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Fatigue Strength Analysis of Pontoon Type VLFS Using Spectral Method
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Maritime and Ocean Engineering Research Institute (MOERI), KORDI™ -

Abstract

The fatigue strength analysis of VLFS is carried out by using a 3-dimensional plate finite
element model with a zooming technology which performs the modeling of wide portions
of the structure by a coarse mesh but the concerned parts by a very fine mesh of t by t
level. And a stepwise substructure modeling technique for global loading conditions is
applied which uses the motion response of the global structure from 2-D plate hydro-
elastic analysis as the enforcing nodal disptacements of the concern 3-D structural
zooming model. Seven incident wave angles and whole ranges of frequency domains of
wave spectrum are congidered. In order to consider the effect of breakwater, the modified
JONSWAP wave spectrum is used. Applying the wave data of installation region, the long—
term spectrum analysis is done based on stochastic process and the fatigue life of the
structure is estimated. Finally some design considerations from the view point of fatigue
strength analysis of VLFS are discussed.

# Keywords: VLFS(ZECH 4 P EE), Fatigue strength(Il 2 E), Pontoon(EE),

g g
Spectral method(S H G A &), Hydro—-elastic analysis($& & & ol &),

422006 28 6L, £0124:2006 H3 8 27 Y
T WA KL swpark@kimm.re.kr, 042-868-7414



352 -

e ¢
b o
5o

1

>

gy
-
om
==
ry
9
o
1]
~ M
i
-
o

o 1o
4J
N 40 o

20 Bz 2o
X
[ ppom
S
x

=0 2 4T
30kl

0 |

=2

=2

%

>

(w)
=)
Jm
S
on
N
[
(=]
K
E
r.‘?ﬂ
ain
[h*]
(]
[
a

o

=

! VLFS ? %Dﬂ EHo}O1 TEEHE =¥
OIHIMRE RE22 258 o
LH FI0N EAIm X200 gt
HIAGHS AMEHOI CHEE %
A &H0F =#T0ol 20 J2iLt 0l
VLFS X201 ¥8 50 @ WX 100 & E%
) 80| gFLHsE PS04, FESY

Am
23

0x 08 1T
o =

T
0
9

o 0x 44 ax lo @ lord 4 o

H 2AHIN e ASH JI=8H= 2F0 8l

o= M 2EE2Y | =00 st 112 oA

T HAH =O0 DA BRI U8 A2

S

FHOIHH EE4A VIFS 222U W2 E of
A0l 7HE fFXle FR SSWF FR 82N
o g He 24, 2 PE20 AX HHNA
s HE0l 5= B9, S8 AR s HEH
X oz 29, JIet 28 =0 tia= 29
S2 A0ICH Olzdst Rkl &2 22 X &
Hiot Qe 002t ANl TIZaiAel 80| Jis
5tCH= SHME0l UL, Atd & 0|2 eloty &
8 HRI BES 20| MA0ILH &, B2 VLFS
ol &st 2RI AXEQ x| =52 REd
Aoigr ASE FH0| U220, A JHEol 2
Het LA FSEH2 UCHEAMNGE S 2004,
KIM et al. 2005, TRA 1996-2000, Shigeru et al.

1996). d2iLt M=8h Biet 20] X £=Z0] 50,
H ojatel )| £30| 7L, 282 o2 ¢
e RAEQ & HEl= €l REE HS0

Hol< ol 28 Z2EEA VLFS 2 T2 Eols

2HOIH FE20| EAHEC=E &M BI=H T
22T N FesE A ZIUAUAE 2 S
28t M2E HEE £ US A0IC

2 A0 A= 1000 x 500 m 2219 e =
SHOE =20 Uistd =J] 2Z4HE =3
ot1l, OIE CHAIRZ Bl) T2 2% didE =8
Lt 2 A &2 dd & 2Ee ESMot
gxHY E2 FR & T2 DiLis 202
Aoz otH, &3 XS X MAdles g =
ZH SN0 AIBEE AMTZ HUE 2838
Ch H22% 4 J(ge d9 I L 2ES0
MNEZE= spectral method Ol 20{& AZ 2ol
A JIHE 250, dBuA g2 &X Y
LH SFOHRl S0 & o 8l wave spectrum 2

