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Time Domain Analysis of the Motions of
Catenary Moored Floating Breakwater
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Abstract 7 A numerical technique is presented to calculate the motions of 6 d.o.f and mooring tensions
for a catenary moored floating breakwater. The breakwater may be subjected to the 3-D combination
of regular or irregular waves and stationary forces. The added mass coefficients at the infinitive
frequency of input wave and the variations of damping and exciting force coefficients are calculated
using the source distribution method. The coefficients are used to constitute motion equations in
time domain which are solved by Wilson-0 method. The solutions agree quite well with either static
displacement determined from Newton method under the stationary force only or 6 d.of determined
from the frequency domain analysis under regular wave only. An example analysis is also done for
a floating breakwater to demonstrate its applicability.
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Fig. 1. Definition sketch of a floating breakwater.
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Fig. 2. Definition of coordinate system.
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Fig. 3. Catenary mooring line of loose state.
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Table 1. Input and initial conditions of catenary mooring lines

Item Line no. (Unit) 1 2 3 4 . 5 6
Body attachment m 15.4, -3 0.4-3 —15,4-3 —15,4,-3 0,—4,—3 15,—4,—3
point. (xp. 3, 2p)

Anchor point, m 100,100, —30 0,100, —30 —100.100, —30 — 100, — 100, —30 0, —100, —30 100, —100, —30
(x0.¥0.20)

Weight per unit, Kgt/m 2000 2000 2000 2000 2000 200.0
length. w, '

Initial horizontal Kgf 1500.0 1500.0 1500.0 1500.0 15000 1500.0
tension, Ty »
Initial tension. 7, Ky 6900.0 69000 6900.0 6900.0 6900.0 69000
Mooring line m 145.3 113.1 1453 1453 1131 1453
length. S.,

Initial ground m 1120 79.8 1120 112.0 79.8 1120

length. /[,
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Fig. 4. Discretization of the immersed surface of floating
body for the application of the source distribution
method. '
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Fig. 5. Variations of hydrodynamic coefficients for the
sway motion with respect to wave frequency: (a)
added mass coefficient; (b) damping coefficient.
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Table 2. Virtual mass coefficients, restoring force coefficients and natural periods of 6 d.of motions

Item i 1 (Surge) 2 (Sway) 3 (Heave) 4 (Roll) 5 (Pitch) 6 (Yaw)

M (kg or kg-m® 0.105X 107 0.135X10° 0.194X 10/ 0.135X 10% 0.144 % 10° 0.119X 10°

Rio (kg/sec’ or kg-m?/sec?) 0571 X1 0.138X 10° 0.237% 107 0.208 X 10% 0.186X10° 0957X10°
T (sec) 85.2 62.1 57 5.1 55 70.2




188
~ 5
e f
~ 0.0 T 7 T —— ~—r t (sec
Jog Ojb\/ 5.0 10,0 150 20.0 (sec)
T -1.5
()
~ P 03
< X
2 .3 00 t (sec)
S% o 5.0 0.0 150 20.0
S -03
(b)
o T 04
N
T o0 = S — — t (sec
SR op T Tso 100 150 20.0 )
< o4

(c)

Fig. 6. Memory functions: (a) sway: (b) heave: (c) roll.

n(t). (m)

0.0 t (sec)
of S~—s00 100.0 150.0

1.2
k A
/\
°-°of \/ WBo < 50
-0.6

-1.2 (b)

— t (sec)
30.0

¢(t) (m)

Fig. 7. Time histories of motions after instantaneous re-
leases from the initial displacements of+ 1.0 m: (a)
sway: (b) heave.
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. 10. Time histories of motions calculated from the
time domain analysis under a regular wave (H=2.
0 m. T=60 scc, y=90°): (a) sway; (b) heave: (c)
roll.
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Fig. 11. Time histories of wave profile and 6 d.o.f. motions
under the 3-D combination of irregular waves and
steady current.
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Fig. 12. Time histories of mooring tensions under the 3-
D combination of irregular waves and steady cur-
rent.
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