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Time Domain Analysis of Hydroelastic
Responses for a Very Large Floating Structure in

Multi-Directional Irregular Waves

Chuel-Hyun Kim

Department of Naval Architecture & Marine Systems
Engineering
Graduate School

Pukyong National University
Abstract

Recently, as the technology of utilization for the oecan space is
being advanced, floating structures are asked for being more and
more huge-scale. Especially, a pontoon-type floating structure has
been came into the spotlight since The Floating Structures
Association of Japan proposed it for the most suitable one of

floating airports. Very Lage Floating Structures(VLFS) are considered



as a flexible structure, because of a quite large length-to-breadth
ratio and its geometical flexibility. The main object of this study is
to develop a accurate and convenient method for the hydroelastic
response analysis of very large offshore structures in waves. The
numerical approach for the hydorelastic responses is based on the
combination of the three dimensional source distribution method
and the dynamic response analysis method. A model is considered
as many rigid bodies connected elastic beam elements. The calculated results
by the hydroelastic response method includng the radiation foreces develped
by individual rigid motions of floating hull elements show good agreement
with the experimental and calculated ones by Yago. The frequency
domain analysis in the multi-directional regular and irregular waves
is expended to time domain analysis by using convolution integral

after obtaining impulse response as Fourier transformation.
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{Fi'} = —ipw[/Sl ¢tntds , (j=1~6) (2.46)

nb= (=2l )n,— /=4 )n, (2.47)
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qE= EIEETI
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¢
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_25_



lim grad ¢p= 0 on S, (2.50b)
Z->— 0

p 8¢,
on  on on Sy 2.51)
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f-» o
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Fig.2.1 Sketch of an arrays of 21 (21 by 1 ) pontoon floating

bodies and the beam elements for the upperstructure
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Fig.2.2 Coordinate system
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Fig.2.3 Definition of motions
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Table 1 Principal particulars of the Yago model

Scale Ratio 1/30.77 /1
Length, L 9.75m 300.0m
Breadth, B 1.95m 60.0m
Depth, D 54.5mm(1.68m) 2.0m
Draft, d 16.6mm 0.56m
Stiffness Eliong.(kg + m?) | 1.788x10%4.93x10'%) | 4.87x10"
Water Depth 1.9m(58.5m) 8m

() : Values scaled up by 30.77

Fig.2.6 Sheme of the experimental setup by Yago
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( a ) Arrangement of pick-ups for vertical displacement

AP x=0".30° FP
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! -

LL78_‘I = Longitudinal gauge

¥ Transverse gauge

( b ) Arrangement of pick-ups for bending strain by Yago

Fig.2.7 Arrangement of pick-ups for vertical displacement and

bending strain by Yago

/!/%)Iyethx[cg_ Foam _

Fig.2.8 Closs section of the model
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W.D. =180 deg., WL/L=1.0

2.00 ——
Elastic Rotation W\

— — — — Rigid Rotation

O O O CalYago[1996]

| ® e e Exp.Yago[1996] |

Zic,

-1.00 0.00 1.00
XI(LI2)

(a)at WL/L=1.0

Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 8 =180°

_49_



W.D. = 180 deg., WL/L=0.9

2.00

N

Elastic Rotation
— — — — Rigid Rotation

[ © O 0O CalYago[1996] ‘

| ® @ ®Exp Yago[1996] '

0.00 T | T

-1.00 0.00 1.00
XI(L2)

(b)at WL/L=09

Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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W.D. =180 deg., WL/L=0.8

Elastic Rotation

————— Rigid Rotation
. 0 o o CalYago[1996] |
!« @ ®ExpYago[1996]

0.00 1.00
XI(L/2)

(c)at WL/L=0.8

Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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W.D. =180 deg., WL/L=0.7

2.00

| ——————— Elastic Rotation
— — — = Rigid Rotation

© © © CalYago[1996]
® ©® o Exp Yago[1996]

0.00 Y | T

-1.00 0.00 1.00
XI(LI2)

(d)at WL/L=07

Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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W.D. = 180 deg., WL/L=0.6
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: Elastic Rotation
— — — — Rigid Rotation
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. ® ® @ Exp. Yago[1996]

“t
|

>~ 1.00

0.00 . i .
.00 0.00 1.00

(e)at WL/L=0.6

Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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W.D. = 180 deg., WL/IL=0.5
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| Elastic Rotation
. — — — — Rigid Rotation
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® e @ ExpYago[1996] '
©
P /
¥ 1.00 - e
N
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( f)at WL/L=05

Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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W.D. = 180 deg., WL/IL=0.4

| Elastic Rotation W
— — — — Rigid Rotation
o e} O Cal. Yago[1996] |
® e @ Exp Yago[1996] i
i
—_— 1.00 —
N A
0.00
-1.00 0.00 1.00
XI(L12)

(g)at WL/ L=04

Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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W.D. = 180 deg., WL/L=0.3
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Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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Fig.2.9 Longitudinal distributions of vertical displacement amplitude at 3 =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at 3 =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at 3 =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at 8 =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at B =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at 3 =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at 3 =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at 3 =180°
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Fig.2.10 Longitudinal distributions of vertical bending moment amplitude at 3 =180°
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AYAZAAGN QoI el diF FHe BASASHYSF (Unit Impulse
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Table 3.1 Principal particulars of the Ohta model

Scale Ratio 1/80 1/1

Length, L 156m 1200.0m
Breadth, B 3.0m 240.0m

Depth, D 56.0mm 4.5m

Draft, d 12.5mm 1.0m

Stiffness Eliong.(kg * m?) 334 1.09x10'%(7.86x10"")
Water Depth 0.25m 20m
() : Target

Table 3.2 Test condition

Water Depth

0.25m (Shallow)
3.10m (Deep)

Waves

Long Crested Irregular Wave
Short Crested Irregular Wave

Regular Wave

Wave Direction

180(0), 225(45), 270(90) degress

Table 3.3 Wave condition

0.10 1.11 20
0.12 1.28 20 O
0.18 1.82 20 o
0.20 2.00 20
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Fig.3.1 Coordinate system and experimental setup by Ohta
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Fig.3.3 Arrangement of pick-up for vertical displacement
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Fig.3.5 Comparison of vertical displacements amplitudes in long

and short crested irregular waves (shallow, 6 =180°)
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Fig.3.6 Comparison of vertical displacements amplitudes in long

and short crested irregular waves (shallow, 6 =225°)
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Fig.3.7 Comparison of vertical displacements amplitudes in long

and short crested irregular waves (shallow, 6 =270°)
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Eklct (w) — / Ekle (t) eiu)t dt
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= / E, ¢ (t) cos wt dt + z'f E,°(t)sinwt dt 4.19)
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= — Re[E," (w)] + iw{ukl“(oo)— T o7 (4.20)
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Fig.4.21 Comparision of the heave motions on hull number 18

in time and frequency domain
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