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Benchmark Tests for Strong Ground Motion Simulations (Part 9: Theoretical Methods,

Step 5 & 6)
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Benchmark Tests for Strong Ground Motion Simulations (Part 10: Numerical Methods,

Step 5 & 6)
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Benchmark Tests for Strong Ground Motion Simulations (Part 11:Stochastic Green’s

Function Method, Step 5 & 6)
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Simulation of strong ground motions from the 2011 Tohoku earthquake and a recipe of

predicting strong ground motions for

ooooot,ooot
IRIKURA, Kojiro '*, KURAHASHI, Susumt

loooooo
L Aichi Institute of Technology

1. Introduction

Source models of the 11 March 2011 mega-thrust earthquake with Mw 9.0 off the Pacific coast of Tohoku have been investi
gated by many authors using variety of data-sets from very long-period data such as GPS and Tsunami to short-period data su
as teleseismic short period P waves and strong ground motion data. The main slip distributions from very long-period data wer
located east of the hypocenter toward the Japan Trench zone (Ozawa, et al., 2011 and Fujii and Satake, 2011). A unified sour
model was constructed through joint inversion of teleseismic, strong motion, and geodetic datasets by Koketsu et al. (2011) ar
Yokota et al. (2011). They showed that the main rupture propagated not only in the strike direction but also in the dip direction
and included both the deep area called the Miyagi-oki region and the compact shallow area near the Japan Trench. On the ott
hand, we made a source model for generating short-period ground motions comparing observed strong motions with simulate
ones using the empirical Green’s function method. Our results showed that strong motion generation areas located along tt
down-dip edge of the source fault. Koper et al. (2011) found the frequency-dependent rupture process of the 2011 Mw 9.0 To
hoku Earthquake comparing source models using backprojection (BP) imaging with teleseismic shortgiesiod waves, and
finite faulting models (FFMs) of the seismic moment and slip distributions inverted from broadbary] {eleseismic P waves,
Rayleigh waves and regional continuous GPS ground motions. Their results showed indicate that the down-dip environmer
radiates higher relative levels of short-period radiation than the up-dip regime for this earthquake.

That is, the source models summarized above have common features of the source models that the main slip distributior
from the long-period data were located east of the hypocenter toward the Japan Trench zone, while short-period generation are
located west of the hypocenter. These results are not consistent with the basic idea of the recipe of predicting strong grour
motions developed based on slip distributions from the waveform inversions for inland crustal earthquake with M 7 class. The
recipe was so far constructed based on an idea that large slip areas coincide with strong motion generation area.

In this study, we first summarized source models for generating strong ground motions and then propose an improved idea f
recipe of predicting strong ground motions for mega-thrust earthquakes.

2. Source models of strong ground motions

We estimate a source model for generating strong ground motions from this earthquake using the characterized source mod
Five wave-packets in the observed seismograms were identified, which originated from five strong motion generation areas (SM
GAs) on the source fault. The locations of the SMGAs are constrained using the back-propagation method of Kurahashi an
Irikura (2010).

Then we obtain the final solutions for the area and initiation point by comparing the observed seismograms of each wave-packs
and the synthetic ones at many stations using a trial and error approach. Locations of those five SMGAs seem to correspond
source segments divided for past seismic activity in the region off the Pacific coast of Tohoku by the Headquarters for Earthquak
Research Promotion of Japan (HERP). SMGA 1 is located in the source region of Southern Sanriku-oki west of the hypocente
and SMGA 2 in that of the Middle Sanriku-oki north of the hypocenter. SMGAS3 is located in the source region of the Miyagi-oki,
SMGA 4 is located in that of Fukushima-oki and SMGA 5 is located in that of Ibaraki-oki.

These results suggest a way how to locate such strong motion generation areas for predicting strong ground motions from tt
mega-thrust earthquake.

3. Methodology of predicting strong ground motions for mega-thrust earthquake.

Detailed methodology of predicting strong ground motions is introduced in the session.

goooo:ggobo,0b0oo,0oobu,0dooob b, booooo,o0oog
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Revision of seismic hazard assessment after the 2011 Tohoku earthquake
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Change in site amplification factors before and after the 2011 Off Tohoku earthquake
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Building Damage Ratios and Ground Motion Characteristics during the 2011 off the Pa-

cific coast of Tohoku Earthquake
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WU, Had™*, MASAKI, Kazuak?, IRIKURA, Kojiro3, WANG, Xin3, KURAHASHI, Susumd
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IGraduate School of Engineering, Aichi Institute of Technola@gepartment of Urban Environment, Aichi Institute of Tech-
nology,3Disaster Prevention Research Center, Aichi Institute of Technology

