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This paper is a five—chapter entitled “Seismic Repair of Gymnasiums by Re—tightening Turnbuckle Braces”.
This paper discusses the seismic repair of turnbuckle braces with out-of-plane deformation by
re-tightening.

In Chapter 1, “Introduction,” the background of the research is presented. Gymnasiums are often used
as evacuation facilities during disasters, and ensuring their seismic performance is an important issue
in disaster prevention. However, even a slight deflection of the turnbuckle brace, which is often used
as an earthquake-resistant element, causes hesitation in the use of gymnasiums as an evacuation facility.
This study focus on the possibility of increased deformation of turnbuckle braces due to aftershocks and
the effect of post—disaster repair by re-tightening.

In Chapter 2, “Analytical Study on Continued Use of Gymnasiums against Aftershocks”, a numerical
analysis is conducted using single—degree—of—freedom system to confirm the influence of aftershocks. It
was clarified that the maximum deformation does not increase when the magnitude of aftershocks is less
than 20% of the main shock. Furthermore, looking at the past earthquake records, it was found that most
of the aftershocks that have occurred frequently are less than 20% of the main shock in terms of PGV.
In other words, the damaged gymnasiums can continue to be used without urgent repairs.

In Chapter 3, “Proposal of seismic repair by re—tightening the turnbuckle brace”, the experiment was
conducted focusing on the mechanical behavior of the turnbuckle braces before and after retightening.
It was found that the turnbuckle braces were stable performance even after multiple re-tightening.

In Chapter 4, ” Analytical Study on the Effect of Seismic Repair on Deformation Suppression of Gymnasiums
” a numerical analysis for aftershocks including partial repair was conducted. It was shown that more
than about 1/4 of the damaged braces need to be re-tightened in order to suppress the deformation of
gymnasiums against most aftershocks.

Finally, in Chapter 5, “"Conclusion”, the findings in each chapter are summarized. In addition, future
issues are presented.
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