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STUDY ON LONG-PERIOD GROUND MOTIONS AND RESPONSES OF
SUPER-HIGH-RISE BUILDINGS ETC.
- Proposal of updated empirical equations for long-period ground motions and evaluation
of responses of super-high-rise and seismically isolated buildings under the hypothetical
Nankai-Tonankai-Tokai connected earthquakes -
by
Izuru Okawa®, Toshimi Satoh?, Toshiaki Sato®, Masanobu Tohdo?,

Haruyuki Kitamura®, Shingo Torii®, Yasukazu Tsuji®, Yoshihisa Kitamura”
ABSTRACT

The formula for predicting the long-period motion that was proposed in 2010 were verified with the
recorded data collected during the 2011 off the Pacific coast of Tohoku earthquake (hereafter referred to as
the Tohoku-oki earthquake) and its aftershocks. The formula were revised in the viewpoints that it
simulates the Tohoku-oki earthquake i.e., large magnitude earthquake. The results were that the formula
needed to introduce the second order terms with the moment magnitude Mw, to accommodate the values
for large magnitude earthquakes.

Another improvement was to consider the difference in attenuation properties with distance between the
Pacific plate, the eastern side, and the Philippine Sea plate, the Nankai trough case. In addition, the
difference needed to be introduced with the site amplification property in case the natural period of the
deep ground became quite large for sites within the Kanto plain.

With the revised model, comparisons were made between predicted and recorded values for the 2011
Tohoku-oki earthquake. It was shown, therefore, that the revised model gives better approximations than
the older model. In addition the comparison was also made between predicted values and the values with
the long-period earthquake motions prediction maps by the Headquarter for Earthquake Research
Promotion (HERP), Ministry of Education, Culture, Sports, Science and Technology (MEXT). It was also
concluded that there were no distinctive differences between the two. Thus, the revised model efficiently
reproduces the recorded values, and then the model was applied to the connected earthquake models. The
objective source model was the Nankai-Tonankai-Tokai three-connected earthquake model. The model was
originally used by Tsurugi et al. (2005) based on the proposed model by the Central Disaster Management
Council (CDMC), Cabinet Office in 2003. Using this source model, the earthquake motions for the
principal sites, (i) the west of Shinjuku in Kanto plain, (ii) the Tsushima, west of Aichi Prefecture, in Nobi
plain, (iii) Konohana, Osaka plain and (iv) Hamamatsu just on the seismic source were computed with the
average, and the average plus standard deviation levels, since the prediction equation is based on the
recorded motions.

The computed motions were further used as input motions for response computations of high-rise buildings
and base-isolated buildings. Variety of analytical models was selected for both classes of buildings. The
high-rise buildings include 6 steel and 7 reinforced concrete building models, with the height of 100 m
through 250 m.
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The base-isolated buildings were selected with respect to the construction periods, types of super structures
and height, and also the types of control devices such as rubber and/or dampers. Totally twenty two models
were selected to use for analyses. The input motions with aforementioned levels or sites were subjected to
each of the structural analytical models.

Most of super-high-rise building cases with input motions of the average plus standard deviation levels
showed the computed responses in excess of their design limit. The responses of base-isolated buildings
were rarely excessive in case of the input motions of the average levels, however, with "plus standard
deviation" level input motions, some portions of the model buildings suffer responses greater than elastic
limit.

Reference
Tsurugi, M., et al. (2005), “A Strong Motion Prediction in Osaka Area for Tonankai-Nankai earthquake”,
Proceedings of the Symposium on the Prediction of the Broadband Strong Motions, JSCE and AlJ. (in Japanese)
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