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Finite element analysis of 15 x 10°'m’ storage tanks with base
isolation considering soil-structure interaction ( SSI)
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Abstract: To consider the soil-structure interaction ( SSI) effect on the base isolation of the 15 x 10*m’ vertical
storage tank this paper presents a method by using spring-damper system to simulate the foundation soil and the iso—
lation layer and shell element in the analysis of tank wall and bottom plate while the fluid is simulated by poten—
tial fluid element and the ADINA method is used to establish the 15 x 10*m’ tank finite element model. Newmark
numerical integration methods for earthquake response analysis is applied under the seismic excitation in which the
El Centro ground motion is used with peak acceleration 0. 2g. The results show that in the case of considering the
effect of SSI the seismic responses of the non-isolation tank are decreased when there is amplification effect of the
base isolation . In tank seismic design soil-structure interaction in soft subsoil needs to be considered from the point
of view of structure safety.
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The FE model of vertical storage tank
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SSI
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Table 1

The wall thickness and height

of 15 x 10*m’ liquid storage tank

2 3 4 5 6

40 33 26 22 17 12 12
2.98 2.68 2.68 2.68 2.68 2.66 2.66

Newmark

Fig.2 The spring element model of foundation and isolation layer
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Table 2 Stiffness K; and damping coefficients C; in four conditions
SSI SSI SSI SSI
K, (N/m) 1 x10% 3.582 19 x 107 3.067 649 x 10° 3.041 602 x 10°
C;(Ns/m) 0 5.154 x 10° 9.764 918 x 10° 5.168 12 x 10°
2
(1) SSI; (2) SSI; (3) SSI; (4) SSI 4 0
SSI Cc, =0 ; SSI
K, C, X SSI
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Fig. 3 El Centro horizontal ground motion
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Table 3  Earthquake responses of 15 x 10°m® tank
( MPa) ( MPa) ( MPa) (10 x10°N *m)
SSI 225.262 62.080 76.586 8.393 39.082 22.083 7.889 0.882
SSI 156.942 98.335 36.232 32.195 28.294 32.436 5.112 4.183
(%) 30.329 -58.400 52.691 —283.557 27.603 —-46.882 35.201 —-374.263
_ SSI - = SSI % 100%
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Fig.4 Hoop stress contrast
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Fig.5 Radial stress contrast
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Fig.6 Axial stress contrast
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Fig.7  Absolute acceleration contrast in x-direction
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Fig.8 Base bending moment contrast
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