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Numerical Investigation of Thermo-Mechanical Buckling Capacity of Porous Bi-
Directional Functionally Graded Thin-Walled Box Beam-Columns under Multiple
Boundary Conditions Using the Chebyshev Series

R. Maghsoudi Department of Architectural Engineering, Ur. C., Islamic Azad University, Urmia, Iran

A. Ghodratizadeh Department of Civil Engineering, Sal. C., Islamic Azad University, Salmas, Iran

R. Jahangiri Department of Mechanical Engineering, Sal. C., Islamic Azad University, Salmas, Iran

V. Mirhaji Department of Civil Engineering, Sal. C., Islamic Azad University, Salmas, Iran
Abstract

In high-temperature engineering applications, ensuring the thermo-mechanical stability of structural components is of critical
importance. This study investigates the buckling behavior of thin-walled box columns made of porous bi-directional functionally
graded materials (FGMs). The thermo-mechanical properties, including Young’s modulus, Poisson’s ratio, thermal conductivity, and
coefficient of thermal expansion, are modeled using a power-law distribution along both the thickness and perimeter of the cross-
section. A steady-state nonlinear temperature field is first obtained analytically by solving the two-dimensional heat conduction
equation using the Chebyshev series method, under relevant thermal boundary conditions. The resulting thermal effects are then
incorporated into a nonlinear mechanical model, and the buckling problem is analyzed numerically using the finite element method
with advanced Lagrangian and Hermitian interpolation functions. Parametric studies reveal the significant influence of porosity,
material gradation, geometric ratios, thermal gradients, and boundary conditions on the critical buckling capacity. The results
provide valuable insights for the optimal design of FGM-based structures under combined thermal and mechanical loading.
Keywords Functionally Graded Materials (FGMs), Thermal Buckling, Thin-Walled Box Column, Porosity Distribution,
Chebyshev Analytical Method, Finite Element Analysis.
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