TN E N TITFNI-FI 2 N H

K4 (KE) Omar Taha Abdel Qader Tabaza (Jordan)

oo foE Wk (L)

FoAL R & oy W62

PRS- o A 2023423 H 19 H

PRG0N AR 4 55 1 44

A e s E H Computational Methods for Fracture
Parameter Evaluations in Finite
Element and Isogeometric Analyses for
Homogeneous and Functionally Graded
Materials
(H—t EEREEMFHCER TR EFRE
REBIRRTAVIAXA M) vy V@BFERV
TIRIENZINT A — FEHEE)

WX HRARAB (B4 #2 WH %
Hag RE iz EAE IR
o W Otk eI L S

%

XABRNEER

Accurate predictions of the residual lives of engineering structures are at most
importance. To estimate the lives of cracked strucfures, accurate crack parameter
evaluations are required. One important parameter is the energy releasé rate which
is related to the Stress Intensity Factors (SIFs). SIFs characterize the stress
field near the crack tip. The J-integral is a path independent integral that
evaluates the energy release rate at the crack tip. The interaction integral method
can be used to evaluate SIFs under mixed mode loading conditions. This dissertation
discusses newly developed methodologies for the evaluations of SIFs-using the J-
integral or the interaction integral methods, for cracks in homogenous or

functionally graded materials. The evaluations are curried out as post analysis
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computations. Finally, A crack propagation scheme for IGA is proposed.

This dissertation deals with two major analysis methods. They are, the Finite
Element Method (FEM), and the Isogeometric Analysis (IGA). First, utilizing FEM,
discussions on the interaction integral method for Functionally Graded Materials
(FGMs) are presented. Due to the spatial material property variation, various ways
to deal with the spatial change of elastic constants can be considered. Five ways
to set up the interaction integral that produces five formulations are discussed
Some of these formulations are discussed for the first time, making this work the
only comprehensive investigation on the interaction integral method for FGMs. The
tetrahedral finite elements are used for the model and crack generations. Some
numerical challenges arise due to; 1) adopting the domain integral that is based
on tetrahedral finite elements for FGMs and 2) the spatial material property change
in the vicinity of the crack front. These challenges are addressed, and ways to
overcome them are presented.

The second part of this work is a study of applying IGA to three—dimensional crack
problems; This work is believed to be the first to utilize a geometriéal
representation of the three-dimensional crack front using NURBS based models for
IGA analysis and SIF evaluations. Since IGA models are generated using B~
spline/NURBS, it allows for an exact representation of the generated three—
dimensional crack fronts. First, the singular patch method for two—dimensional IGA
crack analysis is adopted and extended to the three—dimensional problem.»A domain
integral method suitable for IGA is developed for the evaluations of the J—integral
and the interaction integral. In addition, an attempt to propose a crack
propagation analysis scheme is presented

Finally, conclusions and future recommendations are discussed.
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