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ANALYSIS OF BULGING BEHAVIORS OF RECTANGULAR WATER TANKS
FOR SHORT-PERIOD STRONG GROUND MOTION

Ryosuke INOUE, Fujikazu SAKAI and Shuichi OMINE

According to our damage survey of rectangular-shaped water tanks and distributing reservoirs in the
2011 East Japan Earthquake, the 2016 Kumamoto Earthquake, etc. , the damage caused by bulging is
significantly greater than the damage caused by sloshing. However, with respect to the bulging character-
istics of rectangular tanks, so far many have not been studied and there has been no clear description in
the current seismic design guidelines of those tanks. In this paper, the authors picked up four typical
rectangular water tanks and distribution reservoirs which were designed in recent years, and through
detailed FEM analysis, clarified the bulging characteristics of natural vibration such as natural period and
dynamic pressure distribution. We also conducted response analyses of those tanks for typical strong
ground motions such as the JMA Kobe record during the 1995 Hyogoken-Nanbu Earthquake and the
Small-Titan Nanakita record during the 2011 East Japan Earthquake, and found that there is a possibility
that the dynamic pressure (“fluid-elastic pressure™) due to bulging overwhelmingly exceeds the levels of
the current seismic guidelines in the case of the latter record, where the very short-period strong ground
motion was dominated. This implies that we must take the bulging effects into account in the seismic de-
sign guidelines to improve the vulnerabilities of rectangular water tanks against earthquakes.



