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COMPARISON BETWEEN EARTHQUAKE RECORDS AND ANALYSES ON LIQUID-SURFACE
DISPLACEMENT BY SLOSHING IN HUGE CYLINDRICAL TANKS
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By Nobuaki SAKAKI, Hiroaki NAGAOKA, Takashi OKAMOTO and Kazuo KOYAMA

This paper deals with the practical applicability of a calculation method which can be

used to predict liquid-surface displacement during an earthquake. We took measure-

ments of the sloshing of huge cylindrical tanks and then compared our calculated values
with actual earthquake records. This calculation method is based on the linear potential

theory. The earthquake records of LNG or petroleum storage tanks are used for the

comparison. When the liquid-surface displacements are small, the calculated natural

periods and liquid-surface displacements agree with the recorded figures. But as the li-
quid-surface displacements become larger, the recorded values become larger than the

calculated ones by reason of a non-linear response. The recorded values become (. 84 to

1.12 times as large as the calculated ones.
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Fig.3 Observed ground accelerations and double integrated
displacements of the accelerations,
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Fig.4 Power spectra of ground accelerations shown in Fig, 3.
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Fig.7 Fluid-surface displacements and the power spectra
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Table 2 Dimension of tanks and natural period of sloshing.

Tank Inside Hight of Liquid-| t-st Natural Lt
No. diameter Surface period
" m m of Sloshing S km
1 62.00 13.893 10.0 4
2 64.60 13.348 10.5 12
3 71.70 16.900 10.6 12
4 78.46 20.342 10.8 14
5 78.46 20.000 10.8 14

Lt : Distance between the tank and the point where
the ground motion was recorded.
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Fig.13 Liquid-surface displacements by sloshing of oil tank.
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Fig. 15 Maximum liquid-surface displacement.
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Fig. 16 Ground displacement and liquid-surface displacement.
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Fig.18 Liquid-surface displacements calculated by linear

analytical solution and non-linear numerical method.
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