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Long-period Ground Motion

Summary
A long-period earthquake ground motion contains long-period components which vibrate structures with long period, such

as tall buildings and seismically isolated buildings. These structures resonate with the earthquake and vibrate in large
deformation as well as in long duration. Long-period vibration has characteristics of low damping which results in a long
duration and long distance transfer. Though, long-period earthquakes have been studied for about half century, Tokachi-oki
Earthquake in 2003 was an event that ordinary people recognized this phenomenon. This earthquake shook and fired a large oil
tank which is built 250 km far from its epicenter. This fact shocked people in Japan. After the earthquake, study and
development about long-period ground motion were accelerated. The 2011 off the Pacific coast of Tohoku Earthquake featured
this phenomenon again. This earthquake shakes tall buildings even in Osaka as well as those in Tokyo. Takenaka R&D Report
in this year had a special report on the Tohoku earthquake. After four years passed, Takenaka R&D Report planned to feature a
long period-ground motion to present new knowledge and technologies which had been studied and developed after the Tohoku
Earthquake. To prepare a forthcoming large earthquake that would cause a long-period ground motion, it is desirable that the
following subjects will be solved. (i) Precise prediction of a forthcoming earthquake ground motion, (ii) safety design of
buildings considering the predicted earthquake ground motion, and (iii) processing and providing of information about the
earthquake and building during the earthquake. In this report, current answers to these subjects were presented each by the
person in charge. In the section 2, topic (i) was presented. Past studies have revealed that a long-period ground motion mainly
consists of surface wave and that a deep ground structure model was necessary to predict it. Recently, a deep ground structure
has been modeled officially. Hence, numerical time history simulations of long-period ground motion are becoming popular in
designing building structure. However, the accuracy of the simulation is strongly affected by a ground structure model and
become an essential subject to be improved. Takenaka has developed a construction method of 3D sedimentary basin model by
applying an inference method of deep underground structure, which is based on seismic ground motion records, into multiple
sites. A result of simulation analysis by a model constructed by the method for an earthquake with medium magnitude shows
that prediction accuracy in long-period become higher than those by existing models. In the section 3, topic (ii) was presented.
When a long-period earthquake ground motion occurs, high-rise buildings and seismically isolated buildings give large
response. Not only structural safety but also non-structural components, indoor furniture and human perceptions are heavily
affected. In isolation buildings, excessive deformation at isolation level and collision with the moat wall may cause severe
damage to superstructure and indoor facilities. Hence, anti-seismic technologies for high-rise and isolation buildings are highly
needed. Most effective countermeasure is to add supplemental energy dissipation devices. Takenaka has developed Shape
Memory Alloy Damper, High-damping Oil Damper and Dual TMD-NT. As for isolation buildings, mainly two types of R&D
have been conducted. One is to evaluate precise mechanical properties and durability of isolators and dampers against long-
period and long-duration earthquakes. Utilizing E-Defense shake table, dynamic loading tests of isolation devices have been
conducted. The other is to apply additional devices to avoid fatal damage at isolation level and superstructure. Takenaka has
been applying or developing technologies such as a shock absorber on the moat, Multi (Double) Isolation concept, and Fail-
safe system incorporated rubber bearing. In the section 4, topic (iii) was presented. Long-period structures such as high-rise
buildings and seismic isolation building should be properly understood their risk against a long-period ground motion. In order
to maintain function during and after an earthquake, a BCP (Business Continuity Plan) which properly assess the impact of the
long-period ground motion and its practice are required. As a supporting technology to develop a BCP, a loss evaluation system
against earthquakes for the super high-rise building which took a long-period ground motion into consideration was introduced.
This system can be used as a direct loss evaluation in BCP development. As countermeasure during and after an earthquake,
two technologies were introduced. One is an earthquake early warning system that takes into account the long-period ground
motion. Another is a health monitoring system of building based on the information of seismometers in the building.
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Seismic Safety / Reliability of Buildings
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Behavior of Buildings Subjected to Long-period Earthquakes
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32 REABEYOICZERTE

Methods for Mitigating Seismic Response of Buildings with Long Natural Period
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Countermeasures for High-rise Buildings
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3.4 REBRMOIREZXI;M

Countermeasures for Seismically Isolated Buildings
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Functional Maintenance of Buildings during Earthquakes
& EEfE  Mutsuhiro Yoshizawa*!
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