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Abstract

This paper utilizes computational asymptotic analysis to compute the boundary layer solution for composite beams and validates the
findings through a comparison with ANSYS results. The boundary layer solution, presented as a sum of the interior solution and pure
boundary layer effects, necessitates a mathematically rigorous formalization for both interior and boundary layer aspects. Computational
asymptotic analysis emerges as a robust technique for addressing such problems. However, the challenge lies in connecting the boundary layer
and interior solutions. In this study, we systematically separate the principles of virtual work and the principles of Saint-Venant to tackle
internal and boundary layer issues. The boundary layer solution is articulated by calculating the Papkovich-Fadle eigenfunctions, representing
them as linear combinations of real and imaginary vectors. To address warping functions in the interior solutions, we employed a least squares
method. The computed solutions exhibit excellent agreement with 2D finite element analysis results, both quantitatively and qualitatively. This
validates the effectiveness and accuracy of the proposed approach in capturing the behavior of composite beams.
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Table 2 Material properties

Type Material properties

Isotropic F=1 GPa, v=0.3

Transversely

FE=1 GPa, v=0.3, G=1 MPa

Isotropic
Laminated E, =172.4GPa, E,=6.9GPa, v, , =v;,;=0.3,
Composite Grp=3. 4oGPa, G =1.38GPa
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Table 3 First six eigenvalues for the isotropic material

Mode Eigenvalues
Symmetric Anti-symmetric
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