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Recently, the size of Liquified Natural Gas (LNG) carriers has been increasing, in turn increasing the load generated during
operation, To handle this load, the thickness of LNG Cargo Containment Systems (CCSs) should be increased, Despite
increasing the thickness of LNG CCSs, a secondary barrier is still used in conventional thickness, Therefore, the mechanical
performance of the existing secondary barrier should be verified, In this study, tensile test of the secondary barrier was
performed to evaluate mechanical properties under several low— and cryogenic—temperature conditions considering LNG
environment, and in each fiber direction considering that the secondary barrier is composed of anisotropic composite
materials depending on the glass fibers, Additionally, the coefficient of thermal expansion was measured by considering the
degradation of the mechanical properties of the secondary barrier caused by the generated thermal stress during periodical
unloading. As a result, the mechanical performance of secondary barrier in the Machine Direction (MD) was generally found
to be superior than that in the Transverse Direction (TD) owing to the warp interlock structure of the glass fibers,

Keywords : Secondary Barrier(2xt BiH), Anisotropic materials(0]24 Xi=), Cryogenic tensile test(ZX{2 QIAAIS) Coefficient of thermal
expansion(EWEF AHl4s). Warp interlock structure(ZAt Q1|23 41X)
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z|Z ZH[sH A7 |7 (International Marine Organization, IMO)2] M= k=0l 2EXMoz Adske g =ct 0|2 12{sto] |

Ak 3F s ekMedol| CHE SFARY viE AL Zatelol| w2t egjol ElRlel ING H3+= LNGe} Zi¥HMoz Holles 14}

FISAR oAZ0l MSEMAIZIA(Liquefied Natural Gas, LNG)2| giHo| AAlo| 9|5t NG 952 HX|517| Qlaf Z=7|x0l 2k} gt
+27} 751 QICt (Schinas and Butler, 2016). Uakxod7} ol MH|7} QFEIC} (Ishimaru et al., 2004).
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Chun et al., 2014). 2HEoZ NG 2tMel 328 F2= 3 CCS(Cargo Containment  System)2| A<, MARK-III Flex,
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2.1 Triplex

Fig. 12 MARKHIIS| 2xt gl Triplexe| ZAITE LIEKH

Cl Triplexe= FSB2F RSB2| SEAIEZ 0|F0A flon 2t &
E= Fig. 22t 20| F8=l0] UCt FSB= E-Feldw/et &
Z0l5 522 0|20l =EKREM D72 Aol ol 7
olgte| £2g 7RRIct RSBE FSBRF DI IXIZ E-Reled 7ot
LT0j5 SUZ 0|FO0F %&XHEOIEP SRk, 2l (resin) 2

2 Zgl=o] 2Aof FSBet 22| Anae| E8g JKIch 2xf g
Hol| ARBs= E-REldRe 70‘ FAloj| Zet S48 X
Lo{ Triplexe 0|2 0|3l 7|H& M5 JHMAIZICI D EE
C} (Han et al., 2009). FSB2} RSB A}OIQI = (bonding) 2=
PU(Polyurethane) GlueS AKE35HH 0= =X 20i|M HEAM 50|
ooty 2 0ECt (Nam et al. 2014).
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Fig. 1 Schematic of triplex composed of FSB & RSB
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Fig. 2 Schematic diagram of FSB & RSB materials
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o5 5 = — oJumi X A= = 3 1 2E:|_HI_645 |A_-IE
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Table 1 Tensile test scenario of secondary barrier 2510 SH-HAET MTE LIERHQICE S22l F<e T
Triplex | Temp. Direction Test speed oMol k=2 2xf viHo| ™A 37.5 miE LE0] LIERHRICH
20°C HHEo| 42, SXM2E MESHE Soll g2 HAE TR
FSB | -20C Machine direction (X) 50 mZ LE=0{ LIERNQICE AlX| 7|A wlake| FSBRF RSBe| m}
~roce o 5 mm/min Clo|$5 E8ish S2-HHT ME HMAS Fig. 4a)-(b)oll LIEt
RSB | 1207 |Perpendicular direction () Lgton] 7 M2 Tos region, BB, 2MRIOR Lis
== QUC} (Ristaniemi et al., 2018). Toe region H=(crimp)z|0f
Table 2 Test scenario of Coefficient of thermal expansion Table 3 Mechanical properties of secondary barrier
Standard Tensile . Young’s
Material ’322?::' Calibration | Temp. ngg. Material T[eg[])' strength Ii[lrinmg/?r;t:s? Modulus
Material [MPa] [MPa]
FSB(X) 140.93 | 0.0225 | 9738.08
FSB(Y) Fused ALLO 20 C~ | 0.01~50 o5 119.56 0.0453 6088.42
RSB(X) | Silica 701 =150 C | (K/mm) 221.31 | 0.0273 | 8171.05
RSB(Y) 19452 | 0.0258 | 6995.64
175.94 0.0240 10385.18
23 A|l3:|.|7<c>|.|:|| FSB(X) 50 124.76 0.0416 6521.47
267.83 0.0249 10161.59
2 ol ToAS 2R} o] 2 1 olzIAlES a5t Sl 265.06 0.0258 7675.09
oIXI'I_élj__/.\_EELOXI()'C:,_‘E_i;g":;I—il"F:I-EEILCI’HE}qé-DI FSB(Y) 206.57 0.0247 12024.25
Sc TL= wmvlT —= oTie —olEta 141.09 0.0424 6240.13
(KSU-5M, KYONG SONG)g o|Z31Ct SEsHIBAIEY|= - -70 327.83 0.0291 11648.87
200~50°C7HX| THdo| == S MEE SM2g Hurt 2= RSB(X) 329.17 0.0283 9849.51
o] lon 2ETHE 25l e LR MHEAS F51% 24717 0.0258 11643.46
1 As 2ExE HRE Sl 4F =2EE RISt 159.89 0.0371 7063.21
L _ . RSB(Y) | —120
Al Zho| mEel wigls SHSP| Sl IM2E Mg 339.45 | 00283 | 12246.12
(3542-050-100-LT, Epsilon)S Al&l B ol Zxtsiof oI%t 34082 | 0.0288 | 1002211
AgiZ SHBIICE o BB A FBS 2P| 2 47 299.59 | DDeoz | 1108402
8 SBADIS 2 T|(TMA 402 F1, NETZSCH)S 018 313ic 6y | 10n02 | 0090 | 56689
T ) 221.31 0.0320 12332.06
Fig. 3-(a)2 & o170l 0|8 ITAEY (9| 2ES LIERHRL 338.35 0.0237 9635 56
onq Fig. 3-(b)= YUAT 7|9 258 HERARICE
CRYOGENIC
CHAMBER FURNACE
ACTUATOR SAMPLE
ACTUATOR séﬁ's‘?m
P Eoy
(a) Cryogenic Chamber (KSU-5M) (b) Thermomechanical Analyzer (TMA 402 F1)

Fig. 3 Schematic diagram of test apparatus
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Fig. 5 Stress—strain curves for (a) FSB(X), (b) FSB(Y)
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Fig. 6 Stress—strain curves for (a) RSB(X), (b) RSB(Y)
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3.4 Coefficient of Thermal Expansion (CTE)
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