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Analysis of Linear Springing Responses of a Container Carrier by
using Vlasov Beam Model

Yooil Kim™ and Yonghwan Kim**
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Seoul National University, Department of Naval Architecture and Ocean Engineering™
Abstract

Modern ultra—large container carriers can be exposed to the unprecedented
springing excitation from ocean waves due to their relatively low torsional rigidity.
Large deck opening on the deck of container carriers tends to cause warping
distortion of hull structure under wave—-induced excitation, eventually leading to the
higher chance of resonance vibration between its torsional response and incoming
waves. To handle this problem, a higher—order B—spline Rankine panel method and
Vlasov-beam FE model was directly coupled in the time domain, and the coupled
equation was solved by using an implicit iterative method. In order to capture the
complicated behavior of thin—walled open section girder, a sophisticated beam-—
based finite element model was developed, which takes into account warping
distortion and shear—on—-wall effect. Then, the developed beam model was directly
coupled with the time—domain Rankine panel method for hydrodynamic problem by
using the fixed—point iteration method. The developed computational scheme was
validated through the comparison with the frequency—domain solution on the
container carrier model in linear springing regime.

222009310322, 522:201083&25<
T A AL yikim@dsme.co.kr, 055-680-5524



307

Al OIF 01 & =2 OtLIL, 3XHA

[¢]

=

=
=

: Hydroelasticity(®Et4A), Springing(AZ212l), Container carrier(21 8014
2

&), Rankine panel method(212/IZ &), FEM(S8t24AY), Viasov beam(

)

)

xKeywords
Warping(

e

1.

FREZTWEMUROENVATTISHITRHD SED T H IR TN
Mﬂuﬁm:_o.m,__g&%o________ﬁ__po_#_lco_ew.mwwmmmﬂ__:iﬁ%wﬂm_oewo%o_:_mca_
AT 85w pzdMWEBKSH0s " wo S Rc i T
MU O agEDSErg Y BDbcgBagnnsdrnudzm k>3 8H
NS5 8590 modvpow 2 oo _ 8 _ SRodl g4 S
W 2Xxn S 8BNS FyEssa mondg @V IO EMW
r_ow_mE st W5 5] o T il & W=D 100 K0 10 & R KE O SZE)
= %0 © eA_leme 415._0_:__.“_ D.Jl.rym.o_x_'_!u_(wo_ew_.o_Llu@ S of
- B LS ) BT PR =R 1 T LT = @
30 & = O = w0 Yool o A g 16—~ ok M 0 5 «© ol 00 oy B 1S
il = @ B o = H = &~ 0 D Y TR z S "
HeZoazsom_ WS uBnWe a8 S8 5 ¢ IR g k™
s T mx_oimDd ' NMIo Wy d S XIS onEn SW g
I - S B S TR~ e e B T VI > SN S S iy B TS e
60 Tzl SMgom daMHx&E_ om g gz 2B w
U_E._D__oon Sm_:a__omwﬁ_.wl\|a._mn%ﬂ 6 S bol_lo____m_mo_e 6 5
Jf o w 8 R - e e R B o0 o Wz © — o ROz MO
N ®SwE S, _oWowWE "rra3ss="amoy oz
Uao > _askWMd Wg88s5 a0 R__ g =-gn 00T M
nr ~o W o S Ko or i o 5 & 1 M h 8w x5 3w oD 10 3 S0
_ 0O 2 o 8 AR S ol Sy W DE B G <F S = = 4 @
o a1 & W < < m U od == = 23 S 3 W oL -
Houmonmﬂeo____\_el_u.blou_xtmwaﬂm_\aﬂ%mmnuu D.__me__%m.ﬁmmw_ﬂmm__oqx
= mems P @K _ =X S < =
mss 22l thonsgo _ WemyusraNEsERS 3 W
o = @ ol g = T & giolwl /™ WX Som _ SWwaA o B
SO R MHE Mol = R U AR T B A d) w ol MU OE R0 0N O UL RN S = A 00 R
Do ADARNE BN+ W W #sRTBRMS MWK W —
B0l . O AL RO W T oD o UDI U OOl o ¥ OOE A0 O0OFOF X L Ol @
B2k, s _wW Wiz grMEsAanzAs2s® @
W Al s or L # BLg) ® B o M S xR w o
AT W R B HY " aw 0o Wy Wt W@ TR
0 0T T w 3 S - = O 5 3 I oa AU =
__A_.cwol_é.auu@HH_E_EOO_”MO%Lm%wm Hﬁ_go%mﬁ wwaapeLja_ u._m_m
B2 m = 5 or o ] Koz | = L s
R R T T = S T L I T S
m YT 50 Tz Do S MT S gD X gy X g _ oz
o _ =< o0 © © U] %o J B _ 5ol o v 2 z 00— =
DI NT yoplramsasHesms?e Olgrican 0 a0 & _gp =2 g M
- W = d o of W o =y Ho X0 S &
AU gal®g 2 U § R L o s L = B A
A - . (R T T R B R N N VR A B R A =~ G o] ) o
ok e = ] OWogy oo ® _ ogpoor S RS o T RO )
xﬁ:._o.__._lM..AmEo_nuuﬂwE._ mu_.w._mﬂ.ru._ ol RD qu____I; 1P e o g
BER S WG Hoo T gmne FgWRR®E Shsagm®g =R
WS xH S 0 58 pmgamws¥ vl 255 g o=
S=galpMITUm U= wn o ®Ig XY g S0 oy
51 = S gy RSO0 "0 KB BE=xsBlTg5 " S s00 w0
mu._ ol © 3 = 3K K — @_D o 1L = R0 S ok Tl (S = oF W0 =T " 0 s 3 &r
s W ~ Mootz olml T =0 XD _ <k oA W _ o _ =
LN W .Qj.d.z_v_ m._.__._:._o oo o= H o Ol =y @) = ol =
— o T _— WOk - - ™8 < - — W o 2 o AU Z- w2 gl 220
T W © ol ul 5 DM WD A T S
NoorRWSocHToNAR Wt HBMR oWl BB R Bodll &M W MK R )