SUE Jofstlh 2 QU 32 SR hot-

spot
mesh 2 £2 FX 21X coarse mesh 2
zooming JIE0l 218
ot &4 fAXIe
g HHELZ2E A

AME

| ol2
S

N
<
=
m
w
4

|,L.

o]

Il

1+ £
02

Ql

w g (T

o ob 0f og

[}

L2
S =

1o
e
>
N
B
x ™

Om
x
%

2ot RASHH t x t =F2 fine
SA0l
e
—otH
29

St REtR
=

SE

OIO

E
|0
Hll
J
ET
M
nr =
N
4> M L
X
it
HT
0 42 4

o

--

0
y
a y
PR ml
2, o
o o
=

g
1
_\'T‘_I
H
M oE (> )8 S 2

=
2
>
0R
i
=
o
<
(0]

0y fol
S
o

o
<

=
o

10
HU
08
A=
on

N
nx
=

pu g

2.1 JI2H&8 ¥ unit 2

Iz2d%

xeo Lk

el = g

=

$A JlgS HMBs T4 VIFS 2
5 DS Y SRS JIEE 2R
+

EI0IE0ICHEAMY S 2004). Ot2ie CHA

0l J12H8 & NS 2012 UCH

- PX& Al pontoon type

- FRAIA: LxBxD = 1000x500%6 m
Mean draught = 2.0 m
- BXRAIA

CH

o

XA

o

3

Job

3l =28 M43 H3S 20064 63



. SEHAR AAE
. Access
- X2 9504

2 X8 2228 ¢HZ AXs=e A2 20
sot82 I =449 yard ALsHE 126t
O Fig. 10lA 20l= Hi2 22 |LIE ZEHE
2 AL 8 |LIE AJ1= JHAM 20I
= Ht2 20| 250x40x6 m 0122, ®BH =22

5002 RLIEZ RLET

e N ST D
SIEDL MY U HE ZASUNMC X, 45 S
O HBSH= SAUD 515 ZAHE LIEHC

T, T

¢ 1000 |

Fig. 1 Plan of unit division.

Table 1 Design load condition for side & bottom.

“ltem Condition |Design loads
. Design
Deck facilities deck loads 2.0 ton/m2
Side wall at 40m
Water pressure typhoon ’
height Bottom at 6.0m
typhoon
Height Hy;a=0.5m
Wave  Normal| oy | Tia=13.0
condition sec
within Height [Hys=1.0m
breakwater Typhoon -
P Period T1/asec13.0
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- Longitudinal dir. effective thicknesses -
$1.680 m
- Transverse dir. effective thicknesses
$1.602m
~ Longi. dir. bending moment of inertia
:15.075 m*
- Trans. dir. bending moment of inertia
:108.6 m*
- Effective thickness of primary members:
. deck=25.88 mm,
. bottom=25.88 mm,
. side of BHD of unit = 20.34 mm,
. Web Frame = 13. 50 mm
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Fig. 2 Structural configuration of primary
members of the unit

Table 2 Structural design result of a unit.

Web Space (m) 5.5
Longi. Space(m) 0.8
No. of Longi.(EA) 49
Sectional M. of Longitudinal 15.075
Inertia (m*) Transverse 108.55
Thickness (mm) 18.0
Deck & Bottom Stiffener
3 788.
sec. modulus{cm®)
Thickness(mm) 13.5
Side & L. BHD, Stiffener
3 986.
sec. modulus(cm®)
Thickness(mm) 13.5
WEB & T. WEB Stiffener
3 590.
sec. modulus{cm®)
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Table 3 Wave data: BMT Area 28 South direction.

