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Evaluation of Seismic Characteristics of Cylindrical Water Storage Tank
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Abstract As for the safer seismic-proof design of large-scale cylindrical water storage tanks
in a nuclear power plant, it is not enough to understand the coupling behavior between the
beam-type and the oval-type vibrations of the tank. The purpose of this study is to investigate the
nonlinear vibration response of the tank when the beam-type and the oval-type vibrations are
coupled. First, the frequency sweep tests with a cylindrical test tank are performed. The results of
the tests demonstrate that the resonance frequency shifts to the lower frequency region and the
magnification factor is smaller when the beam-type and the oval-type vibrations are coupled with the
large input acceleration, and that the oval-type vibration has the significant out-of-plane deformation
of the tank sidewall. Its out-of-plane deformation, which means the amplitude of the oval-type
vibration, is found to decrease the flexural rigidity of the tank. Next, considering such geometrical
nonlinearity, a model with the nonlinear equivalent single degree of freedom system having the
spring constant dependent on the amplitude of the oval-type vibration is proposed. The numerical
simulation using this model can explain the results of the vibration test very well.

Keywords nuclear power plant, cylindrical water storage tank, nonlinear vibration,
coupled vibration, beam-type vibration, oval-type vibration, flexural rigidity,
resonance frequency, magnification factor
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