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Abstract: L arge-scale unanchored vertical liquid storage tanks are being goplied extensively, its dynanic parameters,
auch as the natural frequency and mode shgpe, are very often used in sisnic engineering The natural mode of 15 X
10'm’ sorage tank was analyzed by AD NA finite elenent technique using $ring elenent to smulate foundation, and
considering the liquid-structure interaction effect The reaults show that there is snall difference betveen the finite
elanent technique and thewell-known code fomula on mode analysisof tanks the vibration fomsof the lowv-frequen-
cy sgment of 15 x10'm’ storage tank are various, anongwhich cos® sin® bean vibrations are the leading one, the
vibration fomsof the liquid are smple, namely cos® sin® beam vibration; the frequenciesof liquid-structure cou-
pled vibration are ensitive o foundation stiffness, are folloved by the liquid height and the ratio of tank height to ra-
dius and are insensdtive o the thickness of tank wall; doshing frequencies of liquid are insensitive to foundation
stiffness aswell as the thicknessof tank wall, and are snsitive © liquid height aswell as the ratio of tank height ©
radius
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Fig.2  The model of foundation spring elements
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Fig.3  The FE model of steel elevated storage tank
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Tablel The general equivalent stiffness and damping of foundation
Ky Ky (N/m) K/ (N /m) Cix Chy (N s/m) Cp/(N- s/m)
15 x10*m® 5 94533 x10% 7. 38769 x 101 479432 x10° 1 03428 x10%
K K K XYZ
21 ADNA
ADNA 8 4 15 x10'm’ , Deteminant search method
?
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Table2 The comparison of liquid-structure coupled period betwveen FE method and code fomula
|7 -7l |1 - 7l
, ,, (9 Te Te
T (9 T (9 % 100% x100%
1000m® Q112 Q 107 Q124 9 6% 13 7%
5000m® 0 164 0 165 Q 170 3 5% 2 9%
10 000 m® 0 192 Q 192 0 189 1 6% 1 6%
50 000 m® Q 274 0. 270 Q 290 5 5% 6 9%
2 y ] )
, 16% 9 6% ; ,
16% 13 7% ,
3 , 3
, 03% Q6% Table 3 The camparion of sloshing period of liquid
2 betveen FEA method and code fomula
cos® 1 7, - 1, | x100%
0sd Tw (9 Tw (9 T
(6] 1000m® 3 64 365 0 3%
cos 5000m?® 4 96 4 99 0. 6%
\ 10 000 m® 571 573 0 3%
, 50 000 m° cos®
50 000 m® 9 04 9 08 0 4%
3
3 15x10'm
15 x10'm’ 11 11 4
, 15 x10'm° ., cos® sn® , cos®
56 : ., cos® sin®
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4 15x10'm’
Table 4 The natural frequencies of 15 x 10'‘m° sbrage tank

f/Hz f/Hz
m n m n
1 1033 1 - - Q 0000 026
23 1 2 1297 23 1 1 Q 0772
4 1 2 1 807 4 2 2 01152
56 1 1 1812 2 2 0 1154
7 1 2 1 920 2 1 0 1345
2 269 78 2 3 Q 1426
2 418 9 10 3 1 Q 1639
10 11 1 3 2 829 11 2 4 0 1641
m ’
15 x10'm’ 26 4, 24 >
MODE 2, F 1.297
TIME 1.00 MODE 6, F1. 812
TIME 1.00
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Fig.4  The mode shapes of liquid-tank system
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Fig.5 The sloshing mode shapes of liquid
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Fig. 6  Effect of foundation on natural frequencies Fig.7 Effect of tank wall thickness on natural frequencies
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