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Hydrodynamic Response Analysis of Hybrid Floating Structure according
to Length of Damping Plate
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Abstract : New businesses such as marine leisure and floating construction have recently flourished on the coast.
As a result, consideration is given to a floating structure appropriate for marine environments. In this study, we
applied a damping plate to increase the stability of a hybrid floating structure that was expanded by vertical and
horizontal stacking of mobile unit modules. In the numerical analysis using ANSYS AQWA, the behavioral char-
acteristics of the floating structure were analyzed according to the length change of the damping plate. However,
the wave forces acting on a floating structure are excessively calculated by the resonance of fluid surrounded by
the structure in the numerical analysis using potential flow. Therefore, we used the damping zone option of the
ANSYS AQWA in the frequency domain analysis.
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Fig. 1. Extension method of hybrid module for floating structure.
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Fig. 3. Definition sketch of numerical model for floating structures.

Table 1. Properties of floating structures

Name Pontoon Hybrid 0.25 Hybrid 0.5 Hybrid 0.75 Hybrid 1.0
Size xxyxz) (m)  550x1572x5.10 600x1572x5.10 650x1572x510 7.00x 1572510  7.50 x 15.72 x 5.10
Mass (kg) 315,982 298,171 300,060 305,421 309,047
Draft (m) 3.566 3.566 3.566 3.566 3.566
Moment of inertia £, 7,191,900 7,068,900 7,113,200 7,239,800 7,325,000
(kg'm”)
Mome’(‘lt(glfm‘?)ema Ly 1,481,400 1,670,500 1,766,400 1,897,000 2,032,100

Moment of inertia ..

2 7,303,500 7,203,200 7,322,100 7,540,600 7,731,700
(kg'm")
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Fig. 5. Standing wave without damping for hybrid 0.5.
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Fig. 6. Comparison of damping factor for hybrid 0.5.
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Table 2. Ratio (with damping/without damping) of wave surface elevation for hybrid 0.5

Wave period 5 sec 5.5 sec 6.0 sec 6.5 sec 7.0 sec 7.5 sec

Ratio (wi/wo) for 0.3 damping 1.3704 0.9731 0.9666 0.0816 0.9797 0.9998
Ratio (wi/wo) for 0.6 damping 1.7007 0.9552 0.9466 0.0178 0.9229 0.9966
Ratio (wi/wo) for 1.0 damping 2.1897 0.9367 0.9077 0.0178 0.8318 0.9894

120 07

§ Present 7| Present

= 400 4 —a/b=1.0 L064 | —ab=1.0

3 —ab=14 E || __op-14

£ ——a/b=1.8 €054 ab=1.8

£ 80 Koh and Cho(2016) 2 Koh and Cho(2016)

s s ab=10 204 = ahb=1.0

2 e ab=14 8 e ab=14

% A a/b=18 Sos L4 ab=18

S 5

= e

9 © 0.2

@© o * 4

z § 0.1 o3

g = ’

T _ .

0 T T T T T T T T T 00 T T T T T T T . T

® (rad/sec)

(a) Heave wave force

® (rad/sec)

(b) Heave radiation damping

Fig. 7. Comparison between present method and Koh and Cho (2016) for b/h=0.1, b/d=0.228, dy/d=0.54, and h=0.6 m.



280 1R= Es

E 1200 0 degree With damping
> Pontoon 0 degree
=3 1 ——Hybrid 0.25|| = Hybrid 0.25
§1000— ——Hybrid 0.5 e Hybrid 0.5
= 4 ——Hybrid 0.75|| 4 Hybrid 0.75
£ 800 ——Hybrid 1.0 || v Hybrid 1.0
©
o 4
=
©
2 600
®
o 4
s
o 400
=
© J
=
o 2004
e
5 J
»
O 777177 T T T T T T T T
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Wave period (sec)

(a) Incident wave angle = O degree

re
N
&
o
)

1200 4 Hybrid 0.5
With damping|| Pontoon
——~0deg s QOdeg
10004 ——30deg || ¢ 30deg
——45deg a4 45deg
800 ——60deg v 60deg

600

400 4

200 4

Surge wave forcefwvave amplitude (kN/m)

B e e e e I e
10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)

(b) Comparison of surge wave forces

Fig. 8. Comparison of surge wave exciting force for various incident wave angles.

