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This study aims to analyze and evaluate the structural strength of a 53ft Liquefied Natural Gas (LNG) tank container according
to International Organization for Standardization (ISO) 1496-3, amidst growing global demand for LNG transportation, The
research was conducted in two main stages: structural analysis using Finite Element Analysis (FEA) under various load
conditions, and structural strength tests following ISO 1496-3 test procedures, The structural analysis was performed considering
different loading conditions to assess the structural safety of the tank container, Calculated stresses were compared with
allowable stress under specified load conditions, The structural strength tests were conducted at Mokpo National University's
Subsea Umbilical cable Riser Flowline R&D Center, which provided a suitable testing environment, The study found that
calculated stresses met the allowable stress under specified load conditions, confirming the structural safety of the tank
container, Additionally, the maximum deformation and permanent deformation satisfied the design criteria for all test cases,
indicating the container's structural strength meets requirements, The research also contributed valuable data for future structural
strength tests of similar products and facilitated the development of safe and efficient LNG transportation solutions by developing
effective test procedures in accordance with I1SO 1496—-3 standards,

Keywords : Finite element method(S8t2AHE), LNG tank container(USEHAZIA EHT ZHE||O|L), International Organization for
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Fig. 1 Global LNG ISO tank container market size
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Table 1 Dimension summary

Dimension
Length 16,154 mm
Width 2,438 mm
Height 2,589 mm
Cargo capacity (Gross) 68 m°
FRAME 16154

15919 [OUTER VESSEL I.L to L.L]
14876.95 [OUTER VESSEL TL to TL]
15514 [INNER VESSEL I.L to IL]
14321 [INNER VESSEL T.L to TL]

| J J
| A JA‘ ”\i j“ [ 7H
A B Lile Ip
Fig. 4 Specification of location of corner castings
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Table 2 Load condition summary

Load case Description
1 Stacking @ A-D
2 Top lift @ A-D
3 Top lift @ B-D
4 Bottom lift @ A-D
5 Longitudinal restraint(compressive) @ A-D
6 Longitudinal restraint(tension) @ A-D
7 Lateral restraint @ A-D
8 Lateral restraint @ B-C
9 Longitudinal rigidity(compressive)
10 Longitudinal rigidity(tension)
11 Transverse rigidity(compressive)
12 Transverse rigidity(tension)

Table 3 Weight summary

. Weight
Description
kgf N
Maximum payload[P] 27,540 270,167
Tare weight[T] 15,800 154,998
Water weight[W] 68,000 667,080
Gross weight[R = P +T] 43,340 425,165
2.2.1 Modeling

HrF M2IA Q1= 53ft Hsled7 A EN T ZE|o]L Q] o
AoiM ZIE AT 5] T AlFe #E=A 2 5EE TS
AXef TRUA| sl FULCE Fig. b= T=slAIS I8H3D =
HES LIEHH, F6iea ZHol He 3D ZEE JlHez
2Ue FMSIFCE 784 ZHE inner vesselZ} outer
vessel, support block(bakelite), framework2 FAE0] o0,
TMES| X[5E 1N2{olo Ao F7|&= 2k 5 ~ 50 mm H
212 HUsH| HosIGict TxslAls st A2 el 7|HH

SAME Table 42} Zich

support block

framewaork

Inner/outer vessel

Fig. 5 FE model (a) & mesh generation (b) of 53ft LNG tank
container

Table 4 Material summary

Part Material |  Yield (MPa) ('izr/‘;'gy)
Inner vessel | SUS304L 170 7,900
Outer vessel | SA516-70 260 7,850

Frame SRT275 275 7,850
Support block| Bakelite [180(comp.strength)| 1,320

2.2.2 3l AurH

Table 52} Z

[I=FFR=1
o =
|4 2=S2ig olojs

Outer jacketZ}t frameworkol| C{et &
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Fig. 6 Load and boundary condition [LC1]

N 7
Fixed(0,0,0)

Fig. 7 Load and boundary condition [LC12]

Table 5 Allowable stress for the outer jacket and the

e
—— Cold siretched(RLT)
1600+ Cold stretched(-T0°C)
Cold stretched(-170°C)
14004 S| = m e e As recieved(RT)
V| = - - - As recieved(-T0°C)
_ 1200 - - - - As recieved(-170°C)
£ 1000
=
g "
TN
@ 6004 %
400 |
1
0 1
]
Eﬁ i

8 10 12 14 16 18
Displaement (mm)

I=r
Sl
N
[=2]

Fi

g. 8 Stress—displacement curves for base and
cold-stretched SUS304L at various temperature
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Fig. 9= 35 =24 10l thet SH=2E HEH, 37t 3

