tonegawa River floodplain. Liquefaction primarily occurred
within relatively new reclaimed area, with large ground settlement up to 60 cm, accompanied by settlement/tilting of
wooden and reinforced concrete buildings supported on spread foundations; (2) Numerous houses in Sendai’s hilly
residential areas constructed with cut-and fill methods were badly damaged not only by simple collapse of retaining
walls, but also by slope failures of fill; (3) Several pile-supported buildings tilted and settled not only in the Tohoku
region but also in the Kanto plain, implying damage to pile foundations; and (4) Within Onagawa and Rikuzen-Takata,
several steel and reinforced concrete structures were knocked over by tsunami surges, probably after having suffered
damage to their pile foundations.
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2011 FRAHAREFHnEORRSES =2 L—2 3>
LONG PERIOD GROUND MOTION SIMULATION OF THE 2011 TOHOKU EARTHQUAKE

JIDFHRE . RiTmE" . LR

Hidenori KAWABE, Katsuhiro KAMAE, Hirotoshi UEBAYASHI

The long period ground motions during large earthquake caused large resonance in high-rise buildings. Thus,
for the prediction of long-period ground motions during futuer earthquake and the disaster prevention, it is very
important to understand the development and amplification properties of long-period ground motions associated with
huge earthquakes. In this study, we simulate long-period (4~10s) strong ground motions during 2011 Tohoku
earthquake (Mw9.0) using a characterize source model and the 3D finite-difference method. Our simulation target
area is form Miyagi prefecture (Sendai basin) to Kanto basin. As a result, the S wave amplitude and arrival time of
synthetic waveforms are good agreement with observed one. But the later phase amplitudes of synthetic waveforms

are smaller than observed one.
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IMPORTANCE OF GROUND VIBRATION RESEARCH
BASED ON EXPERIENCE OF THE GREAT EAST JAPAN EARTHQUAKE

JREEAN
Masato MOTOSAKA

In this lecture, the author reports the ground motion characteristics and structural damage in Miyagi prefecture
area mainly focused on Sendai area during the 2011 Great East Japan earthquake (M9.0), as well as the
importance of ground vibration research based on the experience of the earthquake for building and urban
earthquake counter measures in future. The report comprises the following contents; 1) The authors’ experience
of the earthquake in relation to ground vibration research, 2) Investigation of the observed high acceleration
records and long- duration records, 3) Geological structure and observed strong ground motion in Sendai area, 4)
Ground motion amplification in Aobayama hilly zone and building damage, 5) Specific building damage with
related to soil condition, 6) leanings and lessons for ground motion and building damage.
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RALHA AR R TRE LIRS & EWRE

STRONG GROUND MOTION AND DAMAGE TO HOUSES AND BUILDINGS
IN THE 2011 TOHOKU-CHIHO TAIHETYO-OKI EARTHQUAKE

S A, AETAL
Yuki SAKAI, Kazuhiro KANDA

In the 2011 Tohoku-Chiho Taiheiyo-oki earthquake, a very short period of below 0.5 second dominated in
strong ground motions, therefore, JMA seismic intensity which was calculated base on a period of below 1.0 second

was very large, whereas 1-2 second reponses which correlated with severe damage to houses and buildings were very
small. Actural damage by shaking was very small according to the investigation around strong observation sites. The
reason why damage to houses and buildings by shaking were very small in this earthquake was that strong ground
motions were not destructive. We have to be very careful that it was not that houses and buildings were resistant.
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STRONG MOTION RECORDS OBSERVED ON AND AROUND BUILDINGS
DURING THE 2011 OFF THE PACIFIC COAST OF TOHOKU EARTHQUAKE

/NMUET, R
Shin KOYAMA, Toshihide KASHIMA

The 2011 off the Pacific coast of Tohoku Earthquake (hereinafter referred to as the East Japan Earthquake)
caused devastating tsunami and severe shaking in extensive area. The quite strong shaking never experienced were
recorded at many stations on the ground that were instaled after the Southem Hyogo prefecture earthquake in 1995.
Besides, many strong motion records were also observed on and around buildings. In this paper, the report, including
preliminary reconnaissance report of the East Japan Earthquake published by ALJ (Architectural Institute of Japan) and
summaries of technical papers of annual meeting AlJ, relating to strong motion records observed on building is
referred first. Then, some of the records observed in the BRI (Building Research Institute) strong motion network

triggered by the East Japan Earthquake are introduced.
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OBSERVATION RECORDS OF THE TOHOKU EARTHQUAKE
AND EFFECT OF VIBRATION CONTROL SYSTEM AT SUPER HIGH-RISE BUILDING

HEIR" . ARt FEEE, SAEE, RER

Osamu HOSOZAWA, Yuichi KIMURA, Hideshi AONO, Chiaki YOSHIMURA, Ryota MASEKI

The construction of Shinjuku Center Building was completed in 1979. It is a high rise building with height of 216m.
Construction of the reinforcement for vibration control was launched with installation of 288 deformationt-dependent
oil dampers, in July 2007 as part of the counter measures against long period ground motions.

According to the observation records of the Tohoku Earthquake, the maximum displacement of 54.2cm was
observed at the top floor of the building. From analysis, displacement of 69.8cm was observed without the

reinforcement. Hence, the maximum displacement was reduced by 22% by installing the reinforcement. Similarly, the

reinforcement had effects on reducing accelerations and improving the recovering rate of after shake displacement.
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RECONSTRUCTION OF THE 869 JOGAN EARTHQUAKE BASED ON GEOLOGICAL EVIDENCE,
AND COMPARISON WITH THE 2011TOHOKU-OKI EARTHQUAKE

REER", B, T

Masanobu SHISHIKURA, Yuki SAWAI Yuichi NAMEGAYA

We reconstructed the tsunami inundation area of the 869 Jogan earthquake by geological evidence such as
tsunami deposit, and inferred fault source model by tsunami simulation. From analysis of nearly 400 geological core
samples obtained from the Sendai and Ishinomaki Plains, it is inferred that the 869 Jogan tsunami inundated to 3-4 km
further inland from shoreline and was generated from subduction mega-thrust fault which has 200 km long and 100
km width off Miyagi and Fukushima. Magnitude and source of the Jogan tsunami is very similar to the 2011 Tohoku

earthquake.
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TSUNAMI LOAD EVALUATION BASED ON DAMAGE OBSERVATIONS
AFTER THE GREAT EAST JAPAN EARTHQUAKE

hHRREE, EHEN, fEEA—
Yoshiaki NAKANO, Tatsuya ASAL, Tomokazu TATENO

To design and construct buildings resistive to tsunami loads, quantitative evaluations of tsunami load applicable
to structural design is most essential. Although coastal regions in Japan are highly susceptible to tsunami disasters and
have been repeatedly devastated by killer tsunamis, few researches have been made for practical design tsunami
loads for buildings. In this paper, the relationship between structural damage, strengths, and inundation depth is
quantitatively studied to discuss the tsunami load based on field surveys after the Great East Japan Earthquake.
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