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This thesis examines the effect of transverse cracks on the natural frequencies
of Euler—Bernoulli functionally graded beams. Case studies are conducted to
evaluate the influence of the power-law index, crack depth, and crack location
under various boundary conditions, highlighting the superior performance of
bidirectional functionally graded (FG) beams compared with homogeneous
metallic and unidirectional FG beams. Metal and ceramic FG beams are
Résumé analyzed using the h-version Finite Element Method (h-FEM), in which the
stiffness reduction in cracked elements is modeled through local decreases in
cross-sectional area. Furthermore, a frequency-based damage indicator is
proposed for crack detection, and damage quantification is performed using an
Improved Artificial Neural Network optimized by the Arithmetic
Optimization Algorithm (IANN-AOA). The results demonstrate strong
potential for accurate prediction of structural damage.
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