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Nonlinear Motion Responses of a Moored Ship beside Quay
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ABSTRACT: When a typoon gets into harbour, a moored ship shows erratic motions and even mooring line failure may occur. Such troubles may
be caused by harbour resonance phenomena, resulting in large motion amplitudes at low frequency, which is close to the natural frequency of the
moored ship. The nonlinear motions of a ship moored to quay are simulated under external forces due to wave, current including mooring forces in
time domain. The forces due to waves are obtained from source and dipole distribution method in the frequency domain. The current forces are
calculated by using slow motion maneuvering equation in the horizontal plane. The wind forces are calculated from the empirical formula of ABS

and the mooring forces of ropes and fenders are modeled as linear spring.
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Table 1 Main paticulars of LNG carrier

Ship LNG
L(m) 249
B(1m) 4,

T(m) 4.338

v () 31369.5

Ay(r) 7976
Longitudinal wind area(rn’) 8840,
Transeverse wind area(n) 1947

Center of buoyancy(m)

(6.748, 0.0, -2.053)

Center of gravity(m)

(6.748, 0.0, 12.47)

k()

0.35B

Kyy(m), ke

(1)

0.25L

Table 2 Characteristics of mooring ropes

mlj;fer Ci (m) G (m) C(m) cos @ cos @ cos @ k(ton/m)
1 13027 00 13.08 06124 06124 -05 100
2 13027 00 13.08 00 0866 -05 100
3 50. 2095 13.08 -0.6124 0.6124 -05 100
4 -50. 2095 13.08 06124 06124 -05 100
5 1190 00 1308 00 08660 -05 100
6 1190 00 13.08 -0.6124 06124 -05 100
7 1050 35 1308 00 0866 05 100
8 00 209 1308 00 -086 -05 100
9 1050 -35 1308 00 086 -05 100

Table 3 Characteristics of mooring ropes

ni;ir G (m) G (m) Cs (m) cos @ cos @, cos @ f(:)ar?;ri E)arf;rj
1 13027 0.0 508 06124 06124 -05 100 300
2 13027 0.0 5.08 00 0866 -05 100 300
3 50. 2095 5.08 -0.6124 06124 -05 100 300
4 50, 2095 5.08 06124 06124 05 100 300
5 -119. 0.0 5.08 00 0866 05 100 300
6 -119. 0.0 508 -06124 06124 -05 100 300
7 105. -35 5.08 00 -0866 -05 100 300
8 00 -2095 508 0.0 -0866 -05 100 300
9 1050 35 5.08 00 -0866 -05 200 600
10 13027 00 508 0814 0292 -05 200 600
11 <105, 35 508 -0814 02962 -05 200 600

Table 4 Characteristics of fenders

:z;(::; C (m) G (m) G (M) cos @ cos @ cos @ tcoar?jri :)ajjrj
1 70. 27. 5.5 0 1. 0 300 500
2 0. 27. 5.5 0 1 0 300 500
3 -70. 27. 5.5 0 1 0 300 500

e

Fig. 3 Mooring arrangements for LNG carrier
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