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Ultimate longitudinal bending strength of a ship’s hull girder is an essential input to the ship structural
design to ensure the safety of ships in extreme conditions. From the viewpoint of the risk-based design of ships,
however, not only the ultimate strength of a hull girder but also the consequence of the hull girder collapse, i.e.
how and to what degree the hull girder collapses in waves, needs to be evaluated, since the severity of the collapse
is associated with the loss of the ship, its cargo, human lives, etc.

Progressive collapse analysis to evaluate the ultimate bending strength of the hull girder considering the
buckling and yielding of structural elements is usually performed in a quasi-static manner by monotonously
increasing the curvature of a cross section. However, the actual path of the progressive collapse behavior is

followed neither by imposing forced displacement nor by imposing force. Instead, it can be followed only when the
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interaction between elastoplastic structural deformation and fluid forces is taken into account. The post-ultimate
strength capacity of the hull girder is also an important factor to evaluate such a consequence of the collapse.
The primary objective of the present study is to rationally assess the consequence of the ship’s hull girder

collapse in extreme wave loads. The dynamic collapse behavior of the hull girder in a large single wave is pursued
numerically and experimentally based on the box-shape ship. Some important parameters to predict the severity
of the collapse are specified based on the analytical solution. The severity of collapse of a bulk carrier in extreme
waves is predicted based on a generic ship. Most significant interests are focused on two points. One is the
interpretation of the numerical/experimental results by the analytical solution. The other is to clarify to what
extent the hull girder may collapse in an extreme wave at an exceedance probability of 1/1000 in short-term sea
states. Four sub-tasks are performed for achieving the objectives.

A hydro-elastoplasticity approach based on the strip theory to predicting the dynamic collapse behavior of the

ship’s hull girder in waves is proposed and validated by scaled model tank tests.

Parameters on which the severity of the collapse depends are clarified based on a box-shape ship.

Experimental investigations into the collapse behavior of a box-shape hull girder subjected to extreme

wave-induced loads are performed.

The quantitative evaluation on the severity of collapse of the bulk carrier in extreme waves is addressed by

utilizing the hydro-elastoplasticity approach.

The main conclusions obtained by numerical/experimental studies on the box-shape ship model can be
summarized as follows:
1) The numerical simulation method can predict the collapse behavior both qualitatively and quantitatively. The

method is validated against the tank tests using the box-shape scaled model.

=

2) Itis clarified that the hull girder rapidly collapses to extreme loads after the ultimate strength is reached. The

collapse is terminated when unloading starts at the collapsed section and the bending rigidity recovers.

=

3) The extent of collapse of the ship’s hull girder depends both on its load carrying capacity model and load model.

In particular, the reduction of the load carrying capacity after the ultimate strength and the slope after the

ultimate strength largely affect the collapse behavior. Given the same magnitude of the external loads, the

load with shorter time duration results in the smaller extent of collapse.

4) The above parametric dependences of the extent of collapse are clearly explained by the closed-form formula
derived from the analytical solution.
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They are also partly confirmed by the tank tests and small tank experiments under whipping loads. i.e.
different collapse behaviors can be attained by changing the moment-displacement relationships of the scaled
model. The smaller extent of collapse is observed for whipping loads induced by dropping a mass object.
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Cumulative collapse tests are performed in a series of focused waves with fixed amplitude. As for the
cumulative collapse, the increase rate of collapse is small at the beginning of the cycles. Then, it increases once
the collapse starts to enter the path having reduction of load carrying capacity. This tendency can be explained
by the closed-form formula, too.

The collapse behavior of a Capesize bulk carrier under an extreme wave in a severe short-term sea state is
investigated by using the numerical simulation. The bending moment-rotational angle relationships obtained by
using the program code, HULLST, which is based on the Smith’s method are employed. It has been shown that:
7) Given the same amplitude of the extreme wave, the extent of collapse is smaller for the hogging than for

sagging primarily due to the higher ultimate strength in hogging and the larger reduction of the capacity after

the ultimate strength in sagging, and secondarily due to the slower reduction rate of the capacity after the
ultimate strength in hogging.
8) These behaviors can be explained by employing the closed-form formula. On the other hand, the accuracy of

the analysis results in the large deformation range obtained by using the HULLST code is yet to be confirmed

since the Smith’s method employs a few assumptions including the Navier hypothesis of the cross-section, the
one-frame length of the model and the collapse pattern of the stiffened plates over the one frame. FE analysis
over a one hold length model should be employed for comparison, and then, the collapse pattern should be
checked in terms of the deflection and strain distributions in the large deformation range. This should be
further pursued in the future.
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