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Abstract of Thesis

Ultimate longitudinal hull girder strength is the most fundamental strength to ensure the structural safety
of ships. Not only a peak strength but also a post-ultimate behavior and collapse extent need to be evaluated to
assess the risk of failure. After reaching the ultimate strength, the capacity of hull girder decreases because of
buckling of structural elements, and inertia force is taking a supporting role to satisfy the equilibrium condition.
Another important aspect of hull girder collapse in waves is a fluid-structure interaction (FSI). The hull girder
collapse is, therefore, essentially a dynamic behavior and needs to consider nonlinear structural behavior and
FSI. Such behavior can be called hydro-elastoplastic response.

In this study, a simplified method named FE-smith method is developed to analyze the hydro-elastoplastic
response of a ship hull girder. The Smith method which is employed for the progressive collapse analysis of hull
girder cross sections is coupled with the beam finite element with consideration of FSI. The validation is made
through a comparison with the analysis employing 3D-shell FE model. Parametric studies are performed to
investigate the effect of dynamic and hydrodynamic parameters on the collapse behavior.

In Chapter 1, the background and objective of this study are described.

In Chapter 2, the theory and methodology underlying the proposed FE-smith method are presented. The
average stress-average strain relationship of structural elements used in Smith method is transformed to the
average stress-average plastic strain relationship and introduced in beam element as a pseudo strain
hardening/softening effect. The nonlinear stiffness equation for a whole ship can be derived in the standard FE
approach. Two types of average stress-average strain relationship are adopted, using those obtained by rule
formula and by nonlinear FEM. It has been confirmed from the comparison of results that the FE-smith method
can capture the essential collapse behavior of hull girder cross section in shorter time with reasonable accuracy.

In Chapter 3, the hydro-elastoplastic beam model is developed. The FE-smith method is extended to the
dynamic collapse analysis considering the hydro-static/dynamic forces which are the function of hull girder
motions and deformation. By applying impulsive bending loads, dynamic collapse behavior of a uniform beam
model is analyzed. Reasonable collapse behavior can be obtained by FE-smith method with much shorter
computation time. It has been found that the shorter the load duration, the smaller the collapse extent even
when the maximum applied load is the same.

In Chapter 4, the validation of the proposed hydro-elastoplastic beam model is performed by the comparison
with nonlinear FE analysis. A 5,250 TEU container ship is taken as a subject ship. In the FE analysis, 3D-shell
model is used for the collapsing midship part and beam model for the rest part. Assumed load distributions are
applied in an impulsive manner instead of real wave loads. It has been found that FE-smith method that
employs the average stress-average strain curves obtained by nonlinear FEM can provide more reasonable
prediction of the collapse behavior than those by rule formula, together with its limitation in the application
arising from the assumption of a plane cross section for beam element and idealized elastic unloading behavior.

In Chapter 5, the parametric dependency of hull girder collapse is investigated. The effect of applied load
duration, added mass and fluid damping on the collapse behavior and extent is investigated. Damping effect
generally reduces the collapse extent. The added mass has more complicated effects on the collapse extent, as it
is related both to the reactions against accelerated hull girder deformation and to the natural vibrations that
affects the bending moment history exerted at cross sections.

In Chapter 6, conclusions of main findings are drawn and suggestions for future work are described.
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