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Abstract of Thesis

High-frequency wave—induced vibrations can be broadly categorized into whipping and springing. While
the hull girder transient vibration after slamming is known as whipping and can influence the hull
girder safety, steady—state resonance vibration due to higher—order wave components is known as springing
and can also cause accumulation of fatigue damage over the years. Therefore, from these concerns
consideration of these wave—induced vibrations in the hull girder design is very important. In this
thesis, the effect of whipping and springing on structural strength is studied thoroughly with the help
of Computational Fluid Dynamics (CFD)- Finite Element Method (FEM) coupling. In Chapter 1, the background
of this problem statement is elaborated with current research objectives.

In Chapter 2, an in—house coupling method between CFD and FEM for a floating body is detailed for one-
way and two—way coupling schemes. In the two-way coupling, the hydrodynamic pressure distribution derived
from CFD, is mapped onto the FE model to calculate structural response and the calculated structural
deformation is fed back to CFD. Overset mesh approach is used to stabilize the CFD solver during the
morphing process. However, the deformation of the structure is not considered in load calculation in
one-way coupling. The accuracy and effectiveness of these two schemes are discussed as well.

In Chapter 3, the validity of the aforementioned coupling method is shown in comparison with experimental
results. A simple flexible barge has been chosen as a test subject. First, rigid body motions are
validated for frequency response functions together with time series comparisons. Since the added mass
effect for flexible deformation is automatically considered in the two-way coupling, a numerical
hammering test is performed to know the wet natural frequency of the structure. It is found that the
one—way coupling can give a good estimate of the wave—induced vibrations when the mass is artificially
increased to account for the added mass effect. Later, the time series of the vertical bending moment
(VBM) including the whipping and springing effects are compared between the simulation and the experiment.
In Chapter 4, the utilization of a Reduced Order Model (ROM) is discussed, which will be used further
to study the effect of wave—induced vibrations on shipload. A correction factor is introduced to adjust
the difference between ROM prediction and CFD-FEM result. Components related to Froude—Krylov, whipping,
and springing are modeled separately and superimposed for calculating total VBM. The developed ROM is
used with First Order Reliability Method (FORM) to design a Maximum Probable Wave Episode (MPWE), which
is considered as an input wave field

In Chapter 5, the proposed ROM is validated against the experimental results for an extreme value
distribution of VBM in a flexible ship. The probability of exceedance at various target VBM including
the high frequency components is compared between ROM and experiment. The effectiveness of the current
ROM in capturing complicated behaviors like a consecutive bow and stern slamming is discussed. The
effect of the inclusion of springing ROM in extreme value distribution is also discussed herein.

In Chapter 6, coupling schemes between CFD and FEM has been further chosen to analyze and understand
the effect of direct coupling in the ultimate strength assessment of a hull girder under extreme wave
condition. The obtained collapse behaviors from one-way and two—way couplings are compared and discussed
on global and local scales.

In Chapter 7, the conclusion of the current study is discussed with suggestions for future work.
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%5 6 T CITBHR SNz CPD-FEM Bk S 2 = b— 3 3 U MR AERENENT @ LT\ 5. HEEMRAT IZBIFEE
FRNFEIZHL > TV D . RGBT OB % ¥ = VB L PRI L) SIS ET L L, D ORI E R TE
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