350
45 degree With damping
300 Pontoon 45 degree
——Hybrid 0.25|| = Hybrid 0.25
——Hybrid 0.5 ¢ Hybrid 0.5
0 —Hybrid 0.75|| 4 Hybrid 0.75
1 ——Hybrid 1.0 v _Hybrid 1.0

Sway wave force/wave amplitude (kN/m)

=}

LU S A A S E B R
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Wave period (sec)

(a) Incident wave angle = 45 degree

w
3

Hybrid 0.5
With damping|| Pontoon
——0deg s Odeg
——30deg 30deg

Sway wave force/wave amplitude (kN/m)

T T T T T T T T T T
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Wave period (sec)

(b) Comparison of sway wave forces

Fig. 9. Comparison of sway wave exciting force for various incident wave angles.

aff FfrAll e A A B kA Skt
HHAZE el a7 o] vkal 7 ) Jaksh= 9t
o] F-fAlel #-gsh= P& 7= A (Wave exciting
force)oli} f?H?}. Fig. 8~13 YAeh= ok QA e ¥
3H0E, 30%=, 455, 60=)°] W FH-Ao 2-8-35l= 2 A2}
el JJr ZAAEE HolFa1 9l o, Fig. 8~13¢4] 7&
& Skehe 9] #7115 YER oL glom, AlES
ZEo] g 9 % RAES Ak v “‘i
(= $AF} FRaLH)2)0 = vhe Fholtt. Fig. 10014 874
2] do] Wiglel] #AIG10] F7] 6.0%004 Fxlo] AT
ow gt 48 ol olef et wxlo] whAlekA] o
T AE g1 %tk a8 oleid 54 T4 9]
SR AskE -2l 2H8-sh= 313 (Heave force)ollqt &
Fe= T 7= A5 FH(Surge force)?t - 9
(Sway force)olli= @] YrehA] ekgtet. 53] A9 3]
¥ (Roll moment, Pitch momenty> “J3} 32 (Heave
force) = WA SE FHdo] Ql=d] B4 7)o 2] Fxlel| 9
Sk SA% et g Tk 3|l A8 e A &
ol FEEel g Sl A9 Y

dolug)s 362 T2 ke siAskn BaAle) 5

g e
=
L%
<
T
T U
o 11

S A% A S BV} A 8
9 QAksh= 9 7}
BRI

shele] solnel= gt 42 U ol . ol

B
AL
i,
£ %
>
e
i,a
JE
L

atel = E)IO] Z7}°F B L}EM]
_7;4_ o]l gutel A= 719 zte]7} whst
2 EEol A-8ehs oIt fAkek g
Tor*—. TEEl gk 2 e T
7] 6.0% Olé}ﬂ 111313} = L% ol slojng =Yy
RO A Yeptar glom g7k wke] dolrt dojd4=
F717}F &S datellr= gEgto] SrksARE 7717 Hojd
T 7] A7} WA EkA] ek o] ekt st 9t
28 7 Re] dolrt dojdaE ko] 1k 3]‘“1 el
o] WAeh= F71 6.0% olstoM= FEF R =2 w7
JANE 18] F]el e EER R 2 T7]7]' 7&"1@‘?
= EEF e Afol7t Fhashs A Ee] vkt 814
o] Hol7} A= At ko] hash= Als Koh
and Cho(2016)2] 1ol X:= 227312 Froude-Kryloffs]
¥} 3] 9 (Diffraction force)d] TOZ FAIE=d|, 74432

N



S Zolo] B slolnel=

2500
E 0 degree With damping
< Pontoon 0 degree
"o 2000 | ——Hybrd 0.25| = Hybrd 0.25
s ——Hybrid 05 | e Hybrid 0.5
= ——Hybrid 0.75|| 4 Hybrid 0.75
E 15004 ——Hybrid 1.0 || v Hybrid 1.0
o
=
©
£
& 1000+
L2
o
> L
©
Z 500
o
=
©
o
T

0 T

T
5 6 7 8 9
Wave period (sec)

T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20

(a) Incident wave angle = O degree

2500
£ 45 degree With damping
Z Pontoon 45 degree
“® 2000 ——Hybrid 0.25| = Hybrid 025
E ——Hybrid 0.5 | e Hybrid 05
s ——Hybrid 0.75| 4 Hybrid 0.75
£ 15004 ——Hybrid 1.0 || v Hybrid 1.0
o
=
©
£
&8 1000
k)
(]
>
©
2 500
(]
&
]
E

—T
6 7 8 9
Wave period (sec)

T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20

(c) Incident wave angle = 45 degree

Fig. 10. Comparison of heave wave exciting force for various incident wave angles.

