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Wet Drop Impact Response Analysis of CCS in Membrane Type NG Carriers
| - Development of Numerical Simulation Analysis Technigue through Validation
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Abstract

While the structural safety assessment of Cargo Containment System(CCS) in membrane
type LNG carriers has to be carried out in consideration of sloshing impact pressure, it is

very difficult to figure out its dynamic response behaviors due to its very complex structural

arrangements/materials and complicated phenomena of sloshing impact loading. For the

development of its origi

nal technigue, it is necessary to understand the characteristics of

dynamic response behavior of CCS structure under sloshing impact pressure. In this study,

for the exact understanding of dynamic response behavior of CCS structure in membrane

Mark Il type LNG carriers under sloshing impact pressure, its wet drop impact response

analyses were carried out by using Fluid—Structure Interaction(FSI) analysis technique of

LS-DYNA code, and we

re also validated through a series of wet drop experiments for the

enhancement of more accurate shock response analysis technique. It might be thought that

the structural response

behaviors of impact response analysis, such as impact pressure

impulses and resulted strain time histories, generally showed very good agreement with
experimental ones with very appropriate use of FS| analysis technigue of LS-DYNA code,

finite element modeling

and material properties of CCS structure, finite element modeling

and equation of state(EOS) of fluid domain.
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Pressure sensor Primary barrier (stainless steel)

Primary insulation (PUF)

\ Secondary barrier

Secondary insulation (Triplex)
(PUF)
| | I L ix 1 1
Mastic Strain gauge (WOOd) I Strain gauge (mastic) vy (steel)

Fig. 1 Schematic diagram of measuring
gauges in CCS specimen

Table 1 Scenarios of wet drop test and
simulation of membrane MARK Il type

Incident | Drop height (m)
Items angle(°) [(Velocity : m/sec)
2 3 4
Model 0148580717831
Corrugation (heavy)| v | - | - | N -
Corrugation (light) | v | V[ V| v v
Flat (light) NININT N NN
= 379 =2 SHollaol A30 At=E E
BE2 Fig. 11 &2 CCS ?Z AlB(specimen)
o 20H4Ust AEWAM  LHX  membrane

stainless 1.2 mm) EHO| 3HAMS =24
impact pressure)ﬂ} bottom plywood % mastic

O 22t 10& Y 2B UIACl HEE(strain)0l TSt
XH2E0ICHL D2l CCS T ALl £=HYSG)
AN ASYH0IMS Table 10IM2F &0l CCS
TR AT xak(weight) “5H=0|(drop height),
2l4=2tC(incident angle) & corrugation S0
et =gl AUCH

2. CCSe £C4Ysl U=AH 2dals

ode

2

F MARK III& CCS 2Z29
At SHEAAIEI|(wet drop
test)2t ol XI(drop unit)e A2 201
UL membrane, plywood, R—PUF & Triplex&
AE Fig. 121 CCS L AEHE Fig. 32 Yot
&XIS housing otR0l FHEAHA &&otl, CCS
X AEHS| AR plywoodE housing@te| LHE
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L=63m

LM Rall (4EA, L=6.3m)

Bracket o ———

LM Block (BEA) Max. Drop

Height : 4.3 m
Rig Size : 2.5x1.5%8.3 (m)

=
Water Basin : $%X5%3 (m) ™=

Fig. 2 Test rig for wet drop test

Housing

Supporter \
N\

Hinge for specimen

N rigt3)
Fig. 3 Configuration of drop unit

(a) specimen with flat membrane

(b) specimen with corrugation membrane

Fig. 4 Fabrication of drop specimen
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2.1 CCS 7= AHS R\&tes 2E

3 CCS 7L AlH2 R&ies QU2
Fig. 5%t &0l 2 50,0007H2| solid2t shell 24

2 AT JUCH AIEHO 2=E KA JHA zigS
2 0K 20l TESZE2ZHconcentrated
mass)2Z O|ASIoIRICE R8s LEHM
membranedt plywood, R—PUF1t side housing2
ATl ABEUARE 201 A2 & =(contact) AZALCH
UG A8 AIZH0IEN AFSEl CCS &
ANECO| Y22t SO HE MNSY, 252
g, zigll 2 & M guideliMel OIEE S2
Table 20il HeI3tRACt heavy SE2 Fig. 60IA
QF 20| LHEOl 4002 EZE2H(125.0 kgf)2=2
Ol &t3}5HRALCE.

