5 4545 51 B % w kTR E iRk Vol.45 No.5
20254F 10 H Journal of Disaster Prevention and Mitigation Engineering Oct. 2025

DOT:10.13409/j.cnki.jdpme.20230706004

EFNXNLNG EEREHENRI GRER
BRTHR
WoORS,H

(1. ¥ R2E AT R2ERE, B 200092; 2. AP k2K TRERG % B K E S LK%, L 200092)

WE: 22 XRUERAL(ING)MHEAMRL AN EZART S, AR EBRETHRTRALMSEREE L ELR, AHF
RAL6X10' M’ 9 R KA AR X INGH#EARAE FRET 11145 RAEX LNGHEEEA IR &K%, F 07T
ik Bvty oA e B K vl A, BB T A FRU M ABAQUS # 5T F B R B 454649 A 5 X LNG R A 4%
HEATRUAL AL, il i AR R 69 A FRT AL 7 ok x4 RAE BN 3 AT )L AP L3R 30 & X e P v AR R AL F AL 84 dm ik
Fo B B BTAE AR IEIE T A R LA T i a A2k KGRIl £y 3K E XA A E SR, FHT 28X
INGHHERABLEME02eMED THOT A5 A A 0.4 Eh T oM 5, L 636 ik B we 55 A 4545 o
5 e L ) R B A AT i M A AR R e K AR TR, TR ERAN QAT ERBBEEE M0
EAREGHESDFo kAR E R R E R T , M ik Erh B feZ K EW I WA BAK; QR
EAMER B ER TS M AR O KA MiE Bk R ENRHT ,MAHERT LA LR R
ShLETREA A iR ARG RSP AN EZ TR,

KR AKX LNGHRE; KL 5 #R3h &ils; WEME; PUErkne

FESES: TU3S2 ERARIRAD: A XEHS: 1672-2132(2025)05-1174-13
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Abstract: Full-containment liquefied natural gas (LNG) storage tanks are a critical part of gas supply
systems, and their seismic performance is essential for ensuring urban natural gas supply. This study
used an ultra-large full-containment LNG storage tank with a capacity of 16 X 10° m’ as the prototype
to conduct shaking table tests on a 1 : 14 scaled model of the full-containment LNG tank, and analyze
its acceleration and strain response distributions. Meanwhile, a finite element model of the prototype
tank, considering fluid-structure interaction, was established using finite element software ABAQUS.
Then, the scaled model was modeled using the same finite element modeling approach. The accelera-
tion and strain time histories at high-response locations in the shaking table tests were compared,

thereby validating the reliability of the finite element modeling method. Subsequently, using three seis-
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mic waves from Site Class II as seismic excitations, the shear force distribution under 0.2g ground mo-
tion and structural responses—including acceleration, displacement, and stress distributions under
0.4g ground motion—of the full-containment LNG prototype tank were obtained to evaluate the tank’s
seismic performance and failure mechanisms. The results showed that: (1) under seismic excitations
with dominant frequency bands covering the first-order natural frequency of the structure and long-peri-
od velocity pulse-type ground motions, both the structural acceleration response and maximum inter-
story shear force were significantly amplified. (2) The weak points of the concrete outer tank were at
the connections between the dome and lateral wall. (3) Under excitations of long-period pulse-type
ground motions, the steel inner tank may experience not only "elephant-foot" buckling but also "dia-
mond-shaped" buckling modes caused by substantial liquid sloshing.

Keywords: full-containment LNG storage tank; failure mechanism; shaking table test; fluid-structure

interaction; seismic performance
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