Journal of SNAK, Vol. 47, No. 3, Jnue 2010



o
=
S

olo

o0
w0
(=]

<l

ol
ol
]

b

o

2iHI0IH

st

00

s 0l

]

Vlasov &

308

2|

usl

1XHE

—

[—

2 DHKIm et al., 2006) Z&H6t01 JHat
AT 0A

o Ox FARAYE

F

g 2dold Adetel b

o]

b eH2IIHE DI

=
fill
<1
od
o)

0

un

_
=0l

100
ok

180
il
30
oF

J
<
ol
i

o

Rr

Fig.1 Thin—walled open section beam
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Table 2 Eigenvalue analysis results (rad/sec)

Mode Sen. (F) | mVla. (T) Via (T)
1.(T) 1.92 1.90 2.03
2 (HB+T) 3.16 3.09 3.60
3(vB) 3.68 3.52 3.52
4 (HB+T) 4.91 4.36 5.21
5 (HB+T) 6.52 5.97 7.26
6 (VB) 7.67 7.28 7.28

(T:Torsion, VB:Vertical bending, HB:Horizontal
bending, F:Frequency, T:Time)

0.0002 - Freq.-Sen
Time-mVlia

| ——=—— Time-Vla

Uy
°

-0.0002 [~

1 n n n n n n n n 1 n n
-100 0 100

-1.5€-05 L

Vlasov 2 ZE= 0/E8 ZHOIH d%e] AndY SEHHA

ANz 08 2 Z2E0| Mot Yse olEse
et gtEgo] HIEE Haesl 2dHE Aez
odst ol28 HEg6idets & 28 220 0
A= g2 LB & ST
0.0004
0.0003 Freq.-Sen
Time-mVla

———— Time-Via

-0.0001 |-

-0.0002 F

-0.0003

-0.0004 L—

L 1 L L L L L L L L 1 L
-100 0 100
Fig.4 2—-node vertical bending mode

Fig. 5= 1X & 2Xxt2 2=0| s &
2282 o5 Huwg Aoz, A8E 2 0IE
o AXt= el AN UEHLX #SS

Ct.

1.5E-05

Freq.-Sen
Time-mVla

1E-05 |-

| ———— Time-Via

5E-06 |

ROTx
)

-5E-06 [~

1E-05 |

T I R R T R R R |
-100 0 100

(a) 15" mode (T)
Fig.5 Mode shapes of 15Y(T) and 2"(HB+T) modes

(U:Translation deformation, ROT:Rotational deformation, x:Position along ship length)

o

o

Al

Job

'3l =28 M47d M3Z 2010F 63



315

Freqg.-Sen

Time-mVla

——— Time-Vla

4E-06 |-

Time-mVla

———— Time-Vla

Freq.-Sen

0.0003

RN SRR
o ~

0.000:

0.000:

An

-0.0001

-0.0002

-0.0003

(b) 2" mode (HB+T)

Fig.5 Continued

-

~J

i

&)
)

100
Mo
JJ
o
20
ol
3

il
o0
Kt

Is]

SEEET]

SHEU A

&gl

He 0l M=

3|

il

un
e
ol

ol
Al

10
]

~
1<}
&0

B

.

Kr
mo

oJ

ol
o

3+
al___

ok

KD

e}

4

o

H

2
=

Has

g

SHLLOA S

.

ol
0
ol

LYl
o)
I
i
<J

ok

180
il

ol
ol
)
ol
ol

ol

ol
180
1]
30
oF

ol
=]
o)
0

ol

KD

ol

-

=
[all
ol
0]
ull

-

ol
XJ

0l
ol

ol
Kio
19}
Ar
K0

LIEHHCE.

un
H
[

ol
wr

Ok

2x 1

FRACH Fig.5 (b)2

<]

KA

i

Y]
H

0l
ol

N, (ke

——1%
==

i0)

tOICH.

=

ol

M
Ko

o

oD

ol =

i
s
o

ok

ol
i

Ho
KJ
US

=
ol

<0
<+
il

al

=
=

2.35&2 0l O

o0 12.7 m/sec&

ol
1ok

83
9]
o0

&

L
i
TS}
Uo
Rl
A

—_

=]
e}

ol
Ki0
9]
&l

=]
=

s

==
1o

0F

0

ol
i)l

ar
30

3+
K

1

K]

S It

rad/sec?

ol
ol

un
<+
o

KJ

1.15 rad/sec? O

KD

Kl

ol

-

<0

KD

KD

o)
g

n

i
o

0

=& Ef Ol

o

o
T

201

EH Ol A 2

Journal of SNAK, Vol. 47, No. 3, Jnue 2010



2iHI0IH

5t

Vlasov 2 2E=2 0|2

316

(b) Sagging state

(a) Hogging state

Fig.6 Transient response under impact load
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