45 degree With damping
1000+ ——Pontoon 45 degree
——Hybrid 0.25 = Hybrid 0.25
8004 ——Hybrid 0.5 * Hybrid 0.5
——Hybrid 0.75(| & Hybrid 0.75
——Hybrid 1.0 || v Hybrid 1.0

400

200

Roll wave moment/wave amplitude (kNm/m)

5 6 7 & 9
Wave period (sec)

(a) Incident wave angle =

T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20

45 degree

Roll wave moment/wave amplitude (KNm/m)

Fig. 11. Comparison of roll wave exciting moment for various incident wave angles.

o7} Aojd= s)ddeo] Frlstel 3]4# 3t Froud-
Kryloffe] o] wxpgof| A 2ASk= 234l =317 (Cancellation
frequencyy’} S7Feb7] wiitoletal AMzstal Qlot. & BEHE
(Roll moment)= ¥£==30] sfo| B =g Kt A vehtal
Qo T RE] o7t Aojdr= F717} F Tl
A= Hadhe e Holtt 771 12.0% o] E= A
o] ket gh& 71 AL Sl o= 3 RHET} 3¢ 9=
et ghEe ojal] = 29 ok o 3] ddolRTt

T Tl A 54 T 281
A2500
E 30 degree With damping
Z Pontoon 30 degree
2 20004 ——Hybrid 0.25|| = Hybrid 0.25
E ——Hybrid 0.5 | e Hybrid 05
= ——Hybrid 0.75|| 4 Hybrid 0.75
£ 15004 —Hybrid 1.0 | v Hybrid 1.0
2
©
£
8 1000 -
S
o
=
©
2 500
o
®
L
T
o777 T T T T T T T T T T
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)
(b) Incident wave angle = 30 degree
2500
£ 60 degree With damping
Z Pontoon 60 degree
"o 2000 - ——Hybnd 0.25| = Hybrd 0.25
S ——Hybrid 0.5 | e Hybrid 05
3 ——Hybrid 0.75| 4 Hybrd 0.75
£ 1500 ——Hybrid 1.0 || v Hybrid 1.0
2
«©
£
8 1000
S
o
>
©
2 500
o
&
[
T
o771 T T T T T T T T T T T
5 6 i 8 9 10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)
(d) Incident wave angle = 60 degree
000 Hybrid 0.5
1 vvv, With damping| Pontoon
v vy ——0deg = Odeg
L 4
800 asa, e ——30deg | ¢ 30deg
A -~
v
L o o e L B oo o o e e
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)
(b) Comparison of Roll wave moments
st skEle) 3 wlolsk o) st shge] Aujziel 3
k= A0 2 gt} & Ral E(Pitch moment)= 7

=

of| A EEo] slo|rB =g} 2 veRdal 4
2 ¥e] o7} Ao Frketal F717F o4
| Yebstt &, & RHEE A5 v

| oJal) A= TR S 9k ] A|ulAd
e & T Ak g 2dlE(Yaw moment)

g3} sjol e =g 710] Zjol7t ulashl Lheht 5574

ofl il o o
™
3

ol n_‘\(_l

_,d
o
)
2
o2 =

ol
M o ox J

M o
%



282

PN
w4

1200 4 0 degree With damping
Pontoon 0 degree
——Hybrid 0.25|| = Hybrid 0.25
1000 ——Hybrid 0.5 ® Hybrid 0.5
1 ——Hybrid 0.75| 4 Hybrid 0.75
800 ——Hybrid 1.0 v Hybrid 1.0

Pitch wave momentivave amplitude (kNm/m)

T T T T T T T T L] T
10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)

(a) Incident wave angle = O degree

£ = .

E 1200 4 45 degree With damping
z Pontoon 45 degree
b ——Hybrid 0.25| = Hybrid 0.25
T 1000 ——Hybrid 0.5 # Hybrid 0.5
=3 1 ——Hybrid 0.75|| 4 Hybrid 0.75
E 800 ——Hybrid 1.0 ¥ Hybrid 1.0
[ J

>

©

£ 600+

=

= J

g 400

£

® ]

T 200

2

i --_‘ﬁ“%‘*_

2

.m 0 T T T T

T T T T T T T T T T 1
10 11 12 13 14 15 16 17 18 19 20

Wave period (sec)

5 6 7 8 9

(c) Incident wave angle = 45 degree

2
N

Pitch wave momentivave amplitude (kNm/m)

