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Abstract. Functionally Graded Materials (FGMs) are advanced composites characterized by a
continuous variation of material properties, offering enhanced mechanical performance under complex
loading conditions. This paper presents a mechanical analysis of cantilever functionally graded beams
subjected to a second-order polynomial transverse load. The material gradation is modeled through an
exponential variation of Young’s modulus across the beam thickness, reflecting the non-homogeneous
nature of the structure. An elasticity-based formulation is developed using the Airy stress function,
expressed as a fourth-order polynomial in the longitudinal coordinate under plane stress conditions.
By solving the governing equations and applying the relevant boundary conditions, closed-form
expressions for stress components and transverse deflection are obtained. The results demonstrate the
accuracy and effectiveness of the proposed approach in capturing the influence of material gradation
on the mechanical response of beams subjected to higher-order loading, highlighting its potential for
advanced structural analysis and design.
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