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Evaluation on Distribution of Story Shear Coefficient

for Structural Design of Seismically Isolated Building

Masanori Iiba?, Kazuo Tamura?, Masaaki Saruta®, Takuya Nishimura?, Kazuhiko
Morikawa?, Yoshihisa Kitamura®, Masato Kobayashi® and Tadashi Ishihara?

Abstract

As a method of evaluation for earthquake response of buildings, the method based on
an acceleration response spectrum was proposed. One of the methods, the response and
limit strength calculation was proposed. As to seismically isolated buildings(hereafter
as to SIBs), the equivalent method of the response and limit strength calculation is
applied in the Notification No0.2009 of 2000, Ministry of Construction (at present,
Ministry of Land, Infrastructure, Management and Tourism) (hereafter as to MLIT)
(hereafter as to Notification). In the method based on the acceleration response
spectrum, the building is replaced to a degree of freedom model with an equivalent
period (calculated from equivalent mass and stiffness) and an equivalent damping
factor. In the SIB, a superstructure is set to a rigid with all of the mass above the
isolated layer and the equivalent stiffness and the equivalent damping factor are
calculated based on characteristics of isolators and dampers which are installed in the
isolated layer. In the SIB, as the superstructure is not modeled, a shear-force of each
story is necessary to prepared as the calculated equation.

Natural rubber bearings, Lead rubber bearings and high damping rubber bearings
have been mainly used as isolators and as dampers steel, lead and hydraulic ones have
been used. Recently, the diversification of structural design of SIBs can be recognized,
under the situations that large-size isolators for high-rise buildings are used, the period
of SIBs are longer to reduce the acceleration response and various kinds of dampers are
used to reduce the displacement response. As a result, various characteristics of shear
force vs. deformation and damping effects are applied to the structural design for SIBs.

Under the background, there are considered to be much difference of the story
shear-force of superstructure by time history analysis from that calculated by the model
at the age when the Notification was in force.

Under the Construction-Standards Maintenance Promotion on the task topic, No. 12

(2008-2009) supported by the MLIT, the evaluation of the story shear-force distribution
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of superstructure based on results of time history analysis of SIBs had been
conducted. The analysis had been done through setting several parameters which to
affect earthquake responses. Regression equations for the story shear-force
distribution of superstructure were summarized and proposed.

Outlines of the report are summarized in the following.

Chapter 1: To evaluate the story shear-force distribution of superstructure, surveys
on tendency of the situation of SIBs during the past decade are summarized. And
purposes and the organization of the evaluation are described.

Chapter 2: The information of SIBs, isolators and dampers which had been designed
from 2005 to 2008 is surveyed to find out the parameters focused on the study. The
analyzed items are building uses, characteristics of superstructure (number of stories,
structure, natural period and damping factor, etc.), soil conditions, kinds and modeling
of isolators and dampers, past results and earthquake responses of SIBs (maximum
acceleration and displacement and story shear-force) etc.

Chapter 3: The earthquake responses of superstructure and isolated layer are
calculated through the time history analysis. As parameters of the models, 2 to 4 cases
are selected form following items; superstructure (1st natural period, damping factor),
isolator and damper (yield shear-force and yield displacement and natural period with
second stiffness of isolator), earthquake motion. The story shear-force distributions of
superstructure are analyzed under the several key parameters; natural period of
superstructure, isolated period of SIB based on 1st stiffness, equivalent period of SIB
and equivalent viscous damping factor based on shear-force vs. deformation at isolated
layer. The regression equations including dispersion are calculated among the key
parameters. And the degree of fitness of regression equations to earthquake response is
confirmed.

Chapter 4: The new proposals on the calculation equations of story shear-force
distributions of superstructure are conducted. One of the proposals is a revised
coefficient method of the present evaluation method. The others are new proposals for
evaluating the story shear-force distributions of superstructure. There are two
equations with different key parameters as follows;

a) Parameters; the ratio of natural period of superstructure to the isolated period of
SIB based on 1st stiffness, and the equivalent viscous damping factor based on
shear-force vs. deformation at isolated layer

b) Parameters; the natural period of superstructure and the equivalent viscous
damping factor described before

Chapter 5: The concluding remarks are summarized and some notices are presented

for application of the proposed method.
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