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Analysis on the influence of thermal insulation layer on the dynamical characteristic
of large — scale LNG storage tank
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Abstract: In order to study the influence of thermal insulation layer on the dynamical characteristic of large — scale LNG stor—
age tank LNG storage tank models of 2 x 10*m’ with thermal insulation layer and without thermal insulation layer were built re—
spectively and modal analysis and seismic response analysis of these two models were carried out to obtain the vibration charac—
teristics and dynamic response based on ANSYS finite element software. The results show that the modal shapes of the storage
tank with thermal insulation layer occurs in the vault and without thermal insulation layer occurs in the tank wall. The thermal in—
sulation layer increases the inherent frequency of the storage tank and changes the displacement deformation the deformation po—
sition as well as the stress distribution. In addition the thermal insulation layer also reduces the equivalent stress and effectively
improves the occurrence of the local bucking on the tank wall near the bottom.
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Tab.1 Material properties of storage tank
/( kg/m’) /MPa
Q345R 7850 2.06 x 10° 0.3
S30408 7860 2.14 x10° 0.278
02358 7850 2.10 x 10° 0.25
60 5 x10* 0.12
145 1.25x10° 0.25
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Fig. 1

Finite element model of storage tank with heat insula—

tion layer
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Fig.2  Finite element model of storage tank without heat in—

sulation layer
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3.2 LNG
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Fig.4 Modal vibration mode figure of storage tank
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Tab.2 Frequency response spectrum of seismic acceleration

[¢3

f/Hz  [(m/s*) | fIHz /(m/s) fI/Hz  /(m/s%)
0.167 0.144 10.408 0.242 2.857 0. 800
0.174  0.148 ]0.444 0.262 3.333 0. 800
0.182 0.152 ]0.448 0.285 4.000 0. 800
0.190 0.156 |0.541 0.312 5.000  0.800
0.200 0.160 |0.606  0.346 6.667  0.800
0.211 0.164 |0.690 0.389 | 10.000 0.800
0.222  0.168 ]0.800 0.444 11.111  0.756
0.235  0.172 |0.952 0.520 | 12.500 0.712
0.250 0.176 |1.176  0.628 | 14.286  0.668
0.267 0.180 |1.538 0.800 | 16.667 0.624
0.286 0.184 |1.667 0.800 |20.000 0.580
0.308 0.188 |1.818 0.800 |25.000 0.536
0.328 0.199 |2.000 0.800 |33.333 0.492
0.351 0.212 |2.222  0.800 50.000 0.448
0.377 0.226 |2.500 0.800 |100.000 0.404
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Fig.5 Displacement deformation of storage tank with heat

insulation layer
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Fig. 7 Equivalent stress of storage tank with heat

insulation layer

0 1e+004  2e+004 (mm) P/I\ X

5e+003 1.5e+004
(a)

0.76326
1.872e-16 Min

0 1e+004  2e+004 (mm) P/I\‘ X
—

5e+003 1.5e+004

8
Fig.8 Equivalent stress of storage tank without heat insula—
tion layer
0 1e+004 _ 2e+004 (mm) I<Z 4.787MPa
— —
5e+003  1.5e+004 8
(b) ’
6
Fig. 6 Displacement deformation of storage tank without heat 6.869MPa.
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