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Numerical Study on Fracture Mechanics Parameters of Fatigue Cracks in Welded Joints under
Title Arbitrary Stress Distributions ((EERJISEHICH DEEMTR S ERHOBMEWEE /15 X ZFF
filits < B3 S HF5E)

Abstract of Thesis

This thesis is an initial attempt to evaluate mixed-mode fracture mechanics (FM) parameters of fatigue cracks
in welded joints considering arbitrary welding residual stress (RS) distributions. Fatigue strength of the welded
structures under the cyclic load is mostly affected by the welding RS. In service conditions, the structures are
subjected to multiaxial loading, and it is crucial to consider mixed-mode (MM) FM parameters. Despite the
necessity, the MM-FM analysis of cracks in welds has been merely studied due to its difficulty. Stress intensity
factors (SIFs) are the vital FM parameters to assess the fatigue lives of welded joints. The objective of this study
is to propose numerical methodologies for calculating the MM-SIFs of fatigue cracks in welds under arbitrary
RS distributions.

The thesis is composed of seven chapters, as follows.

Chapter 1 briefly gives a background on fatigue crack propagation of welded joints and fatigue life estimation

methods. The challenges, objectives, and structure of this thesis are also addressed in this chapter.

Chapter 2 reviews the methodologies employed in this study and the theoretical background. The focus is
given to the influence function method (IFM) and interaction integral method (IIM) as the proposed numerical

methodologies are based on these two methods.

Chapter 3 presents the development of numerical IFM (NIFM) which is to be used for evaluating MM-SIFs of
cracked bodies under multi-axial loadings. The verification of the developed NIFM is carried out by comparing
the MM-SIF solutions given by the NIFM and those obtained by the well-established analytical and numerical

reference solutions.

Chapter 4 demonstrates the applicability of the proposed NIFM to calculate MM-SIF's for as-welded and high-
frequency mechanical impact (HFMI)-treated welded joints. Numerical welding and HFMI analyses are
performed to estimate the RS distributions. Then, the MM-SIFs are evaluated for both as-welded and HFMI-
treated conditions. This application example reveals the necessity of MM-SIF's evaluation as the HFMI-induced

RS show multi-axial stress distributions.

Chapter 5 investigates the effect of welding RS on the fatigue life of surface-cracked T-butt welded joints. Two
different constant amplitude loadings were employed to calculate the range of SIFs and fatigue life by using the
Paris-Elber law. The welding RS is evaluated and included in estimating SIFs using NIFM-based calculation
system and fatigue life. The fatigue life of T-butt welded joints decreases by 25-30% when the welding RS is

considered.

Chapter 6 proposes the weld modification factor (u,) method based on the developed NIFM, to facilitate the
MM-SIF calculation of welded joints under arbitrary stress distribution. The formerly established works can
only be applied for calculating the SIFs under specific loading while the p, method is applicable for any
arbitrary loading. The proposed p; method is validated for remote tensile loading and also considering welding
RS. The adequate agreement between the solutions given by the proposed method and numerical calculations

shows the reliability and accuracy of the proposed method.

Chapter 7 summarizes the thesis and identifies the major contributions of this research work. Directions for

future work and possible extensions to this research are presented at the end of this chapter.
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