|7 SOUTH
PERCENT OF OBS = 12.77%
Z?:;ﬁm 4 45(55{65(75(85(95(105|11.5(125] 13| Total
'WAVE HEIGHT [m]
0.5 161 | 196 | 92 [ 23 4 0 0 0 0 0 0 | 475
1.5 44 11351114 44 | 1 2 o 0 0 0 0 350
25 9 39 | 46 | 24 7 2 0 0 0 ) o 127
35 2 S 14 8 3 1 0 o o 0 0 37
4.5 0 2 4 3 1 0 ] o 0 0 0 10
5.5 0 1 1 1 ] 0 ] 0 [ 0 0 3
8.5 0 0 0 0 ) o V] [ ] 0 o a
[ Tom 216|381 [ 211 [103] 26 [ 5 | o 1] ]
AE Laist WEXZ(Wave data)d A0 615
XHO Z2AO0| MO0 St HdEt &2 EF o
ARE2N= el VLIFS PEE2 0Olal Eolld
E3 oot XIE oA et dxiE= SE0l U
Ct Jdi22 VLFS IERdAE {8 iz s=
AXoiE D LMH X8 D00 SEHEHH Ok
Bl & dR0AMe=E DI 8X1 XNy 2HIbA
o wEtd s 10t Table 3 UM Z0l= Bi%}
20l BMT Area 28 South Wave data & CHat THg
e SEOIRIC
2728 LMt BN FE= G| dlatat
ElOA Mol IIEE FAaNole JIAMGIH &
HE E4X2 Ot AHEHSZ LIEIHCH & &
FUAME 2229 X XE0] dietdlete 4
o 2OLHel o SUEBS M6 A (1)e &3

2 o
1))
Qﬂ
<%
[w

JONSWAP wave spectrum 2

S'(@) = R(@)S(@)

= TR(G)):BJHIB(

(w-ap)?
xRl ]

Y

OO,

0.0624
0.230+0.0336y —0.185(1.9+7) "

B =

007 w= a,
T 10.09: 0> 0,
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r=1
w, - peak wave frequency

@ : mean circular wave frequency

H,,, : significant wave height

T, : peak period (modal period)

R(w) reduction function of wave

transmission effect by breakwater

Table 3 2 T = 95 % AW D}
H,,;< 0.5m 2t= EN8 ZACZRH 4 (1)9
ST 2ABA R S T28 4 UOM, YO
X ABES S50 PHA A2 A Q)0M 20l
= Hiob 2CH.

R(w)=A+Bw+Ca? + D&’ + Eo* + Fo’® + Ga®

+Ho +10%+J0° + K"

(2)

HIA,

A= 1.00E+000

B= 3.55E-001

C = -7.36E+001

D= 5.17E+002

E=-1.81E+003

F= 3.82E+003

G = -5.15E+003

H= 4.44E+003

| = -2.38E+003

J = 7.24E+002

K=-9.51E+001

BHH, X9 o) SHAHEY Sp(w/d)=
SE MY & (stress transfer function) H(w/0) &
AESIH TS 22 A2F A4S

Sx(@/8) = |H(w/0)’S" (w) (3)
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Fig. 9 An example of stress distribution result
near the hot—spot point.
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Fig. 13 Stress transfer function at point # 13.
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Table 4 Damage factor and fatigue life of some
concerned points.

o, g,

o
fer

Position Damage Fatigue Life
Factor (year)
6 (Bottom) 0.120 417.6
12 (Deck) 0.097 513.1
13 (SIDE~-BTM) 0.080 626.4
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Table 5 Damage factor and fatigue life at point #
6 considering the unknown stress RAO factor’s

variance.
Stress RAO Damage Fatigue Life

factor Factor (year)
1.0 0.120 417.6
1.2 0.207 241.7
1.4 0.329 152.1
1.6 0491 | 101.8
2.0 0.959 | 52.2

Table 6 Damage factor and fatigue life at point #
6 considering breakwater’s transmission factor.

Transmission Damage Fatigue Life

factor of Factor (year)

breakwater
Hijs= 0.45m 0.120 417.6
Hi;3= 0.53 m 0.190 262.0
Hi/5= 0.61 m 0.280 178.0
Hy;s= 0.68 m 0.390 128.0
Hiz= 0.75 m 0.523 95.7
Hi/s= 0.88 m 0.857 58.4
Hizs= 1.00 m 1.203 | 38.7
120
//\J

|

=3
S

@
=]

G, ot (MPa)

»
o

N
=]

EEEREREEEEE

9)3 0.35 0.4 045 0.5 0.55 06 065 0.7 0.75 0.8 085 0.9 095
Frequency (rad/sec)

Fig. 14 Stress transfer function (90° wave angle)
at point # 6 directly derived from hydro—elastic
response analysis.