Pitch wave momentiave amplitude (kNm/m)

298
1200 | 30 degree With damping
Pontoon 30 degree
———MHybrid 0.25(| = Hybrid 0.25
1000 — ——Hybrid 0.5 e Hybrid 0.5
——Hybrid 0.75|| 4 Hybrid 0.75
800 - ——Hybrid 1.0 v Hybrid 1.0

T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)

(b) Incident wave angle = 30 degree

1200 - 60 degree With damping
Pontoon 60 degree
——Hybrid 0.25| = Hybrid 0.25
1000 — ——Hybrid 0.5 e Hybrid 0.5
——Hybrid 0.75|| 4 Hybrid 0.75
800 - ——Hybrid 1.0 v Hybrid 1.0

T T T T T T T T T T 1
10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)

Fig. 12. Comparison of pitch wave exciting moment for various incident wave angles.
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Table 3. Ratio(Hybrid/Pontoon) of pitch RAO for incident angle 0 and 30 degree
Period Incident angle 0 degree Incident angle 30 degree
(sec)  Hybrid 025  Hybrid 0.5  Hybrid 0.75  Hybrid 1.0 Hybrid 025  Hybrid 0.5  Hybrid 0.75  Hybrid 1.0
5 0.940 1.776 2.934 4215 0.956 1.758 2.865 4.092
6 0.794 1.362 2.166 3.028 0.810 1.364 2.147 2.984
7 0.698 1.117 1.741 2.401 0.713 1.127 1.739 2.384
8 0.632 0.955 1.467 2.003 0.646 0.967 1.471 1.999
9 0.586 0.840 1.276 1.730 0.598 0.851 1.283 1.731
10 0.553 0.756 1.139 1.532 0.564 0.769 1.147 1.537
11 0.531 0.697 1.037 1.388 0.541 0.707 1.045 1.393
12 0.516 0.651 0.959 1.277 0.525 0.661 0.968 1.282
13 0.505 0.616 0.902 1.192 0.514 0.625 0.909 1.197
14 0.500 0.590 0.855 1.126 0.508 0.598 0.863 1.131
15 0.498 0.570 0.821 1.073 0.505 0.579 0.829 1.079
16 0.498 0.557 0.796 1.031 0.504 0.564 0.802 1.037
17 0.500 0.546 0.774 0.998 0.506 0.553 0.781 1.004
18 0.504 0.537 0.758 0.973 0.510 0.545 0.764 0.978
19 0.510 0.533 0.746 0.951 0.515 0.540 0.753 0.956
20 0.516 0.532 0.738 0.935 0.521 0.537 0.744 0.939
Table 4. Ratio (Hybrid/Pontoon) of pitch RAO for incident angle 45 and 60 degree
Period Incident angle 45 degree Incident angle 60 degree
(sec) Hybrid 0.25  Hybrid 0.5  Hybrid 0.75  Hybrid 1.0 Hybrid 0.25  Hybrid 0.5  Hybrid 0.75  Hybrid 1.0
5 0.971 1.744 2.809 3.992 0.984 1.734 2.763 3.909
6 0.826 1.368 2.130 2.945 0.840 1.373 2.116 2911
7 0.728 1.137 1.737 2.369 0.742 1.146 1.736 2.355
8 0.659 0.978 1.475 1.994 0.672 0.989 1.479 1.990
9 0.610 0.863 1.290 1.732 0.622 0.874 1.297 1.733
10 0.575 0.780 1.155 1.540 0.586 0.791 1.163 1.544
11 0.551 0.718 1.053 1.397 0.560 0.728 1.062 1.402
12 0.533 0.671 0.976 1.288 0.542 0.680 0.984 1.293
13 0.522 0.634 0.917 1.203 0.530 0.643 0.925 1.209
14 0.515 0.607 0.871 1.137 0.522 0.616 0.878 1.143
15 0.512 0.587 0.836 1.085 0.518 0.595 0.843 1.090
16 0.511 0.572 0.808 1.043 0.517 0.579 0.815 1.048
17 0.512 0.560 0.788 1.009 0.518 0.567 0.794 1.015
18 0.515 0.552 0.771 0.983 0.521 0.558 0.777 0.988
19 0.520 0.546 0.759 0.961 0.525 0.553 0.764 0.966
20 0.526 0.543 0.749 0.944 0.530 0.549 0.755 0.948
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Fig. 20. Comparison of pitch RAO for various incident wave angles.
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