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This study aims to evaluate the structural safety of the International Maritime Organization (IMO) Type—C independent tank of a
medium range liquefied CO2 (LCO?2) carrier developed by a Korean shipbuilder, The evaluation process followed the Det Norske
Veritas rules and the International Code for the Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC
code) in terms of allowable limit, applied loads, and load cases, A total of nine load cases were considered for ultimate limit
state (ULS), accidental limit state (ALS), and hydrostatic pressure test (HPT) conditions, Thermal and mechanical loads were
applied to most load cases, The analysis results revealed membrane stress exceeding allowable limits in stress concentration
areas around the dome for ULS and HPT cases, This study provides foundational data for LCO2 tank design and supports the
development of safer and more efficient LCO2 carriers,

Keywords : IGC code(IGC T E), Type—C tank(CE Bi3), LCO(USI0[ASIER), Ultimate limit state(ZSHSIAIMEH), Accidental limit
state( AL SEAIAEY). Hydrostatic pressure test(H4Qf HIAE)
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Fig. 1 Determination of liquid height
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Table 1 Nondimensional principal dimensions of LCO2 carrier

[tem Value

Rule length 15.604
Breadth 2.933
Depth 1.578
Block coefficient 0.732
Ship speed 5.833

Table 2 Nondimensional dimensions of LCO2 tank

ltem Value
Length 4.422
Distance between saddles 2.222
Target volume 0.038
Inner radii of cylinder shell and after

. 0.600

hemisphere shell
Inner radius of forward hemisphere shell 0.389
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Table 3 Buckling strength assessments

Component P, Py | Pya | Py | Judge
Ovlinciical 15 5171 4 308 Pass
and conical
Fonward 0.860 | 5.993 | Pass
hemispherical
After 0.785 | 5.724 | Pass
hemispherical

(a) Isometric view

(b) Side view

(c) Top view

Ring Stiffener

Saddle and
‘wooden support

(d) Cut view
Fig. 2 Structures of LCO2 tank
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Table 4 Mechanical properties

[tem Ni—Mn alloy| Wood

Tensile strength (MPa) 770.0 n/a
Compressive strength (MPa) n/a 102.5
Yield strength (MPa) 690.0 n/a
Young’s modulus (GPa) 206.0 3.0
Density (ton/m?) 7.85 1.35

Poisson’s ratio 0.3 0.4

Thermal expansion coefficient("\C ~*)| 1.08x10° | n/a

Table 5 Boundary conditions applied to tank support

structures
Location Constraints
After saddle Fully fixed
Forward saddle Fully fixed
After wooden support Fully fixed
Forward wooden support U,=0
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Table 6 Load cases with applied loads

Table 7 Multiple steps

Step BC Gravity aT P,&a £
Step—1 v v n/a n/a n/a
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Step-4 | n/a v v v vV

FRIEH "3 LitS FofsiRict
35 518 53

il
0F0
ol
E
_|\l
OIO

B %

o)
o}
T“
i
=2
x
4] o|o

°| MAPIME IGC 220 WE 518 &

3
20| MIA|=IAE
R R

IGC (IGC, 2014)= &32

| 52
3 7|Z0l| w2} Huy 2242 23

24 A-I_'fl_0| A—IK-IEI o|-7:1|E
oM 4] (21)ol| 2I5t01

=

E PN e

2zl

C}. Table 8ofl
st 512 2 Akl AlREs ME Aogl'

(1)

sein o getoz Tl

= e 7|0l wal Yt 28 (primary stress)T} O|x} 22
(secondary stress, ¢,)2 TH=ettt Uit 3H2 JfelEl siEoll
2jo| J1of| 2f5i0d

°[504 'rT7|

nx
nil

oK Ho
2
=l

m]
oo ©
_|I'L|

J

El

J

Ot P
gy

I
=

0[0
_|l'LI
m|o

0lo
_|ﬂ.l

i

olo
3

J

| o2

— O™

SEES
o

o[, Ofxt
ololgic). IGC (IGC, 2014)= LAt
4 (primary general membrane stress, ¢,,)2t

omie
O~ 1=

0] L5ioiT

OF 7IFElet 2kt 38 84

i xS

o
2SS UX

primary local membrane stress, aL)E T=5
o—|O| IH"‘ﬂlﬁol'xl L‘I'OI'O Eli}'
{2 oA YAt 23 gt

A

=]

Tu
_|

A%
E

Temp.
Limit Gravit Pressure (MPa Acceleration
|tmt| LC Filling | Condition | Loading direction ( r;a v (WPe) (C) i
e ¢ n [ B lar [a Je Ja
LC1-1 Full Dynamic Longitudinal forward 1.0 1.9 0.1226 | n/a 55 0.228
. Longitudinal
LC1-2 | Ful Dynamic 1.0 1.9 0.1226 | n/a 55 0.228
afterward
uLs LC2-1 Full Dynamic Transverse port-side | 1.0 1.9 0.1860 | n/a 55 0.772
) Transverse
LC2-2 | Ful Dynamic ) 1.0 1.9 0.1860 | n/a 55 0.772
starboard-side
LC3 Full Dynamic Vertical downward 1.0 1.9 0.1448 | n/a 55 0.738
LC4-1 Full Collision Longitudinal forward 1.0 1.9 0.1457 | n/a 55 0.5
Longitudinal
ALS LC42 | Ful | Colision | -ronena 1.0 19 |01238 |na |55 0.25
afterward
LC5 Empt | Flooding | n/a 1.0 n/a n/a 0.095 | n/a
HPT LC6 Full Static n/a 1.0 2.85 n/a n/a n/a
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Table 8 A, and B, values for calculating the allowable

stress
Nickel steel
ickel steels and Austenitic Aluminum
Parameter | carbon—-manganese
steels alloys
steels
A 3 35 4
b5, 1.5 15 1.5
Table 9 Allowable stress criteria for ULS
Allowable
Structure Criteria
stress (MPa)
0, =<f 256
Shell
0,to, <15f 385
Ring stiffener o, to, <15f 385
Shell interface,
o, o, +to, <3.0f | 770
dome & sump

