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Probabilistic Evaluation on the Free Vibration of Functionally Graded
Material Plates Using 3D Solution and Meta-Model Methods

N. Cheraghi, M. Miri*, and M. Rashki'
Department of Civil Engineering, Faculty of Engineering, University of Sistan and Baluchestan, Zahedan, Iran.

Abstract: This paper presents a probabilistic assessment on the free vibration analysis of functionally graded material plates,
including layers with magneto-electro-elastic properties, using the 3D solution and surrogate models. The plate is located on an
elastic foundation and the intra-layer slipping effect is also considered in the analysis by employing the generalized intra-layer
spring model. Due to the high computational cost of the 3D solution in calculating the free vibration frequency of the plate,
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surrogate models are used. The meta models including kriging method, radial fundamental function method and polynomial
response surface method are used to construct the surrogate model. For surrogate models training, the results of the three-
dimensional solving method are used. The elastic foundation hardness, the intra-layer slipping effect, the material properties
index, and the layer densities are considered as the variables with uncertainty. The three-dimensional solution method is
validated through a comparison with other available reference. The results obtained through the surrogate models have been
compared to those of the 3D solution formulation, showing a good agreement. The effects of some parameters including the
elastic foundation hardness, the intra-layer slipping effect, the density of each layer, and the material properties index on the
fundamental frequency of functionally graded material plates are investigated. By using three-dimensional solution method and
Kriging Surrogate Model, it is shown that the shear and transverse components of elastic foundation hardness and the density of
each layer have the greatest effect on the fundamental frequency of the functionally graded material plates.

Keywords: Free vibration, Functionally graded material, Three-dimensional Solution, surrogate models, Uncertainty,
Reliability analysis, Monte Carlo simulation.
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1. functionally graded material 5. response surface - high method
2. functionally graded magneto dimensional model 9. winkler- pasternak foundation
electro elastic representations 10. magneto electro elastic
3. functionally graded piezoelectric 6. kriging method 11. gauss’ laws
4. first- order shear deformation 7. radial basis function 12. weibull(3p)
theory 8. polynomial response surface
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