St =2 HRE SOt 20T FREt Atal ot
LHE OJIM 1=t 0K SHCH AME Fig. 12-14 0
A ol hot-spot S0 &t SHIY &=
2 A =Ed di8 2U2RPH AE 2000 2™
dE S R RAIE SXYE o8 = U
‘RIE} 3 EHE@.P_' HIZA Fig. 14 = SEd oA

IO

0l l
19
(gl
g
ﬂ‘l"
ﬂJlﬂJ
_|,__
m
5
rr
9,:_
9
fir
)
Q@
o
10
Y



360

00
n
rr
¥
=]
o
> Mo
S M
o
&y
2
=

on
0
oy
0
R
o
p=4
—
U g

e [Ar e

O o [ A

([T
M o S v2 r3 o off

41 g

o
e

o
30
[wl

r

o

2

Mo
B4 10
%

S
oo
x
2
x

Jg
bal

Woop T 2
o o o

o X
L_rIFORtQ

WX > oo oo =2
ne

>.
n %
>-
=] 1z

Je
ny
>
O

)
ioh
" an

I =2
fe

S 00 W
ol
2
1=
t
oy
r
lo 30
P
02
=]
S|
oIr
e
4
b}

Y

2
[w]
e
10
u
0x
%
=

0
J

H
30 1]
(]

b = VARV U 2 e i [o R |
a

i
e
0| 4
i
O
o
s
<
c
n
w
X!
3]
0
£

]
iy
kJ
o
Ql
Ir

-

pA

o Mx

oY
o
1o
30 o

@ g lo
20

&
I

00 on
0x
we o

e ) H
x

o

ol
jz 32
e
x
X
=
i
Omm
ol T
2 "

e
ne
T
=O£
02
44

= 0o
o
rir
=
HU

=1
4J
v
Ho
nx oY

2 = >
=]
==
EJ
ob

12\.1

<
=
o
O E g oy
g 0 2
0T 0% M
=
=
Mo for A

40 oy

o 08 & ju
i
[

o
1o o
o 0
& o
v g
ST 2
oo = g B0
A AL
5 - = o
O » = 4] o
e o © 40
® 5 g
ooy e
o

el
x
ta
Q
o M @ 0 4T 0f ¥ 0> B 2 M

ﬂ
rr
08

o
o

I
e
Bu
2
_>I:
04
N
n
0z

(]
4
10 W
[
i
A

0 o
10
4] €
B
.
X
2
e o

¢ ANSYS Inc. 2005, ANSYS Release 9.0.

o Det Norske Veritas , 2001, Fatigue Assessment
of Ship Structures, DNV Classification Notes,
No.30.7

e Han, S.H., Han, J. and Shin, B.C., 1998,
"Fatigue Strength Estimation and Fatigue
Design of Welded Members under Hot-Spot
Stress Concept," Transaction of KSME Vol.
A22, No. 11, pp. 2072-2083.

e Han, S.H. and Shin, B.C., 2000, "The Use of
Hot Spot Stress for Estimating the Fatigue
Strength of Welded Components," Steel
Research 71, No. 11, pp. 466-473.

e Kim, B.W., Kyoung, J.H., Hong, S.Y. and Cho,
S.K., 2005, “ Investigation of the Effect of
Stiffness Distribution and Structure Shape on
Hydroelastic Responses of Very Large Floating
Structures,” Proceedings of 15th international
Offshore and Polar Engineering Conference,
Seoul, Korea, Vol. 1, pp. 210-217.

e Shigeru Tozawa, Akinobu Kawamura and
Hiroshi Shirakihara, 1996, “ Technical Outline
of Structural Design for Mega—Float,” Inter.
Workshop on VLFS, Hayama, Japan, pp. 11-
18.

e Technological Research Association of Mega-
Float, 1996-2000, “ The Study Report of
Mega—Float in FY 1995-1999,” (in Japanese)

stz dsts) =28 M43 M35 20064 6 &

o



361

o

RO
o
i
X0
ol

Journal of SNAK, Vol. 43, No. 3, June 2006



