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Abstract of Thesis

This study proposes a robust and efficient framework for evaluating elastic-plastic fracture mechanics (EPFM)
parameters in three-dimensional (3D) crack geometries by employing the equivalent distributed stress (EDS)
concept in combination with a modified cohesive zone model (CZM). The method achieves computational efficiency
without compromising accuracy by constructing two-dimensional (2D) substitute crack models that replicate the
mechanical behavior of 3D cracks. EDSs are applied to the substitute models to ensure consistency in crack length
and stress intensity factor (SIF) between the original 3D geometry and its 2D representations. Validation is
performed through detailed finite element (FE) simulations, demonstrating good agreement between the
EDS-based method and full 3D analyses in terms of key EPFM parameters such as plastic zone size and crack tip
opening displacement (CTOD).

This dissertation is organized into six chapters, systematically presenting theoretical development, numerical
formulation, and verification of the EDS method for evaluating EPFM parameters in 3D cracked bodies.

Chapter 1 introduces the background and motivation of the study, reviews the historical development of fracture
mechanics, and outlines the limitations of existing EPFM methods. The research objectives are defined in the
context of extending the EDS framework to 3D crack problems.

Chapter 2 establishes theoretical groundwork by introducing key principles such as the superposition principle,
the weight function method, and the Dugdale CZM. The concept of EDS is formulated in detail, including the
explanation of three distinct loading methods within the EDS framework. The advantages and limitations of each
method are discussed. Additionally, this chapter introduces weight functions for 2D substitute crack models
(center-through and edge cracks), which are fundamental for constructing the EDS representation in 3D analysis.
Chapter 3 details the development of the EDS-based analysis method using the fictitious crack face loading
method. It outlines the procedures for determining the EDS distribution through spline interpolation and
generalized matrix inversion. A CZM formulated within the EDS framework is also introduced, and an integrated
EDS-based fracture mechanics analysis system is constructed.

Chapter 4 presents the validation of the proposed EDS-based EPFM analysis system for 3D cracks. A 3D
penny-shaped crack in an infinite plate under axisymmetric loading is selected as a verification case due to its
simple geometry and the availability of an analytical weight function. This chapter demonstrates the EDS
analysis procedures in detail and verifies its accuracy in estimating elastic-plastic COD profiles, as well as in
comparing key EPFM parameters—plastic zone size and CTOD—with existing analytical solutions.

Chapter 5 extends the EDS methodology to semi-elliptical surface cracks, which are commonly encountered in
engineering structural components. An idealized plastic zone model is adopted to establish consistent reference
crack length—SIF (a—K) relationships for the target 3D cracks. High-precision numerical integration is
incorporated into the open-source FE code WARP3D for accurate SIF evaluation. Based on FE simulations, this
chapter determines reference solutions and evaluates EDS distributions and corresponding EPFM parameters at
key locations along the crack front—specifically, the deepest and corner points—demonstrating the method’s
applicability to non-axisymmetric 3D crack geometries.

Chapter 6 summarizes the main contributions of the research, confirms the validity and advantages of the
proposed method, and discusses directions for future work, including the potential application of the EDS

framework to FCP analysis.
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