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Abstract: Sloshing of LNG cargo can cause high impact loads on the supporting and containing structures. This is
particularly critical for membrane-type tanks since these will have flat surfaces and corner regions which can lead to
increased peak pressures for sloshing impacts. The membrane-type containment system is much more flexible
compared to the steel hull structure. As a result, fluid-structure interaction plays an important role in the structural
analysis of the containment system under sloshing load. This study is based on the direct calculation method of
applying sloshing loads to the KC-1 basic insulation system using finite element analysis. The structural analysis of
KC-1 basic insulation system considers the dashpot as fluid-structure interaction between liquid cargo and the LNG
containment system. The maximum stress of the polyurethane form for KC-1 insulation system is 1.5 times lower than
one without dashpot.
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Fig. 1 Structure of KC-1 cargo containment system
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Fig. 2 Structure of basic insulation system
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Fig. 3 Finite element model of basic insulation system
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Table 1 Material properties

Elasi aul Coefficient of thermal
I((:Gr|l>1:_) uius Poisson’s ratio expansion
(e-6/C) Thermal conductivity
(W/mT)

E = Es V1o Vi3 Vo3 o8] (o6} a3
Inner hull 206 206 206 0.3 0.3 0.3 11 11 11 15
Mastic 29 29 2.9 0.3 0.3 0.3 60 60 60 04
Polyurethane foam | 0.035 | 0.035 [0.035 | 0.3 0.3 0.3 60 60 60 0.03
Plywood 8.9 75 41 0.17 | 017 | 0.17 55 55 35 0.17

Table 2 Acceleration
Direction Acceleration (m/s?)

L ongitudinal 1.49

Transverse 7.96

Vertical 14.41
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Table 3 Dashpot coefficient

Definition Value

Maximum sloshing pressure (P) 1.24 MPa

Areafor 3X3 Cluster(A) 2.48 m?

Force(F=PXA) 3,076 kN

Velocity (V) 1,700 m/s @

Dashpot coefficient (= F/ V) 1809 N-g/m

Fig. 4 Temperature distribution of insulation system
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Fig. 5 Triangle shaped sloshing pressure

>,
ol

274 g2 AA 170KH =] 150 B8] £24 Alge] o AyolH, Fig 59 o] 4H7tE
Bk AZE-¢E BAIE 00096 = stel Hdol bE 124 MPa o EEste] 00097 = $of 0 MPa
gt o7 "ot}



A2 Frasmddo] y4 doly] wjZol] 1 AACAME WAzdS, AA nbgel w7t

ol e A

AFE AR B dFoAs 3HgEadE Auur] 98 gAZES
0 % 18005 mH3 7 7FA] Edd i) sjAS xSkt

Fig. 7 KC1 @A =8l g9 WS YAXEE A gol wel Aztolgloz F&H3I Aot
QAIZES AE3HA GRS A9 A £24 sk5o] 7HelAE 00096 oA ol omm7b#] EH o
W 7kal &2 shsol v 002 F9AHS & 4 Uk AXE A57F 1800 N-9m &
el = 0016 ZellA Hof 38mm7kA] FHo] Welrtal 24 stso] £ Fo W 4% 2= s

@A == &+ A

-163°C temperature
and vapor and sloshing pressure
on top plywood

Y -Symmetric

g

X-Symmetric

\ X-Symmetric

Z-Fixed along stiffeners +20°C temperature
on inner hull

Fig. 6 Loads and boundary conditions
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Fig. 7 Displacement and time history of top surface for insulation system
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Fig. 8 Stress and time history for polyurethane foam
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