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Retrofit Design Based on Limit State Analysis to Large Liquid Storage Tank
Subjected to Tsunami

OToku NISHIMURA*!

Keywords : Tsunami, Wave Force, Liquid Storage Tank, Limit State, Retrofit Design

Under the 2011 Tohoku-Chiho Taiheiyo-Oki Earthquake, liquid storage tanks in petroleum industrial complex
were damaged by tsunami. The features of structural damages are as follows:

(1) Structural damages resulted from scouring of foundation by tsunami and liquefaction of ground by seismic

motion

(2) Large movement by tsunami, e.g. sliding, lifting and overturning

In this paper, focusing on (2), we propose a limit state analysis to obtain limit tsunami flood depth enough to
move liquid storage tank. Applying this analysis, retrofit design to calculate required reinforcement is shown.

We define the limit state of liquid storage tanks subjected to tsunami that there are not any damages of the tank
and the reinforcement elements. Resulting from the definition, we use the serviceability limit state design based on
elastic analysis. Parameters are tsunami flood depth and the ratio of internal fluid. For the tanks, which contain the
liquid volume more than 5000kl, numerical results are shown.

[1] The radius of tank influences in the magnitude of external vertical force.

[2] In the case that the ratio of internal fluid is low, tsunami flood depth at the limit state depends on normal
stress of the reinforcement. Provided that the ratio is high, tsunami flood depth depends on shear stress of
the reinforcement.

[3] The construction to block entering water under the bottom of tank is effective measure to prevent tank
moving. Especially, in the case that the ratio of internal fluid is low.

[4] Limit flood depth increases as increasing of the ratio of internal fluid.

The representative numerical examples show the flow chart to calculate the volume of required reinforcements
and the retrofit design chart based on the proposed limit state analysis.

*1 Professor, Department of Architecture, Kanazawa Institute of Technology, Ph. D.

W R14 i