Reference axis Concentrated
of rotation mass

Reference line
for drop height

Fig. 5 Configuration of 3D finite element
specimen model
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Table 2 Weight of drop unit

0 o
Item 4 ° 8 °
light | heavy

Total weight including
LM guide in test(M)(kgf) 1,077.0(1,577.0( 1,081.0|1,085.0

Simulation model weight
537.4|1,037.4 537.4
(m) (kgb) ’

Concentrated mass per 134.9| 134.9| 135.9

one zig(M-m)/4) (kgf) 136.9

Friction force per an 137.7] 201.6| 1383 13838

half zig(M(g-g")/8) (N)

Fig. 6 Configuration of 3D finite element
heavy specimen model
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MARK III Corrugation membrane
Fig. 7 Pressure sensor locations(P1~P3) on

membrane
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Fig. 71t Fig. 82 22 UHEZ SEH=
Il 2st 22 diM(sensonY HEE HOIX
(dauge)E2| 9IXIE E0=1 UCL Uz sH
HIA 2 HOIKIES |/IXE Jtset & FeteaAl
S0 FXIGIE== Fig. 9 ~ Fig. 120M2t 20|
DA SHALC

Mastic[2P1 SP2 SP3 SP4 SpP5  |Mastiq SP6 SP7 SPB SP3 SP10 |Mastic|
in

Strain gauge
= (plywood) {mastic)
flow

direction ho 35 | 35 | 35.[ 35_|a L jn
T T T v
‘ S SM2

Strain gauge \
(plywood) Strain gauge o

(mastic) il()mm

Fig. 8 Strain gauge locations on plywood
(SP1~SP10) and mastic(SM1~SM2)

Fig. 9 Finite element configuration of strain
gauge locations on plywood(SP1~SP10) &
mastic(SM1 ~SM2)
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Flow direction
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Cross

Plate 5065 17 18 17 18 17 165 20 | 1510} 15)

SP1 SP2 SP3 SP4 SP5 SP6

Cross
plate

Fig. 10 Mesh configuration of strain gauge

locations(SP1~SP10) on plywood(unit : mm)

corrugation membrane

' V(b')'flratl membrane

Fig. 11 Finite element configuration of

pressure sensor locations on membrane
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Fig. 12 Mesh configuration of pressure
sensor locations(P1~P3) on corrugation
membrane(unit : mm)
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2 NURsHHiA s2gEez e 3%
XA 24 AJNE EE SIAALD
2| FERA s 22 2 144,000 ¥
244,0000H0ICF =22 & Linear_Polynomial
O AtEHEY™Al(Equation of State; EOS)S Al=6tH
A0 2 H==2 Table 30 H2l=H UCH

T=

=
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(b) side view

Fig. 13 Finite element configuration of fluid
domain
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Table 3 EOS_linear_polynomial of fluid model

item flesh water air
density(kg/m’) 1,000.000 1.225
Co (Pa) 0 0
C, (Pa) 2.002¢9 0
G, (Pa) 8.432¢9 0
C; (Pa) 8.014¢9 0
Cs 0.4394 0.4000
Cs 1.3937 0.4000
Cs 0 0
E, (Pa) 2.623¢5 2.500e5
Vo 1 1

731
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oF 95%0IRACE 2 HATNML
ME& 0|2 1245t Yol=0l0l
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Table 10l LIEFLHRACE 2112 Al
| J1E=(reference axis of rotation)
| J|=H(reference line for drop
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3. CCS2| #B4ot UEsH SElA

Zm0|ets MZ(orthotropic material)E, 21 012 E2g20| SEHHS2 X2 (peak) w0t
= SYEHIE AZoIRACE HIIM E Nu & G OtLIet XIZAIRHduration)S E&SH &MEHNol &
= 22 Young's modulus, Poisson's ratio % Hotad 29| A S5 HE(impulse)0l &2
Shear modulusOl1], n, s ¥ t= HWolZA M St QITHOICE & dFUAME UESZ2 SE2=2A
29| 2 H(axis)S LIEMHCH 220 LMol HI(HEE)0 O =28 =
AAOICH SHYHE Y HEE S0l st =3Y
p= G+ Cut Gy + Gy’ + (G + Gu+ Gui* ) E of SHEoid Z2UE &8 ZUe H|WGIRSH,
(pressure in compression) Fig. 142t Fig. 15= 2t corrugation membrane
p=Cu+(C+ Gu+ Gu*)E (pressure in tension) heavy 22 0D3M(0 degree, 3 m drop height)
where, p=p/p,—1 o FRo =AYA Y HEE SHIH=S 48
E : unit of pressure Z02t HlWot 20310 RUCH L8t Table 501
Ey : initial internal energy per unit 0D2M & 0D3M2l AH=R0 e =HeeE AX
reference specific volume SCs Alg 2IE J|IEOZ ol HEES2 Hl
Vo : initial relative volume otd Aot L W= SYala0 elst XA
Table 4 Material properties of specimen
plywood R. PUF rigid Triplex mastic membrane steel
E(n)(MPa) 8,900 142 13,133 2,934 200,000 206,000
E(s)(MPa) 7,500 142 - - - -
E(t)(MPa) 520 84 - - - -
Nu(ns) 0.17 0.24 0.3 0.3 0.27 0.3
Nu(nt) 0.15 0.18 - - - -
Nu(st) 0.15 0.18 - - - -
G(ns)(MPa) 196 12.2 - - - -
G(nt)(MPa) 196 12.2 - - R R
G(st)(MPa) 196 12.2 - - - -
Density 7.10E-10 1.25E-10 2.50E-09 1.50E-09 7.85E-09 7.85E-09
Model Solid, Shell/Ortho Solid/Ortho Shell/Iso Solid/Iso Shell/Iso Shell/Iso
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Fig. 14 Comparison of test/simulation pressure responses :

