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Abstract 

Based on the first-order shear deformation theory, this study investigated the effect of 

shear deformation on the contribution rates of normal and shear strain energies to the natural 

frequencies of functionally graded beams. This is a new analytical method to investigate the 

effect of shear deformation, and the analytical technique can more accurately evaluate the 

effect of shear deformation compared with those using the frequency ratio. The coupled 

axial-bending vibrations are considered, and the material properties of the structure are 

continuously varied according to power law distribution along the height of the cross section. 

Under these assumptions, the contribution rates of the related strain energies are predicted 

from the relationship between the maximum strain and kinetic energies. The shape function 

of the displacement required in the computation of the contribution rate is deduced by an 

exact transfer matrix method, and the developed method is used to obtain the exact eigenpairs 

and shape functions. The effect of shear deformation is examined for various boundary 

conditions, length-to-height ratios, and variations in the power law index. Therefore, the 

length-to-height ratios capable of ignoring these shear effects are analyzed for the first four 

bending-dominated frequencies of the functionally graded beams. The accuracy of the 

developed transfer matrix method is demonstrated via comparison with the results discussed 

in previous works; further, we successfully calculated the contribution rate. In addition, the 

axial-bending displacements coupled by the use of functionally graded materials are 

investigated to ascertain the reason for the decoupling phenomenon in homogeneous beams. 
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