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Understanding the Mechanism of Freak Waves and Establishing a New Breaking
Criterion in Multi-Directional Waves
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Offshore areas where ships frequently navigate are rich in ocean energy
resources and are essential for economic activities. For the further development of economic
activities, it is necessary to establish breaking wave criterion and methods for estimating maximum
wave forces in offshore multi-directional wave fields.

In this study, we experimentally obtained spatial waveforms of freak waves in bi-directional wave
groups, allowing for the validation of numerical models of freak waves in multi-directional wave
fields. Additionally, we developed a coupling model combining a potential calculation model, which
solves large-scale wave fields, and a particle method, which resolves non-linear breaking phenomena
in smaller regions. This approach reduces computational costs and enables the estimation of maximum
wave forces on three-dimensional structures.However, challenges remain in achieving bidirectional
coupling in multi-directional wave fields, which will be addressed in future research.
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