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Overturning, Stability, and Strength of Rectangular Hulls
Used for Nonself-Navigating Work Vessels

Thesis Summary

This thesis reports a new approach based on mechanics to solve technical problems of
rectangular hulls used for nonself-navigating work vessels. The use of a pontoon dropping mud and
sand is expected to improve the work efficiency. The mechanism of overturning needs to be
clarified, but this has not yet been done. In addition, it is required to improve their safety in civil
engineering works on the water. Accidents related to the stability and strength of hulls still occur in
many construction sites mainly because safety judgements may not be always made on a
mechanistic basis. This study focuses on the overturning, stability, and strength of rectangular hulls,
and aims to clarify their various characteristics mechanically.

Chapter 1 summarizes the social background of this research and describes its purpose.

Chapter 2 deals with the analysis of the dynamics of an overturning earth-moving pontoon. The
pontoon overturns itself and drops mud and sand by shifting ballast water, which is stored inside to
balance the hull. In order to adopt a new construction method using this self-dumping pontoon, it is
necessary to clarify the mechanism and the conditions of its overturning. Numerical analysis based
on the pendulum theory was conducted to investigate the possibility of hull overturning under
various conditions. The validity of this analytical method was confirmed by the consistency
between experimental and analytical results.

In Chapter 3, an appropriate method for evaluating the stability of a rectangular hull as a floating
body is discussed. For self-navigating ships, the metacentric height is the most basic stability index.
The metacentric height of nonself-navigating work vessels with rectangular hulls is more than one
order of magnitude larger than that of ships, which may lead to an overestimation of the stability.
Thus, the righting moment rate was proposed as a new stability index for rectangular hulls. On
respective hulls of work vessels and ships, an adequate correlation between the righting moment
rate and the metacentric height was confirmed, and the validity of the new index was clarified.

Chapter 4 describes a simple and practically effective evaluation method for the hull strength of
reinforced knockdown pontoons. If the bending moment of the hull increases, the connection
couplers would be the first part to break, because the strength of the connection couplers of main
bodies is lower than that of the bodies. Accidents resulting from this breakage can be prevented by
evaluating the strength of the pontoon and reinforcing the necessary aspects. The strengths of two
types of load distribution models were evaluated and their effective reinforcing was discussed.

In Chapter 5, the conclusions of this study are presented, and future issues are further discussed.
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