[e]
I 23 S22 2T ZatD St

rir

framework
Stress o fl\l/llfsv\e/zbls?ress Description Table 7 Analysis results summary
Max. von—-Mises stress (MPa)
Primary For areas from the structural
stress % discontinuities Load case | Inner vessel |stjffener Outer | Frame
Primary+ For local areas in way of Primary | Local | ® pad | Jecket | works
1. i
se;:t?Z::ry 5Xo, structural discontinuities Design stress| 247 370 255 255 390
1 35 230 232 180 263
2 36 225 230 179 252
Table 62 inner vessele| MZEZ AL2E[= SUS304Le| 5 3 e 237 16 197 238
2 282 LIEMN, inner vesseldll Ma=|E WZiedrl 23X 4 - 229 230 80 P
S 112435101 ASME (2019) Div. 1 Mandatory Appendix 44
Table 44-4-12 AFB3IGC) Fig. 82 Wzleisl Zxo| &= 5 34 | 230 | 232 | 199 | 316
6 34 225 232 197 267
Table 6 Design stress for inner vessel 7 21 108 101 203 386
Ef)es'g” Silr.ess 247 MPa | ASME Div.| Table 44-4-1 8 2r | 139 | 130 | 217 | 252
or scanting 9 40 | 230 | 230 | 179 | 259
Design 247 MPa |for general membrane stress 10 40 296 937 178 043
criterion in | 370.5 MPa for local b ;
structural (Yield for t?cad'memt rane stress 11 41 234 228 181 335
analysis | strength) | O Do N9 SIress 12 41 | 232 | 238 | 181 | 336
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Fig. 9 Result of structural analysis
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Fig. 12 von—Mises stress distribution of the stiffener ring
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Fig. 13 von—Mises stress distribution of the outer jacket
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Fig. 14 von-Mises stress distribution of the framework

JSNAK, Vol, 60, No. 4, August 2023

283



531t Osiio ke 83 ZiElolLie] B T YE Bl 2 oi7
3 x LA Fae vEsh| ol WEel FuEe WA 7ol AR X
7t SR
. Algle] A= 3 POl LSl 88 APE 54 A
Sd
3.1 Al o zi28ie] Tejel AIRS Taislof chgat Zo| ofofxt

(1) =2  LC7~8 78
A2 SEiisfn siFHoISAIRATME F5= X 3, (2) 843 Ui = HMH
FUARIH 3 SO|AE Frolg ARSsi ZIBIICE Xd= (3) Felole S5 LC1~62 aisr| st AlE MlE
Fig. 152t Zo| MZt=|2iond, X| 25 o|8al AI-RAME 1&sI (4) 2 68E £ Ef £l
C}. Fig. 162 AlRoll ARSe RRMARIC0[0, O[2{Eh 7Rt (5) LC6 2t= o|% & |7
(6)

L= Fig. 172 20| X|2& S B3 ZiH/olHol k52 Fof
SH=E MA=RACE ISO 1496-32| 4 Ust=o| A s

315 ol [I=RN| 2o x
2545p7| Qs UE A3 =AM inner vessel LIS Ef zH ISO 1496-32] XY A2 9Jsl 53ft AL FIAEl Ar=ol 7

EORN HelSe] ST X TS WAPIES TS U ma simg wist siziond, ol Fig. 187} 2ol 51 Aot
. e MEl ,
O|& 25l AFAIE 0|86t 5 2SS Fésion, A= xlol| TFREl ZRKZI0| B 38 mm, E 5F 25.4 mm O|LH) =
HIIEHo 24 A'Xﬂ HE ALS Al 2st =5 Ql= &Ml SIS
HIISIC). ARSI S0 28 AlgoM= Fig. 197F 20| =
2l loliA < AI@ MFo| M ¥ 515 MAH o|Fe| Y+ ¥y
Ze ASsiHen, 0 28 MElE 527 fXIe T, AlEE
Z25INCt 5 Alglel A SHF allddel Zo| ek We| &
gisk ZWM Alglo| A AKE glalo| Zo| vlsk HiQ| Fdlsk 2t
M Algel AR Fig. 202} 20| £HE HEHe| iz x5 AlE
MF EH51C
A3 D3
A4 D4
A
| S .
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N
Al D1 .
A2 D2

Fig. 18 Stacking tolerance

Fig. 16 Hydraulic cylinder

Fig. 17 Load application Fig. 19 Measurement of longitudinal displacement
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Fig. 20 Measurement of end wall diagonal dimensions
3.2 AlE Zunt
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Fig. 23 Longitudinal restraint test measuring point = LC5/6
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Fig. 24 Lateral restraint test measuring point — LC7/8
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Fig. 25 Longitudinal rigidity test measuring point — LC9/10
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Fig. 26 Transverse rigidity test measuring point — LC11/12

Table 8 Max. deflection summary

Load Max. deflection of base structure (mm)
. After Permanent
case During (Permanent) criteria
1 -0.5 0.0 3.0
2 0.5 0.0 5.0
3 0.0 0.5 5.0
4 1.5 -0.5 5.0
5 6.0 -2.0 3.0
6 -16.0 3.0 3.0
7 -19.0 0.5 -
8 -4.0 0.0 -
9 -0.5 0.0 10.0
10 1.0 0.0 10.0
1" -15.0 1.0 10.0
12 14.0 -1.0 10.0
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