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DYNAMIC LOADING TESTS AND RESPONSE EVALUATION OF
STEEL ROOF BEARINGS WITH FRICTION DAMPERS

WA ET, SR R BT AR T
Gy i R VI O = S N (B R
Kazuhiko NARITA, Yuki TERAZAWA, Kou MAEHARA,
Yuichi MATSUOKA, Ryota MATSUI and Toru TAKEUCHI

A large numbers of steel roof bearings in RC gymnasia are damaged at past earthquakes at the 2011 Tohoku Earthquake, mainly due to the
out-of-plane response of cantilevered RC walls supporting the roof frame. In the conventional seismic retrofit method, bearings reinforcement with
steel comer plates and replacement of all the roof braces are required, therefore uneconomical. In this paper, 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.

Keywords : gymnasium, cantilevered RC wall, roof bearing, friction damper, response evaluation
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. Introduction
A large numbers of steel roof bearings in RC gymnasia are damaged at past earthquakes at the 2011 Tohoku Earthquake,
mainly due to the out-of-plane response of cantilevered RC walls supporting the roof frame. In this paper, a detailed
energy-dissipation bearing with friction dampers for steel roofs reducing the response of cantilevered RC walls is fabricated
and the dynamic loading tests are carried out.
2. Dynamic loading tests on friction dampers
To confirm the fundamental characteristics of the friction dampers, quasi-static and dynamic loading tests are performed
on the specimens which are sandwiched by the friction pad between plates. The tests on PTFE pads are also performed. As
the result, the friction coefficient of the friction pads was found to be 0.5 to 0.6, while that of PTFE pads was around 0.15.
3. Dynamic loading tests on energy-dissipation bearing with friction dampers
Next, the energy-dissipation bearings for the steel roof bearings are fabricated, and quasi-static and dynamic loading tests are
performed. In the proposed bearing system, the axial force introduced to the friction pads can be set independently from the
bearing loads. The axial force evaluating the roof weight is also set on the top of the bearing. As the result of quasi-static test, the
hysteresis loops show almost rigid plasticity, and it shows slightly round shape under dynamic loading tests when frequency
becomes larger.
4. The response reduction effects by energy-dissipation bearing
The hysteretic behavior of the friction bearing is modeled into time-history analysis models of typical gymnasia. As analytical
result, it is confirmed that this energy-dissipation bearings reduced the response of cantilevered RC walls within acceptable levels,
in terms of deflections and reaction forces.
5. Simple response evaluation method with DDOF model
Simple evaluation methods by DDOF model composed of cantilevered RC wall and supporting main structure with
energy-dissipation bearing in between is proposed. Because of non-proportion damping system, complex eigenvalue analysis which
ellipse hysteresis adapted in rigid plasticity is applied. Proposed method is confirmed to give good indication of the response and
optimum design of the dampers.
7. Conclusions
A detailed energy-dissipation bearing with friction dampers for steel roof controlling the response of cantilevered RC
walls is fabricated and dynamically tested. Using the experimental results, the response reduction effects are confirmed by

analytical models.
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