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2011 Tohoku Earthquake: strong motion and seismic disaster: purpose of the session

0000 ™ 0000 °2
HOSHIBA, Mitsuyukit*, ASANO, Kimiyuki?

!Dpo0o0o,2000000000
IMeteorological Research InstituDPRI, Kyoto Univ.

20110 30 0000000000000 0000000000OOOoOOOOOODODOODOOOOOOO0O00O0O0
O00000000000000000OK-NETOO (MYG004)OOO300000 2900ga 0000 0O0D0OOOOOO
coooooOooooOoOooooooooOoOo oo oooooooobooooooDoooDoooDoooo
oe0O0O00DOO0ODOODOOODOOODOOOODOOODOOOOODODOOODOOOOOOOODOOODOOD
ooooooooooooboobOoo0oooooOobo0ooooobDOoOoO0ooDOoObOOoOoOooosoooooooOboOoOoooD
oooooooboooDbOoooobooooPODOOODODOOOOOOOOOOODO1200000000000000O
goooobooboooobooboooboooboobooobooboooobobooboDobDooboobUoboobDobDUoboob

gboooooobooooobooooooooboboooobooooboobobboooobobbobDoboboboDo
gboobOobooboobobooboobooboooooboboooboOobooooobooobooon

oboooooboooobobooobooboooooboooobOobooooOoboooobOooOooooboOobooonoo
booooooobooboboboooooooooboboboboooooobooboboboobooooobOoDbo
020110000000000Q0OOOOOOOOOOOOOODOODODOOODOOO
gooooooboboooooooooobobobobooobooboooobDobobobobooboboobDoDOoDbOoD
oooobooooo
oboooooboooobooboooobobooooboobooooobooboooooboooooboOoobon

goooo:ogbboooooo,oou,buo,0oooo,on
Keywords: The 2011 off the Pacific Coast of Tohoku Earthquake, strong ground motion, seismic disaster

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]’upm'

Geoscience
Union

SSS37-02 0 0:303 00:50 210 09:10-09:25

Ooodddooood
Characteristics of the 2011 Tohoku Oki earthquake

ooo',ooo0l,ooolY,ooootL,oooo!
AOI, Shin"*, KUNUGI, Takasht, SUZUKI, Watard, MORIKAWA, Nobuyuki', FUJIWARA, Hiroyuki'

l0gooooooo
INIED

vboooooobooboboboboooooooooobooboboboboooobooobOobOobooooooboo
00000000000000000MOODODO0O0O0000000000000000 122300 K-NETO O KiK-net
coo0ooooOooooo0ooooooooDooOoooobD 200000 1g0O0O000O0ODOOOODOOOOOD
000000 (PGA)DDODO 2933¢gal 3000000 K-NETOOODODODODOOOOO 70000C0OOOODOOOOO
ocooobooooooooooOoooo0ooobooOo0ooooOooOoooDObOoOoooDOooooOoOoooDOoOoobD ebbOOOO
0000000000000 0000O000o0o0ooO0O30kmdOOOOOO S0000000DOOOOOOOOO
gooooooooboboooooooooobobooooooooobDoboboobooboobDobobooooo
gooooooooboboooooooobobooooobooooboboboobooboooobOobOobooooo
coooooOooooooopPGAOOODOODOOOODOOODOOOODOOODODOOOODOSOODOOOO
oooooooooo PGADOOOOODOOOOOOOOOOOODODOOOODODOO1-2000D00000OO
O00000000000000000 (Q998) 000 0dddooooooooooooon0On PGAD 800galddOd
00000 (PGV)O 100cm/sS0 0000000000000 O0O0OOPGADODOOOOOOOOOODODOOOOPGY
00000 K-NETOOOODOOO 100cm/10000000001990 00000000 20040 000000000
oooooooooo0oOooooooooooooooDobo PGAOOOODO PGYVOOOOOOOOODDOODOOOO
ocoooooOoooooooooOoooooOobO sogooooooooOoobooOooOooobboooooOoboOoooobooo
goooOoOoOo0OOOOOOOOOOO0O00000000O0OOOOO@OoOO,2007)0000ogol-050000O
goooooooooooooooooooooOoOOOOO0OOooooooo00 120000000000000
goooooooobobooooooooboboooobooooobDobobOoobOoboDobDobDOobDobboooOoo
obooooooobobobooooooobooboboobooooboooobobobobOooooobDoboboboooo
obooooobobooobobooooobobooooon