Table 10 Allowable stress criteria for ALS

o Allowable
Structure Criteria
stress (MPa)
Shell
- : 0,to, <15f 385
Ring stiffener
Shell interface,
0, To,+to, <3.0f 770

dome & sump

Table 11 Allowable stress criteria for HPT

o Allowable
Structure Criteria
stress (MPa)
Overall tank o, <0.9K, 621

Table 12 Stress unity for ULS

Table 13 Stress unity for ALS

load Tank shell &
, , Dome & sump
case Ring stiffener
LC4-1 0.884 0.742
LC4-2 0.875 0.732
LC5 0.084 0.044

Table 14 Stress unity for HPT

load

Tank members
case
LC6 1.087

4. M 2z}

£ dTolME CIE S Alelol| Chislod Wiake af S2is T&ap|
2rbs B0M IS 215101 von Mises 57} 2312 9t 8
ZI55I0n) AlRinE A LR B2, &, A=, O8I0 3 22|
Cisiod S ZEksICE A 40| S| SalolAe] S
32 o 3Ho=Z ZFSIct S AEHoIMe| SHnl =
ShlofiMel S2de| xjole| Z[Lhgloll Hohgts FIsi0 Uit 37 =l
3H2ZE ARZSIICE

ULS, ALS, HPT sli4{e| CHE K& #Ho|Aof Chal S 225
Figs. 3-501| MA|=lo] 2lond 518 S2HoE WM 3HS Lis RLHE|
(unity)E Table 12-140l| HMA|SICE 71EH 2 FLE|= LCBOIIA
ghsiion, bt 28 515 Z=Z0iME & 7IFRE MQlsHF2lol
M 518 328 TS| Uch

o o=

s, Mises
LAYER_1 (middle)
485.1
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Fig. 3 von Mises stress distribution for ULS LC2-1

Mises

oad |  Tark shel Ring | Shell interface, E

case 0, o, to, | stiffener | dome, & sump

LC1-1 | 0.987 | 0.875 | 0.638 0.733

LC1-2 | 0.987 | 0.875 | 0.638 0.732

LC2-1 | 1.019 | 0.898 | 0.651 0.755 wta
LC2-2 | 1.024 | 0.898 | 0.651 0.756

LC3 | 0.994 | 0.881 0.657 0.738 Fig. 4 von Mises stress distribution for ALS LC4~1
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, Mises
LAYER 1 (middle)
675.0

6075
54010
4725
4050
3375
37010
2025
1350

675

0.0

Max: 675.0
Elem: PART-1-1.855
Node: 12084

Fig. 5 von Mises stress distribution for HPT LC6
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A

Nomenclature

A, Strength coefficient
A Factor for calculating design vapor pressure

A Correction factor for surge acceleration

@y

8
@

)
w

SRS

N R TS S m NN O

~

NN

o

cyl

cy2

Factor for calculating acceleration
Longitudinal acceleration

Transverse acceleration

Vertical acceleration

Moulded breadth of ship

Strength coefficient

Tank dimension constant

Block coefficient

Corrosion margin

Effective length or diameter of the stiffener
Internal diameter at the large end of the cone
Outer diameter of tank

Young’'s modulus

Allowable stress

Gravitational acceleration

Tank height

Correction factor for calculating acceleration
Tank length

Length of the ship for determination of
scantlings as defined in recognized standards

Integral number of waves for elastic instability
Design vapor pressure

Setting value of vacuum relief valves

The set pressure of the pressure relief valves

Shell compression from insulation, shell weight,
corrosion, and external pressures.

External pressure due to head of water for
pressure vessels or part of pressure vessels on
exposed decks

External pressure corresponding to  elastic
instability of cylindrical shell

External pressure corresponding to membrane
yield of cylindrical shell

Design external pressure
Internal liquid pressure

External pressure corresponding to  elastic
instability of spherical shell

External pressure corresponding to membrane
yield of spherical shell

Pressure corresponding to a general membrane
yield

Calculated pressure
Quter radius of spherical shell

Yield strength

JSNAK, Vol, 62, No, 3, June 2025

159



IMO C& LCO2 stE3e| = 7184 ot

R, Tensile strength
S, Minimum shell thickness of conical shell

Minimum shell thickness of cylindrical shell

Soph Minimum shell thickness of spherical shell
¢ Net thickness of plate

v Design vessel speed

v Joint efficiency

Longitudinal distance from amidships to the
center of gravity of tank

Transverse distance from amidships to the center
of gravity of tank

Z Coefficient equal to 0.5xD/L

Z; Liquid height

Vertical distance from ship’s baseline to the
center of gravity of tank

a, Half apex angle of the section

B; Resulting acceleration

v Poisson’s ratio

o Cargo density

0, Specific gravity of cargo

0, Primary general bending stress

o, Primary local membrane stress

0, Primary general membrane stress

o, Nominal design stress at calculating temperature
o, Secondary stress

Ao,  Alowable dynamic membrane stress
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