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Free vibration and buckling characteristics of four-sides compressed FGM
rectangular plates resting on Winkler-Pasternak foundation

TENG Zhao-chun, WANG Jun-lin

(School of Science, Lanzhou Univ. of Tech. , Lanzhou 730050, China)

Abstract: Based on the classical thin plate theory, a governing differential equation is derived by using the
generalized Hamilton principle and the equation is treated to dimensionless. The differential transformation
method (DTM) is then utilized to determine first three dimensionless natural frequencies and buckling
loads of the equation under different boundary conditions. The solution of the equation is reduced further
to two cases: functionally graded plate without foundation and common material plate with foundation.
The DTM solution is compared with the solution published in literature, and both results are consistent in-
dicating the applicability and accuracy of DTM. Finally, the effects of boundary conditions, gradient in-
dex, elastic stiffness coefficient of the foundation, shear stiffness coefficient as well as aspect ratio of the
foundation on the dimensionless natural frequency and critical buckling load of the FGM rectangular plate
are analyzed respectively. The results show that: under the boundary conditions studied, the stronger the
boundary constraint is, the larger the dimensionless natural frequency is; the increase of elastic stiffness
coefficient, shear stiffness coefficient as well as aspect ratio of the foundation will also lead to the increase of the
dimensionless natural frequency; the increase of in-plane pressure load may lead to the decrease of the dimension-
less natural frequency; the larger the aspect ratio, the smaller the critical buckling load; the larger the gradient in-
dex, the smaller the critical buckling load; the larger the gradient index, the smaller the critical buckling load.
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Tab.3 Comparison of critical buckling loads for homogeneous isotropic rectangular plates
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Fig. 3 Relationship between first three dimensionless natural frequencies of FGM square plates and dimensionless elastic
stiffness coefficient as boundary condition is different



« 170 - 47

e ?) 90 [+ Q, 10 [ + @
-~ 0 Re) o)
[ & Qz 70 —A Qz 90 e Qj
/ 50 o
SI //
L 30 e
e
n n n n Il 10 1 1 1 1 1 10 1 1 1 1 I 10
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
o o o 0
(a) CSCS (b) CSSS (c) SSCS (d) SSSS
4 FGM 3

Fig. 4 Relationship between first three dimensionless natural frequencies of FGM square plates and shear stiffness of

foundation as boundary condition is different
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