00000:201100000000000,00, PGA, PGV, K-NET, KiK-net
Keywords: 2011 Tohoku-oki earthquake, seismic intensity, PGA, PGV, K-NET, KiK-net

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °

©2012. Japan Geoscience Union. All Rights Reserved. ]‘E‘;g‘;‘sgiem
Union
SSS37-03 0 0O:303 00:50 210 09:25-09:40
00000000201100000000000000000000000 »
Phase velocities of long period waves in the Tokyo bay area from the 2011 off the Pacific
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Attenuation characteristics of peak motions during the 2011 Tohoku earthquake using
EHD based on different fault models
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The M, 9.1 Tohoku earthquake, occurred on 2011 March 11, caused over 15,000 people dead and over 3300 people missin
The earthquake, ruptured all the segments from off-lwate to off-Ibaraki along the Japanese trench, for a total distance of abot
480 km (e.g., Yokota et al., 2011), with a moment magnitude of 9.0 - 9.1, is one of the largest mega-thrust earthquakes in th
world.

During the earthquake, abundant strong motion datasets have been derived. These datasets indicated that the observed P
and PGVs are generally less than the predictions by the existing attenuation models using fault distance (e.g., Boore, 2011; !
et al., 2011). On the other hand, it is also indicated that, by using equivalent hypocentral distance (EHD), the observations ar
generally consistent the predictions by Si and Midorikawa (1999)(e.g., Kanda et al., 2011; Nishimura et al., 2011; and Ohno
2011). Since arguments on the appropriateness of EHD as a distance measurement still remain (e.g., Fukushima, 1994), it
needed to confirm the calculated EHDs and their variation.

In this study, considering that the EHD generally depends on the fault model used in the calculation, the variation of EHDs anc
its impact on attenuation characteristics of PGA and PGV are discussed based on 3 typical slip models proposed for the Tohol
earthquake. The first two models are the models proposed by Yokota et al. (2011) based on the joint inversion of teleseismic
strong motion, geodetic and Tsunami datasets, and Shao et al. (2011) based on the inversion of teleseismic datasets, relative
The two models are characterized by the location of most ruptured area, around (Yokota et al., 2011) or easterly (Shao et &
(2011)) of the hypocenter. The third model is a uniformly distributed slip model, in which the slips are normalized to unit slips.

Using the EHDs calculated by the 3 fault model, The attenuation characteristics of PGAs and PGVs observed are compare
with those predicted by Si and Midorikawa (1999). The results indicated that, (1) there are difference between the results base
on different slip models, and the fitting is generally better by using the model by Yokota et al.(2011); (2) for part of the stations
around Kanto area there are large differences between EHDs calculated from the uniformly distributed slip model and the inverte
ones, leading to the differences in the attenuation characteristics for PGAs and PGVs.

AcknowledgementThe strong motion data recorded by K-NET and KiK-net are used in this study.
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Soil liguefaction in Tokyo Bay area during the 2011 Great East Japan Earthquake
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Figure 1 Liquefied area from Odaiba in Tokyo to Chiba City (Joint research
by Kanto Regional Development Bureau of the Ministry of Land,
Infrastructure, Transport and Tourism and JGS)
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Non-uniformity of Surface Layer Liquefaction Damage Caused by Layered System Or-
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Postdiction of Source Model for the 2011 Tohoku Earthquake
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The Tohoku-Oki earthquake on March 11, 2011 (MJMA 9.0) generated strong shaking reaching the maximum intensity (seven
on the JMA's scale and caused devastating tsunamis with run-up heights exceeding 30 m. Such mega-thrust earthquake was |
expected to occur along the plate interface off the northeastern Japan. Thus it is very important to study this event for undet
standing the geophysical condition of the generation of mega-thrust earthquake, the characteristics of the induced strong groul
motions, and the mechanism of the excitation of the large tsunamis.

The ground motion records of this event are quite important data for the quantitative studies on the earthquake source and tt
induced damages. However, modeling of the ground motions is not a simple task because of the strong lateral heterogeneity
and around the Japan trench: all of steeply varying topography, oceanic water layer, thick sediments, crust with varying thicknes
and subducting oceanic plate can affect the seismic waves radiated from suboceanic earthquakes [1,2]. Thus the structural mo
is an important factor in the study of waveform modeling.

