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Abstract

Based on the Halpin-Tsai micromechanical model, the closed-cell Gaussian random field theory, and
the rule of mixtures, the effective material properties of graphene nanoplate (GPL)-reinforced porous
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functionally graded material (FGM) plates were obtained, considering the uniform, X-shaped, and
0-shaped distributions of GPLs along the thickness direction and two types of gradient distributions
of porosity along the thickness direction. Subsequently, the equations of motion for porous GPL-
reinforced FGM circular plates were derived using the first-order shear deformation theory, the
Von-Karman deformation theory, and Hamilton’s principle, and these equations were nondimen-
sionalized. Finally, the equations of motion were discretized into a set of eigenvalue equations us-
ing the Karman time-averaging method and the differential quadrature method (DQM). The non-
linear free vibration frequencies were obtained through a direct iteration method. The accuracy
and validity of the calculations were verified by model degeneration and comparison with existing
literature. The effects of boundary conditions, GPL weight fraction, porosity, porosity distribution,
and GPL distribution on the nonlinear natural frequencies of porous GPL circular plates were dis-
cussed.
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Figure 1. Graphene-enhanced gradient plate model and distribution model
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Figure 2. Two modes of pore distribution
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Figure 3. Effect of GPL weight fraction on frequency at small amplitude (V, Distribution)
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Figure 6. The effect of amplitude on frequency
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Figure 8. The effect of V, distributed porosity on frequency
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