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Abstract of Thesis:

Stress Intensity Factor and Crack propagation are of extreme importance in characterizing the failure in mechanical
parts containing cracks and subjected loading conditions. The modeling of crack propagation using traditional finite element
method is a difficult task and may require re-meshing which is a time consuming and not obvious.

A new concept termed Extended Finite Element Method (XFEM), where the singularities and geometric
discontinuities, are numerically represented through adding new terms to the shape functions. XFEM is used in the present
study along with a new technique which is Local Enrichment Technique (LET) to analyze crack propagation problems without
the need for re-meshing.

Stress intensity factors K; and K, were evaluated using XFEM and LET in 2-D and 3-D for both isotropic and
anisotropic materials. For isotropic materials first mode of K, is computed for single edge cracked, double edge cracked and
central cracked cases using Abaqus 6.13. The results were verified experimentally using carbon steel specimens with central
cracked and double edge cracks and there was excellent match with the results obtained from Abaqus 6.13.

In order to calculate the two modes of stress intensity factor K, and K; an oblique central cracked case studies with
(15°, 30°, 45°, 60°, 75°) were evaluated using Abaqus 6.13 and verified experimentally. The experimental results were found to
be of a very good agreement with the numerical results.

To study crack propagation in different crack sizes geometries and orientations, CCT, SECT, DECT and OCCT case
studies were solved numerically and verified experimentally. The OCCT cases have crack with angles (0°, 15° 30°, 45°, 60°,
75°).

In other hand, by use Matlab program the development of crack analysis of FGMs Plates with certain condition is
done by XFEM. XFEM is applied to use the T3-element, sub-triangle technique for the numerical integration, with proper
enrichment functions in the crack location has significantly increased the accuracy of the solution. The triangulation (element
and technique) substantially improves the accuracy of integration by increasing the order of DOFs/ Gauss quadrature. The use
of the interaction integral method with the mode of the incompatibility provides very accurate answers for the values of SIFs.

The use of XFEM and LET in FEM solution gave more accurate representation of the crack, which leads to more
accurate results in the calculation of K, and K}, and better estimation of the crack propagation.




