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Numerical simulation of moored ship motions with different mixed

wave representation methods
SUN PengdeI , HUANG Fan', YANG Jue', WANG Fei', ZHENG Zhenjun”, MA Xiaozhou®
(1. China Nuclear Power Technology Research Institute Co., Ltd., Shenzhen 518000, China;
2. School of Marine Technology and Equipment, Hainan University, Haikou 570228, China;

3. The State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)
Abstract: To address the inaccuracy in predicting the motion responses of moored ships caused by the traditional
overall wave representation method, which neglects the bimodal spectral characteristics of mixed waves, this study
investigates the motion response characteristics of moored ships based on the multimodal wave representation
method. Numerical simulations are performed, with field-measured wave data from Chancay Bay, Peru, as input.
Three representative mixed wave spectra are reconstructed to systematically analyze the differences in the
simulated results of moored ship response characteristics between the overall and the multimodal wave
representation method. The results indicate that the overall method oversimplifies wave energy distribution. In
conditions dominated by short waves, this approach artificially concentrates wave energy, resulting in an
overestimation of the calculated motion response. Conversely, in scenarios involving long-period swells, the
multimodal wave representation method can accurately isolate the long-wave components causing low-frequency
resonance of the moored ship, effectively avoiding underestimation risks. The multimodal wave representation
method can more accurately capture the hydrodynamic impact of mixed waves on mooring systems. Thus, it is
recommended to replace the traditional overall representation method with it in engineering designs for complex

sea states to enhance safety margins.
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Fig.1 Location of the studied sea area and wave observation points
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Fig. 2 Bimodal wave spectrum and wave parameters obtained by two representation methods
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Tab.2 Incident wave parameters

N L AR AR

T Hg ,/m Tp /s Dy, /(°) Hg ,/m Tp,/s Dy, /(°) Hg/m Tpls Dy/(°)
A-1 0. 65 12.5 218 0. 82 5.9 203 - - -
A-2 - - - - - - 1.05 12.5 209
B-1 1.07 14.3 230 1. 00 7.7 187 - - -
B-2 - - - - - - 1. 46 14.3 211
C-1 0.73 11.1 234 1. 06 7.7 193 - - -
C-2 - - - - - - 1.28 7.7 207
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Fig. 6 Extreme value distribution of six-degree-of-freedom
motions of moored ship under Working Condition 1
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Fig. 8 Extreme value distribution of six-degree-of-freedom
motions of moored ship under Working Condition 2
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