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Recent Earthquakes often proves that conceptual change is necessary when designing a
structure for earthquake prone areas. Many buildings damaged in earthquakes had to be
demolished due to high repair costs making restoration unfeasible. Current design principles aim to
save lives at the expenses of structural damage. The objective of new design approaches is to
minimize damage with no loss of life and therefore minimize the cost of repair.

To minimize damage of the building and residual deformation after earthquake is essential so
that reinforced concrete buildings (RC building) can be continuously used after major earthquakes.
I have been developing a structural design methodology for RC buildings that suppress the residual
deformation at less than 1/400 rad., even if the maximum story drift reaches 1/50rad. at the
earthquake, without vibration control and seismic isolator.

This technique consists of replacing a part of top reinforcements in beams with high-strength
bars; controlling the restoring moment ratio in column hinges at first story of the buildings.

This technique is cheaper than conventional damping systems or isolation systems.

In Chapter 1, background and purpose of this study, and structure of this thesis are described.

In Chapter 2, analysis models for the RC beams with high-strength bars are described, and the
analysis results are compared with the experiment results. Plastic hinges in the beam are modelled
to a multi-spring: shear slip is modelled to a shear spring: pullout of reinforcements from columns
is modelled to a rotational spring. Reduction of stiffness due to crack in concrete is considered in
the beams. As for conventional beams, ordinary steel bars are used in all reinforcements, however,
as for improved type beams, which high-strength bars are used partially. The conventional beams
and the improved beams are modelled by each analysis models. The accelerations of displacement
history based on the experiments by the quasi-static loading are prepared. In the analysis, the
accelerations act on the mass point of the beam models. The analysis results are examined on
absorption energy, residual deformation, ratio of the deformation of all parts, etc.

The analysis predicted the residual deformation slightly less than the experimental values,
however, it was found that the analysis predicted changes of the residual deformation according to
maximum displacement and second rigidity in the beams after flexural yielding.

In Chapter 3, analysis models for RC columns are described, and those analysis results are



compared with experiment results. RC columns also are modelled and are analyzed using similar
modeling to the beam in Capter2. The restoring moment ratio (y) is defined as an index that affects
significantly to the residual deformation of the columns after flexural yielding at the bottom of
column. Parametric analysis was conducted to clarify the residual displacement with the ratio vy.

It is revealed that, when y being beyond 0.4, the residual deformation is suppressed less than
1/400rad., even if the maximum deformation of the columns reached to 1/50rad.

In Chapter 4, analysis models for one-way RC frames are made using the analysis models for
beams in Chapter 2 and the analysis models for columns in Chapter 3. Moreover, as for these
analysis models, time history response analyses using five earthquake waves are conducted. 5
stories RC frames and 12 stories RC frames are classified into four types according to the ratio of
high-strength bar in the beams. The ratios of high-strength bars of the top reinforcement in the
beam are 100%, 50%, 25%, respectively in the case of the improved type I, type I, typelll.

The residual deformation of analytical results varies significantly due to the earthquake waves
or the frames. As the second stiffness in beams due to the high strength bars increases, the residual
deformation tends clearly to be reduced. By Hachinohe wave, maximum residual deformations of
the conventional frame with 5 stories reach 1/272 rad., the decreasing rates are 81%, 74%, 48% ,
respectively in the case of the improved beams type I, typeIl, typelll. Likewise, by El Centro wave,
maximum residual deformation of the conventional frame with 12 stories reaches 1/414rad., its
decreasing rates are 58%, 49%, 36%, respectively in the case of the improved beams type I , typeII,
typelll.

Regardless of earthquake waves, as the second stiffness of the frame was higher, the
story-shearing force tended to be higher. In case of El Centro wave, the increasing rates of the base
shear coefficient at the conventional frame with 5 stories are 33%, 23%, 12%, respectively in the
improved beams type I, type II, typelll. Likewise, in case of Hachinohe wave, the increasing rates of
base shear coefficient at 12 stories are 35%, 22%, 12%, respectively in the improved type I, type
II, typelll. No remarkable differences by the type of frames are recognized about the maximum
story deformation.

In Chapter 5, the results of the research from Chapter 2 to Chapter 5 are summarized.
Furthermore, problems due to increasing the second stiffness of the frame are described, and future
plan about the evaluation methods of the residual deformation is described.



