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Study on advanced evaluation methods of fatigue strength for welded structures of LNG carriers and
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Fatigue strength assessment of welded joints is important for structure design of liquefied natural gas (LNG)
carriers and LNG fuel ships, since fatigue strength assessment is one of the basis of high reliability of ship structures
and tank structures. Fatigue strength of welded joints is influenced by many factors, e.g. geometry, mean stress,
material properties. Almost the guides, the recommendations, the standards consider these effects. However, there
are cases when design S-N curve gives un-conservative or over-conservative assessment. To achieve more reliability
assessment on fatigue strength of welded joints, more adequate evaluation models for many effects on fatigue
strength of welded joints are needed. Main objective of this study is proposing an estimation model of fatigue life for
welded joints, which can be comprehensively considered the geometric effect, the material properties effect, and the
mean stress effect. In addition, simplified engineering estimation methods for the thickness effect on fatigue strength
of aluminum welded joints and the geometric effect on fatigue strength of welded joints are proposed. The present
study consist of six chapters.

Chapter 1 gives a review of literature on many effects of fatigue strength for welded joints. There exists literature
on investigation of each effect, which are mean stress effect, material properties effect, thickness effect, for fatigue
strength of welded joints. However, to the best of the author’s knowledge, no reports have comprehensively
considered these effects on assessment of fatigue strength. The thickness effect of fatigue strength for welded
aluminum joints based on hot spot stress (HSS) is not sufficiently clarified. To appropriately assess fatigue strength
by the HSS approach for welded aluminum joints, further studies for the thickness effect are needed. The geometric
effect, which include thickness and bead profile effect, is not clear quantitatively, even for typical joint types made
by steel.

Chapter 2 presents the proposed HSS design S-N curve, which include the thickness effect, for aluminum welded
joints. The proposed design S-N curve is based on experimental data. Additionally, the validity of the proposed HSS
design S-N curve was evaluated by comparing the fatigue test data of welded joint specimens and large scale model.

Chapter 3 presents the proposed estimation model for the geometric effect, which includes the thickness effect and
bead profile effect, on fatigue strength of welded joints. The proposed model is based on the relative stress gradient
and the stress concentration factor at weld toe. The validity of the proposed method was tested by comparing it with
fatigue test data reported in the literatures.

Chapter 4 presents the proposed fatigue life prediction method of welded joints, which is considered the geometric
effect, difference of cyclic stress-strain properties between parent material, heat affected zone, and weld metal, and
the mean stress effect by welding residual stress and applied stress. The proposed fatigue life prediction method for
welded joints can successfully predict the fatigue life of 9% Ni steel butt welded joints.

Chapter 5 presents fatigue behavior and fatigue life of 9 % Ni steel cruciform welded joints. Fatigue life for 9 % Ni
steel cruciform welded joints was predicted using proposed fatigue life prediction method of welded joints in chapter
4. The predication results were in good agreement with experimental results, regardless main plate thickness and
bead profile.

Chapter 6 summarizes the conclusions as well as the contributions in this study.
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