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1. Introduction

In the 2011 Tohoku Earthquake, a large number of school gymnasia suffered damage and were unable to be used as shelters.
One of the most typical damage observed in steel roof gymnasia supported by RC frame were failures at the anchored
connections of steel roof bearings on RC frames. In this paper, the reaction forces at the anchored connections, the
displacements at the roller bearings, and the design requirements of the friction dampers are discussed, followed by proposal
of simple design methods for these connections.
2.Seismic performance of school gymnasia with steel roofs supported by cantilevered RC wall frames

The action of cantilevered RC walls supporting steel roofs is researched using analytical model of actual damaged
gymnasium in 2011 earthquake. The obtained analytical results are evaluated on the observed damages.
3.Seismic response evaluation of cantilevered RC wall frames in school gymnasia with steel roofs.

The action of cantilevered RC walls supporting steel roofs is investigated using parametric analysis model of various school
gymnasia. Based on the analytical results, a simple response evaluation method for the cantilevered frames and reaction
forces at roof bearings are proposed.
4.Response control of cantilevered RC walls with energy-dissipation roof bearings

A seismic retrofit method inserting energy-dissipation elements into roof bearings is discussed and their response reduction
effects on an actual gymnasium damaged in 2011 Tohoku Earthquake is investigated. A simplified response evaluation
method using equivalent SDOF system and an equivalent linearization technique are proposed to determine the optimum
design of the energy-dissipation roof bearings.

5, Dynamic loading tests and response evaluation of steel roof bearings with friction dampers

A detailed energy-dissipation bearing with friction dampers for steel roof reducing the response of cantilevered RC walls is
fabricated and dynamic loading tests are carried out. Using the experimental results, their response reduction effect is
confirmed by analytical models.

6. Conclusions

The practical evaluation methods that we proposed of the reaction forces at the anchored connections, of the displacements
at the roller bearings, and of the design requirements of the friction dampers, are compared with the time history analysis
results. The proposed method is confirmed to be appropriate.
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