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ABSTRACT

Membrane type LNG& CCS2l Z&oliA ATSFAN 28t
A

04

Hong—Kyu Park

Advisor : Prof. Je Woong, Park, Ph.D.
Department of Naval Architecture and
Ocean Engineering,

Graduate School of Chosun University

The sloshing pressure has complex physics and various patterns. Also,
the structural response induced by the sloshing pressure is affected by
the distribution pattern of sloshing pressure. In order to understand the
structural response by the perspective view of pressure shape, it is more
efficient to make sloshing pressure pattern than to reflect the complex
pressure history. In this paper, the sloshing pressures obtained by the
small scale model test are classified into different spatial distributions
such as triangular pyramid, rhombic and Gaussian shape distribution.
Dynamic analysis of Mark-Ill and KC-1 LNG CCS are then parametrically
performed with the consideration of various types of sloshing impact.
Thereafter, the capacity curves for each models are investigated after
dynamic finite element analysis and compared to evaluate the effect of

pressure pattermns on the structural response.
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Membrane type CCS2 2XZ& T 2H

3.1 22L& It 28 i

Membrane type CCS2l X2 & HIIE ol DdE LSAIAEEZ2 Mark-Ill
type CCS2t KC-1 type CCSE &tz =oALt Mark-Ill type CCS2 KC—1
type CCS= Fig 3.1,201 LIEtEE 233t 2001 M2t &S AIAEAIOIE XIXIGH=
Mastict Lower plywood - Lower R—PUF(Reinforced Poly Urethane Foam) -
Triplex — Upper R—PUF — Upper plywood — SUS membrane &22 ?&&ZH A
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Primary stainless
steel membrane
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triplex joint

Flat joint

aarm
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Fig. 3.2 Schematic view of KC-1 membrane type LNG CCS

{“/Collection @ chosun



ot 2¢

n

I MSC.

AEZE BIIE st o otz
O, & 2XZEY HutsS st AMZH2 T
time= 0.0005sec ~ 0.015sec JtAl
2 JtZotD HLHGHRICE

Collection @ chosun

ig. 3.301 LIEFLIRL

SHRUCH F

=s2¢d 28= 0.01

& 134 2= Eo

(0] 8&

Patran / NastranS Al

A1), KC-1 type CCSel &< 29,280
JHXlI CCS= Fig. 3.401A 2t

09t Yon Eat
oF AR H

e

I.

=]}
o =2

(o]

2y =

= Ol
Ol A

mastic2 & A

A D4l

- T =

i

MPaZ X Z3lH 2
Table 10l LIEFEE 2400 20| duration

1

—

—

olH S04, skewness



1 Plywood |

=

1311

s

R-PUF

Fig. 3.4 Details of the KC-1 type LNG CCS(left)

55

i -|
Primary R-PUF =
Triplex | i
Secondary R-PUF =
Bi 4 — e =

and the GTT Mark-Ill type LNG CCS(right)

Table 1 Duration Time of each case

Duration Rise Decay ) delta T

Timel[sec] | timel[sec] | timel[sec] Time Step [sec]
casel 0.0005 0.00025 0.00025 500 0.00005
case2 0.001 0.0005 0.0005 500 0.0001
case3 0.002 0.001 0.001 500 0.0002
cased 0.003 0.0015 0.0015 500 0.0003
caseb 0.004 0.002 0.002 500 0.0004
case6 0.005 0.0025 0.0025 500 0.0005
case? 0.006 0.003 0.003 500 0.0006
case8 0.007 0.0035 0.0035 500 0.0007
case9 0.008 0.004 0.004 500 0.0008
caselO 0.009 0.0045 0.0045 500 0.0009
casell 0.01 0.005 0.005 500 0.001
casel?2 0.0125 0.00625 0.00625 500 0.00125
casel3 0.015 0.0075 0.0075 500 0.0015
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3.3 Material property
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2 FMHE2 MHed d2