The modeling of the ground motion induced by this event is a computational challenge: large memory size and fast computing
devices are required because the huge fault size of the earthquake (about 500 km x 200 km) imposes a very large domain size
the simulation. For example, for a finite-difference domain of 960 km long, 480 km wide and 240 km deep and for a grid spacing
of 0.15 km, a quite large grid size of 6400 x 200 x 1600 or 33 billion of grid points are necessary.

Therefore, we need to develop numerical methods that can precisely incorporate the effects of the heterogeneous structure
cluding the land-ocean topography. Further, we need to confirm the feasibility of the methods in the case of large-scale problen
the computation must be done within a tolerable time.

Thus, in this paper we use a 3-D finite-difference time domain (FDTD) method [3,4]. In the method we implement the schemes
to incorporate the land and ocean-bottom topography, oceanic layer and other lateral heterogeneity. In order to simulate the wa
propagation with a large grid size, we adopt the GPU (graphics processing unit) computing to our finite-difference program. We
use the TSUBAME supercomputer in Tokyo Institute of Technology which has a peak performance of 2.4 peta-flops. Currently,
we have succeeded to simulate the wavefield from the whole fault of 2011 Tohoku-Oki earthquake by using 1000 GPUs of the
TSUBAME supercomputer with 33 billion of grid points and a grid spacing of 0.15 km. We present the results of the simulation
of the wave propagation based on a preliminary source model of the 2011 Tohoku-Oki earthquake.

[1] Okamoto, Earth Planets Space, 54, 715-720, 2002.

[2] Nakamura et al., submitted paper.

[3] Okamoto et al. Earth Planets Space, 62, 939-942, 2010.

[4] Okamoto et al., in GPU Solutions to Multi-scale Problems in Science and Engineering, Yuen, D. et al. (Eds.), 250 p.,
Springer, due February 29, 2012. (ISBN 978-3-642-16404-0)

Keywords: 2011 Tohoku-oki earthquake, strong ground motion, finite-difference, FDTD, multi-GPU
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Lessons of the 2011 Tohoku earthquake Focused on Characteristics of Ground Motion

and Building Damage
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The author addresses firstly the observed high acceleration records with PGA of 2,700 cm/s/s and the corresponding JM.
seismic intensity 7 at the K-NET Tsukidate station during the 2011 Tohoku Earthquake (M9.0). Structural damage was quite
light in the surrounding area. The relation between high acceleration record and building damage is discussed by referring to tt
guestionnaire intensity by authors and by mentioning unfavorable behavior with partial uplifting and slipping of the foundation
of the seismometer based on the non-stationary spectral analysis and particle orbit analysis.

Many long-duration records observed during the earthquake, especially in geological basin, are also discussed. A bas
isolation device with lead damper of a building in Osaki city was damaged. Many numbers of displacement cycles may affect or
the damage of the seismic elements of structures due to ground motion with long duration.

Next, ground motion characteristics during the 2011 Tohoku earthquake are compared to those during the 1978 Miyagi-kel
Oki earthquake (M7.4) at the same observation site. The author addresses observation records at basement floor of Sumitol
building near Sendai station, which is recognized as engineering bedrock motion. The comparison shows that the ground motic
during the 2011 earthquake is larger in PGA and response spectra than 1978 earthquake, but the amount of structural damage
smaller in 2011 earthquake due to progress of seismic design and seismic retrofits. Difference of ground motion due to geologic:
conditions is also discussed based on strong motion networks including the authors’ DCRC network.

Regarding specific building damage of 8- and 9-story buildings at Aobayama campus of Tohoku University, ground motion
amplification in the site was discussed based on the observation records at a 9 story SRC building of Departments of Civil En
gineering and Architecture (THU building). During the 2011 earthquake, THU building was resonantly shaken and damagec
(Photo 1) by the amplified ground motion compared to more than two times at the period range of 1sec compared to Sumitom
station, which is one of major reasons of the structural damage (Fig.1). The amplification was also recognized during the 197
earthquake. Dynamic behavior of the damaged THU building due to the amplified ground motion is also discussed.

As other specific building damage, the two pile foundation buildings which were damaged during the 1978 earthquake com:
paratively discussed. An example of the pile foundation damage of the building constructed after the Japanese Building Cod
issued in 1981 is addressed. As damage of non-structural elements, the tremendous number of ceiling board dropped during t
main shock and the major aftershock. Some of them caused killed persons for the first time. The 400 valley-filled housing lands
failures were caused in Sendai City. These damages are strongly related to the long duration ground motion.

