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Performance-based Design of Cylindrical Steel Tanks under Seismic Risks
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The present study is discussed about the seismic risk assessment of steel tanks when a strong
earthquake excitation develops a plastic deformation of base plate by a rocking motion of the
tank.

Current seismic design guidelines underestimate the seismic safety of buckling failure at the
side wall, because the stiffness degradation of the tank is overestimated with the structural
characteristic factor Ds.

The present study proposes the exact estimation approach of the seismic safety of elephant
foot buckling failure at the side wall as well as the crack failure of the base plate. The seismic
performance of the tank is also developed on the limit state design method to provide the
fragility curves for the damage modes of the side wall and base plates.
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Fig.2 Details of side wall, annular plate and base plate.
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Table 1 Seismic design flow
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Table 1 Seismic design flow (cont.)
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Fig.3 Required wall thicknesses at the bottom layer for
each design guideline.
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4 Fig.4 Simplified estimation compared with a seismic

response of a single degree of freedom system of T=0.5.
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Fig.5 Simplified estimation compared with a seismic
response of a single degree of freedom system of T=1.8.
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Fig.7 Stress-strain relationships of base plate and their
corresponding damage modes.
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Fig.9 Probability density of the base plate strain derived
from the stress strain relationship.
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Table 3 Characteristic values of random variables

(4) Item Symbol Unit Mean CoV
Yield stress of base plate o®  |kNiem?| 221 0.2
p v P 5 5 Crack initiating strain of base plate| ¢ B 0.008 025
S5 s &y Sas & s Ultimete failure strain of base plate| ¢, B 0.02 0.3
gLB Yield stress of side wall oV |kNem? | 421 0.2
Leak initiating strain of side wall aV 0.02 0.2
Loading strain of side wall eV variable | 0.1
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Table 2 Dimensions of acylindrical tank

Iltem Symbol | Unit | Amount Fig.11
Diameter D m 79.8
Height H, m 20 [ (17).(18)]
Wall thickness t wall mm | 24t0 32
Thickness of annular plate| t annuiar mm 22
Thickness of base plate t pase mm 6
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