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" In fatigue assessment of ship structural member based on fatigue-crack propagation
(FCP) analyses, it is important to simulate the retardation and acceleration of crack
propagation under random loading. It is needed to develop a loading sequence
generation method which can emulate the load sequence experienced by ocean-going
ships. Tomita et al. (1995} proposed the lst generation (1G)} ‘storm model’. They
classified sea state into either c¢alm sea or storm. Calm seas are modeled as
time-independent random individual waveforms, while storms as crescendo-decrescendo
amplitude individual waveforms. Kawabe (2002) proposed a modified (the 2nd
generation, 2G) storm model, which is based on short sea sequences, and made it
possible to be coupled with sea keeping analysis. Osawa et al. (2006) reported that the
.preciseness of FCP analysis based on storm model can be improved when the storm
profiles is switched in response to the change of sea area and season. Howe;rer, storm
profiles of 1G and 2G models were configured in trial and errer manner, and it is
difficultl\ to configure storms for numerous sea areas. Neither 1G nor 2G models can
take into account the variation of storm duration. In 1G and 2G models, the storm
configuration procedures were developed only for cases where the source wave data
were observed every 2 hours. It is needed to develop a new storm model which can
overcome these problems.

The dissertation is divided into six chapters:

Chapter 1 introduces a brief review of research history of wave model. The state of
the art of storm model development is described, and it is shown that conventional
storm models still have rooms for improvement. They are’ a) it is difficult to configure
storm profiles for numerous sea areas in trial and error manner; b) effect of the
variation in -storm duration on the accuracy of FCP analysis is not examined; ¢)
conventional models can be applied only to the cases where North Pacific Ocean's GWS
data is used as the source oceanographic data. '

Chapter 2 discusses about oceanography data sources. The brief review of
oceanography data available {buoy data, onboard measurement, hind-cast, ete.} is
presented. Wave sequences of various data are examined, and JWA(Japan Weather
Association)'s hind-cast data is chosen as the source data. From this déta, wave
histories (significant wave height Hw and mean pericd Tw) are generated, and wave
scatter diagrams are determined. The long-term exceedance probability of significaﬁt
wave height P(Hw) is determined from this diagram by performing Weibull fitting using
mid-to-high wave data.

Chapter 3 describes the development of fully-automated 2G storm {constant storm
duration) profile configuration system. Only discrete values.of Hw in 1m steps are
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considered. It is assumed that waves twice higher than overall mean (Hwmean) does not
occurs in calm seas. Storms are classified according to the maximum Hw in it. The
crescendo-decrescendo amplitude Hw waveform of storm is determined so that the
frequent distribution of Hw in each storm is similar to the tail of P{Hw). A formula
which can resolve the incompatibility in short sea numbers caused by round-off error is
developed. This makes it possible to develop a fully automated storm profile
determination system. The effectiveness of the developed system is demonstrated by
comparing Hw sequence emulated by the automatically configured 2G storm model and
those of the source data.

Chapter 4 describes the development of a storm model which can emulate the
variation of storm duration (the 3rd generation, 3G storm model). The statistical
nature of storm duration in is examined by analyzing wave sequence of the source
hind-cast data. It is found that there is not much correlation between storm duration
and the maximum Hw in each storm, and the duration obeys normal distributions. The
storm profiles of‘ a 3G model is determined by expanding or contracting the time axis of
2G storm's waveforms. The applicability of the developed sterm profile determination
method for various observation periods is examined. It is found that the storm wave
sequences for different observation period have about the same waveforms while the
maximum Hw becomes higher with the decrease in the observation period. This means
that the proposed method can generate almost equivalent wave histories from data with
different observation period.

Chapter 5 describes numerical examples of FCP analyses based on the developed
storm models. FCP analyses of a surface crack in a weld of a bulk carrier are carried
out by using 2G and 3G storm models and two propagation laws: modified Paris-Elber
rule and FASTRAN II program. As results, followings are found: the stochastic
characteristics-of wave induced load -which is experienced by a ship sails on North
Pacific and North Atlantic Oceans can be emulated by the developed storm models: b)
fatigue crack propagation lives estimated by using 2G and 3G storm models have
almost the same accuracy under the condition chosen; ¢) the fatigue crack propagation
lives estimated by using the developed storm models becomes shorter with the decrease
in the observation period of the source oceanographir data.

In Chapter 6, conclusions with a summary of the main findings and-an outlook on

possible improvements and future tasks are proposed.
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