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Abstract: As a two-dimensional equivalent mass-spring model based on a rectangular or cylindri-
cal liquid storage tank, the Housner model is used in seismic response analysis of liquid storage
tanks with different geometric shapes. However, based on previous studies, this model is not
suitable for fluid-structure coupling analysis of complex-shaped nuclear liquid storage structures.
To analyze the passive containment cooling system water tanks (PCS tank for short) installed at
the top of shield buildings in AP1000 and CAP1400 nuclear power plants, a three-dimensional
equivalent mass-spring model is proposed through the introduction of volume correction parame-
ters based on the Housner equivalent mass-spring model of a cylindrical tank. Then, several fluid-
structure coupling finite element models of different tank systems, established with the finite ele-

ment software ADINA, are used for modal analysis. The natural vibration characteristics of liquid
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sloshing in PCS and corresponding annular water tanks are calculated and analyzed with different

box sizes and liquid depths. The calculation results from the integrated finite element and three-

dimensional equivalent mass-spring models are compared, and it is found that the proposed three-

dimensional equivalent mass-spring model of PCS tank can give reasonable estimated values of

dynamic fluid pressure of liquid sloshing under different modes. It is concluded that the proposed

model is suitable for dynamic fluid pressure analysis of a complex-shaped PCS tank. This model

or method can also be applied to the dynamic fluid pressure analysis of other complex-shaped liq-

uid storage tanks.

Key words: PCS tank; Housner model; dynamic fluid pressure; equivalent mass-spring model
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Fig.1 Structure section of PCS tank
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Fig.2 Mass-spring model of the cylindrical container
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Fig.4 Three-dimensional equivalent mass-spring

model of PCS tank
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Fig.5 PCS tank and the equivalent cylindrical tank
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Table 1 Comparison of liquid sloshing frequencies when liquid depth changes
h/m 5.70 6.71 7.72 8.73 9.74 10.75
BIEZH « 1.705 1.595 1.522 1.471 1.433 1.403
A SO AT 2R / Hz, 0.089 0.101 0.112 0.120 0.127 0.133
A R ITRL N R/ He 0.090 0.103 0.114 0.123 0.130 0.137
AR X R 22/ % 1.1 2.0 1.8 2.5 2.4 3
F2 MHETUNBEERIEFMERILE
Table 2 Comparison of liquid sloshing frequencies when outer radius changes
R/m 11 12 13 14 15 16 17
BIESH o 1.618 1.554 1.507 1.471 1.443 1.420 1.402
AR SRR AT A/ He 0.136 0.130 0.125 0.120 0.115 0.110 0.106
A BRI R/ He 0.143 0.135 0.129 0.123 0.117 0.112 0.108
AR AR R 25/ %6 5.1 3.8 3.2 2.5 1.7 1.8 1.9
®3 NERTUNBEERIEFMEILE
Table 3 Comparison of liquid sloshing frequencies when inside radius changes
r/m 2.33 3.33 4.33 5.33 6.33 7.33
BIESH « 1.267 1.318 1.384 1.471 1.585 1.736
A SCAR AT 2R / Hz, 0.136 0.132 0.126 0.120 0.113 0.104
A PR ICAL IR 2/ Hz 0.142 0.135 0.129 0.123 0.117 0.113
AR X R 22/ % 4.4 2.3 2.4 2.5 3.5 8.6
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Fig.6 Finite element models of two kinds of tanks
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Table 4 Comparison of liquid sloshing frequencies when fluid depth changes
h/m 4.69 5.70 6.71 7.72 8.73 9.74 10.75
BIESH o 1.17 1.17 1.17 1.17 1.17 1.17 1.17
AR SCHERY A 3R/ He 0.116 0.125 0.133 0.139 0.145 0.149 0.152
A4 PR TR S5 2%/ H 0.110 0.120 0.127 0.133 0.143 0.149 0.148
AR AR R 25/ %6 5.2 4 4.5 4.3 1.4 0 2.6
x5 MHETUNBERIEFMEILE
Table 5 Comparison of liquid sloshing frequencies when outer radius changes
R/m 11 12 13 14 15 16 17
BIESH o 1.307 1.246 1.202 1.170 1.145 1.125 1.109
AR SCHE R 3R/ He 0.160 0.155 0.150 0.145 0.139 0.134 0.129
A5 PR TR S5 2%/ H 0.157 0.151 0.145 0.143 0.133 0.130 0.130
AR AR R 25/ %6 1.9 2.6 3.3 1.4 4.3 3.0 0.8
F6 NERTUNBERIBEFTMEILE
Table 6 Comparison of liquid sloshing frequencies when the inside radius changes
r/m 2.33 3.33 4.33 5.33 6.33 7.33
BIESH « 1.029 1.060 1.106 1.170 1.257 1.378
R SC AR B %/ H, 0.160 0.156 0.151 0.145 0.137 0.127
A R ITHERIE R / He 0.159 0.157 0.145 0.143 0.133 0.127
AT X 1R 2/ Y 0.6 0.6 4.0 1.4 2.9 0
0.74 0.8
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Fig.7 The first twenty frequencies of PCS tank and equivalent annular tank
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