2= HEotJ| 2ol
Table 201 LIEILE UqASZO0l JIE

o 3 U MBUAM HAIE XHEE 0|
plywood?t R-PUF= OIZHMMEZEZ, mastice s&4

St THER 242 A0
2 24XE N85

212 A N2l TH
Table 2 Material properties for membrane CCS
Young's Shear . , .
Temp Poisson's |Density(p)
r°C] Modulus(E) | modulus(G) atio(v) Cton/ma]
[MPal [MPa]
v12=
E1=E2=8900 G12=3803
20 v23=
E3=520 G23=G13=196
v13=0.17
Plywood 0.71
v12=
E1=E2=10500| G12=4487
-170 v23=
E3=600 G23=G13=196
v13=0.17
20 E1=E2=130 G12=46 v12=0.4
E3=55 G23=G13=12 | v23=v13=0.24
R-PUF 0.125
E1=E2=190 G12=72 v12=0.32
-170
E3=105 G23=G13=23 | v23=v13=0.22
Mastic 20 E=2880 G=1107.7 v=0.3 1.5
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4.1 Mark-Ill type CCS
4.1.1 Linear static analysis
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Table 3 Comparison of Max. stress for Mark—Ill type CCS

by sloshing pressure distribution

Max. shear stress Max. vertical Max. von—Mises

of plywood stress of R—PUF stress of mastic
[MPa] [MPa] [MPa]
Parallelepiped 1.14 0.62 1.13
Rhombic 1.08 0.59 1.09
Pyramid 0.92 0.5 0.93
Gaussian 0.73 0.4 0.76

— 19 —

Collection @ chosun



4.2 KC-1 type CCS
4.2.1 Linear static analysis
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4.2.2 Linear dynamic analysis
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by sloshing pressure distribution in each members
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Table 4 Comparison of Max. stress for KC-1 type CCS

by sloshing pressure distribution

Max. shear stress Max. vertical Max. von—Mises

of plywood stress of R—PUF stress of mastic
[MPa] [MPa] [MPa]
Parallelepiped 1.15 0.5 0.87
Rhombic 1.07 0.47 0.83
Pyramid 0.92 0.4 0.71
Gaussian 0.73 0.32 0.58
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Table 5 Result of linear static analysis for Mark-Ill type CCS

Mark-Ill type CCS

Collection @ chosun

Static
Parallelepiped | Rhombic | Pyramid | Gaussian
Max. shear stress of
2.35 2.13 1.78 1.28
plywood [MPal
Ratio(%) 100 90.6 75.7 54.5
Max. vertical stress of
1.67 1.3 1.24 0.86
R-PUF [MPa]
Ratio(%) 100 77.8 74.3 51.5
Max. von—Mises stress of
) 2.37 1.98 1.82 1.32
mastic [MPal
Ratio(%) 100 83.5 76.8 55.7
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Table 60l KC—-1 type CCSOl CHS! linear static analysisE &Z2Iot{SH,
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Table 6 Result of linear static analysis for KC—-1 type CCS
KC-1 type CCS
Static
Parallelepiped | Rhombic | Pyramid | Gaussian
Max. shear stress of
2.35 2.13 1.78 .28
plywood [MPal
Ratio(%) 100 90.6 75.7 54.5
Max. vertical stress of
1.67 1.3 1.24 0.86
R-PUF [MPa]
Ratio(%) 100 77.8 74.3 51.5
Max. von—Mises stress of
) 2.37 1.98 1.82 1.32
mastic [MPal
Ratio(%) 100 83.5 76.8 5.7
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Table 70 A Mark=Ill type CCSUl TSt linear dynamic analysisE &cIotA2

O, 2Bl 2 SN S 3D S8 2O Dt ZASHE XS SHQIGIACE

Table 7 Result of linear dynamic analysis for Mark—Ill type CCS

Mark-Ill type CCS
Dynamic
Parallelepiped | Rhombic | Pyramid | Gaussian
Max. shear stress of
1.14 1.08 0.92 0.73
plywood [MPal
Ratio(%) 100 94.7 80.7 64
Max. vertical stress of
0.62 0.59 0.5 0.4
R-PUF [MPa]
Ratio(%) 100 95.2 80.6 64.5
Max. von—Mises stress of
) 1.13 1.09 0.93 0.76
mastic [MPal
Ratio(%) 100 96.4 82.3 67.3
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Table 80l KC—-1 type CCSOl CHist linear dynamic analysisE &c2IotF{ 2,
BtEImol 28 2THoA S gt 8 g2l HIJF Z4cts H2 &0I6HA L

Table 8 Result of linear dynamic analysis for KC-1 type CCS

KC-1 type CCS
Dynamic
Parallelepiped | Rhombic | Pyramid | Gaussian
Max. shear stress of
1.15 1.07 0.92 0.73
plywood [MPal
Ratio(%) 100 93 80 63.5
Max. vertical stress of
0.5 0.47 0.4 0.32
R-PUF [MPa]
Ratio(%) 100 94 80 64
Max. von—Mises stress of
) 0.87 0.83 0.71 0.58
mastic [MPal
Ratio(%) 100 95.4 81.6 69.9
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