The relationship between building damage ratios and ground motion characteristics, such as peak ground accelerations (PGA
peak ground velocities (PGVs), JMA seismic intensitiedNIAs), spectral intensities (SIs), acceleration response spectra (Sa)
and pseudo velocity response spectra (pSv) was discussed for the 2011 off the Pacific coast of Tohoku Earthquake. In this stuc
damage ratio is defined as the ratio of the number of damaged buildings including collapsed, half-collapsed and partially dam
aged ones, to the total number of buildings in each district (an administrative unit, such as a city, or town). The damage statistic
were obtained from the Fire and Disaster Management Agency published on January 13, 2012. The districts mainly damaged t
tsunami were excluded. It was found that DRs correlated better with velocity indices such as PGVs, pSv and Sls than acceleratic
ones such as PGAs, Sa andWAs, and DRs correlated better with pSv at 0.5 s than those at 1.0 s and 1.5 s from the view of
coherence coefficients. In general, DRs tended to increase with the level of ground motion characteristics, but the damage rati
in some districts did not correspond to suitable level of ground motion characteristics. It was suggested that the ground motio
characteristics at the K-NET and KiK-net stations might not represent those in the damaged districts because the stations are
away from the damaged areas.

In order to establish the relationship between building damage ratios and ground motion characteristics in the damaged arec
the estimations of ground motion at the damaged sites were performed based on microtremor measurements. They were acca
plished by the product of bedrock motions and site amplification factors at the damaged sites. The ground motions on bedroc
under damaged sites and observation stations were assumed to be the same. The bedrock motions under the damaged sites
estimated from observation spectra on surface divided by site amplification factors at the observation station. Then the groun
motions were estimated from the product of the bedrock motions and site amplification factors at the damaged sites. Therefore,
was necessary to find the subsurface S-wave velocity structures both at the observation station and damaged site to estimate -
amplification factors. Based on one dimensional Haskell multiple reflection theory, the S-wave velocity structures were obtainec
by inversion of the microtremor H/V spectral ratios. We conducted microtremor measurements and building damage survey &
the observation station and the damaged sites. The H/V spectral ratios of microtremor at the observation station showed goc
consistency with those of ground motions from small earthquakes, which indicated that the inversion of microtremor H/V spec-
tral ratios was feasible, just as the seismic motion ones. The ground motion characteristics at the damaged sites estimated by 1
above procedure were related with the damage ratios.

oo000:00000,00000,sS00000,HvVO0O0O0O0O0O
Keywords: ground motion characteristics, building damage ratio, S-wave velocity structure, H/V spectral ratio
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IDisaster Prevention Research Center, Aichi Institute of Technot@pptment of Urban Environment, Aichi Institute of Tech-
nology

The building analyzed in this paper is a severely damaged nine-story steel reinforced concrete (SRC) building during the 201
off the Pacific coast of Tohoku Earthquake, which was designed and constructed in 1990 according to the new anti-seismic desic
code of Japan. Hereafter it is called K9SRC for short. Obvious shear cracks happened in the external concrete walls in the long
tudinal direction (EW), which can be defined as non-structural damage. However, the shear deformation of walls brought abou
distortion of entrance doors, which hindered escape during the earthquake. The building K9SRC suffered structural damage |
the northwest corner column of the first story and multistory shear walls of lower stories, whose steel bars have yielded and bee
exposed to air. After the earthquake, the building K9SRC was classified to be dangerous. Residents have to move out until it i
repaired.

According to the preliminary reconnaissance report of the 2011 Tohoku-Chiho Taiheiyo-Oki Earthquake published by the Ar-
chitectural Institute of Japan, buildings constructed after 1981 generally showed a good performance during this earthquake, ar
few of them suffered severe damage. Furthermore, based on the on-site investigation performed by our study group, there are
buildings damaged as severely as the building KOSRC within 1000 km of it. Therefore, the building K9SRC should be paid more
attention to scrutinize the damage of it.

In this paper, we made comparative observations of microtremors on each floor and the top of the building KO9SRC to extrac
the shear-wave velocity (Vs) traveling within each story using the deconvolution method. Because the shear wave velocity relate
only with the seismic property of the structure, it is a reliable way to evaluate the inter-story shear stiffness degradation.

Based on the analyses, Vs decreases more greatly in the longitudinal direction than in the transverse direction. The interfloc
Vs in the longitudinal direction has decreased to less than 300 m/sec. In the transverse direction, the Vs decrease along the hei
of the building, and Vs traveling in the lower four stories are higher than 300 m/sec. Vs traveling within the first story decreased
obviously because of the damage of the corner column. The Vs traveling within the 5th and 6th story decreased to less than 3(
m/sec in both of the longitudinal and transvers direction.

00000:00000000,0000,000000,0000
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