strain (10%)

strain (10%)

strain (10%)

Fig. 15 Comparison of test/simulation strain responses : Heavy

@Eeel" NG SIEH
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Table 5 Comparison of test/simulation pressure impulse results: Heavy corr. membrane (unit : bar—sec)

Results Case P1 P2 P3 Case Pl P2 P3
Experiment 0.028 0.029 0.030 0.036 0.034 0.037
LS-DYNA 0D2M 0.030 0.026 0.030 0D3M 0.039 0.037 0.039

% 107 89 100 108 108 105
CHetEMEs =28 M 45 & XM 6 & 2008E 128
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Table 6 Comparison of test/simulation pressure impulse results (unit : bar—sec)
Light corrugation membrane Light flat membrane
Case Results

P1 P2 P3 P1 P2 P3

Experiment 0.025 0.024 0.026 0.024 0.025 0.024

0D2M LS-DYNA 0.027 0.024 0.028 0.031 0.032 0.031

% 108 100 108 128 127 127

Experiment 0.032 0.034 0.033 0.030 0.031 0.029

0D3M LS-DYNA 0.038 0.034 0.038 0.039 0.040 0.039

% 118 100 115 130 132 134

Experiment 0.036 0.040 0.039 0.035 0.036 0.035

0D4M LS-DYNA 0.043 0.041 0.043 0.046 0.048 0.045

% 120 102 110 131 134 129

Experiment 0.018 0.019 0.020 0.020 0.023 0.021

4D2M LS-DYNA 0.024 0.021 0.024 0.017 0.027 0.014

% 133 110 120 85 117 70

Experiment 0.022 0.024 0.027 0.022 0.025 0.026

4D3M LS-DYNA 0.029 0.027 0.033 0.023 0.023 0.030

% 132 113 122 104 92 115

Experiment 0.026 0.028 0.034 0.025 0.029 0.022

4D4M LS-DYNA 0.033 0.032 0.041 0.025 0.028 0.039

% 127 114 121 100 96 177

Experiment 0.017 0.017 0.015 0.017 0.024 0.020

8D2M LS-DYNA 0.016 0.019 0.020 0.018 0.017 0.015

% 94 112 133 106 71 75

Experiment 0.022 0.022 0.020 0.022 0.029 0.025

8D3M LS-DYNA 0.024 0.027 0.021 0.022 0.017 0.019

% 109 123 105 100 58 76

Experiment 0.027 0.026 0.024 0.025 0.035 0.028

8D4M LS-DYNA 0.029 0.031 0.027 0.028 0.024 0.026

% 107 119 113 112 69 93
SEH=S A8 Z0% UMz & Lot U A0 o5t BSZYY G| YT AFE Zue
SS =01g == ULHL UMz & 2xistn JA2Lt corrugation &0
corrugation membrane heavy 22! 0[212] & HIoHH flat 20| FRE2Z A 22t SY
Sllid= Z OHel HEE SEXNENN HEE ol CtA XHOIDH ZMok= HE = = UCH
SEH 2FIt URUCH Table 62 corrugation 2 HAF0A AtEst LS-DYNA3D2 =Hl-7&
membrane light 221t flat membrane light 2 A oA |Hu CCS L2 REtRA 2HE
go] SHUH AN SY= A& AUt Hlwot H&E M S48, SHGHe S 2 A
0 20=1 UL & Z2E0 Oist s SEol LEHA S S HES| ALZotH HEZ SEol
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