Finally, the following learning and lessons from the 2011 earthquake are addressed for stronger earthquake countermeasul
of urban and building structures: 1) Necessity of the seismic microzoning considering ground motion difference due to geolog-
ical conditions, 2) Necessity of appropriate seismic indices corresponding to objective building damage, 3) Reconsideration o
the setting place / setting method of the seismometer, 4) Necessity to evaluate the safety of structural elements for number
displacement cycles due to the long-duration earthquake and repetition by many aftershocks, 5) Consideration of non-stationa
of ground motion the nonlinearity of the building for the huge earthquake, 6) Total balance of structural element, non-structural
elements, and equipments, and also balance of foundation and superstructure for synthetic seismic performance of the whc
building, 7) Evaluation of residue performance of the buildings damaged by past earthquakes and this earthquake.

00000:000000000000000,00000,0000000,0000,00,00000A0
Keywords: 2011 Tohoku earthquake, ground motion characteristics, site amplification characteristics, building damage, resc
nance, long duration
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Photo 1 One of damaged four corner columns
of THU building
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Fig.1 Site specific spectral ground motion amplification
in Aobayama hill, Sendai
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Response and Damage of High-Rise Buildings in the Nishi-Shinjuku Area, Tokyo, Japan

during the 2011 Tohoku Earthquake
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Hisada et al. (2012), SEISMIC RESPONSE AND DAMAGE OF HIGH-RISE BUILDINGS IN TOKYO, JAPAN, DURING
THE GREAT EAST JAPAN EARTHQUAKE, One Year after 2011 Great East Japan Earthquake - International Symposium on
Engineering Lessons Learned from the Giant Earthquake -
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Table 1 Max. amplitudes of of the Kogakuin and STEC buildings during 2011 East Japan earthquake

(a) Kogakuin University Building

(b) STEC Office Building
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The 2011 off the Pacific coast of Tohoku earthquake have bought destructive damage to huge area of Japan. Sever dame
were found in huge area around Kanto and Tohoku region, where are mid and northern area of Japan, respectively. Tsunami h
attacked to the Pacific coast of Tohoku region and the damage caused by liquefaction were found at very large area around Kar
and southern Tohoku region.

On the other hand, damage caused by earthquake ground motions was fewer than damage by Tsunami and liquefaction, thot
very large accelerations were recorded at many sites. They seem to pay few attention to damage by ground motions. Howeve
sever damage by motions was recognized at some limited areas, such as Furukawa, Tome, and so on.

After the earthquake, we have carried out the detailed survey of damage in Furukawa, where is located in northern part o
Miyagi prefecture.  Although the downtown of Furukawa is not so large, that is, only about 2 km x 2 km, the damage dis-
tribution was not uniform. Severe damage of wooden structures was found mainly in the southern part of the downtown anc
few damage in northern part.  Of course, we have to consider the differences of structural ages, but the anomaly of damag
distribution had enough persuasive to suggest anomaly of earthquake ground motions.

To understand the anomaly of damage distribution, we began observation of earthquake ground motions using very dens
sensors in Furukawa. In the area of 2 km x 2 km of downtown, we have installed 19 sensors by the end of 2011. As a resull
the anomaly of ground motions is large beyond our consideration. It is very difficult to explain them using a simple physical
model such as one-dimensional ground model.

The anomaly of ground motion must be caused by anomaly of ground structure. Thus, to know it, we carried out the gravity
survey around the Furukawa area. In this area, it seems to be estimated that soft soil sediments is not so thick: the depth
engineering basement is less than 50 m. This means that very high resolution of gravity anomaly is required. The intervals o
observations are less than a few hundred meters in the downtown.

The Bouguer anomaly shows different features from anomaly of ground motion and predominant period of response spectre
This suggests that the ground structure seems to be very complicated in Furukawa area.

For the further study, we have to carry out the gravity survey with shorter interval of sites. Furthermore, other kind of physical
parameters may be necessary to obtain more accurate model of ground structure, such as magnetic survey and so on.

o0o000:00000000,201100000000000,0000,0000,00000000
Keywords: Furukawa, Osaki, Miyagi, 2011 Tohoku earthquake, gravity survey, ground structure, dense seismic array observatiol
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Long-period strong motion simulation of the 2011 Tohoku earthquake based on reviset
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