Journal of Structural and Construction Engineering, 9(4), 2022, pp. 203-220

Journal of Structural and
Construction Engineering

Construction Engineering

it g Ja—pala g s

L9 0L Sigo WWW.jSce.ir

Journal of Structural and

Vibration of functionally graded elliptical plates resting on Winkler-type elastic
foundation subjected to initial in-plane loading

Mehdi Hosseini'*, Hasan Ghiasvand?

1- Assistant Professor, Department of mechanical engineering, Malayer University, Malayer, Iran.
2- MSc Graduate, Department of Mechanical Engineering, Malayer University, Malayer, Iran

ABSTRACT

In this paper, the free vibration behavior of functionally graded thin
elliptical plates with simply supported and clamped boundary conditions
is investigated using classical laminated plate theory. In contrast to
previous studies, the geometry of the plate is considered to be as elliptical
and in a more general form as super elliptical. Also, it is assumed that the
considered plate is subjected to boundary in-plane preload and is rested
on Winkler-type elastic foundation. It is assumed that the mechanical
properties of the functionally graded plate vary continuously through the
thickness according to a power law of the volume fraction of the
constituents. The governing equations of motions are derived by
employing the variational approach. The obtained equations are solved
using Ritz method. In addition to the analytical modeling, for comparison,
the problem is also modeled and analyzed numerically by using finite
element software Abaqus. Correctness and accuracy of the present
analytical model is confirmed through comparing the present analytical
results by the results existed in the literature and by the present numerical
results. After that, doing parametric study, the effects of some important
parameters such as the boundary conditions, the in-plane forces, the plate
geometry and the power-law index on the vibration behavior of the plate
are studied and discussed. The results presented in this research are of
great importance in design and application of the functionally graded
elliptical plates.
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4888 6.277 8.616 10.749

4888 6.273 8.613 10.741

4874 6.264 8609 10.739 10
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370 467 639 8638 3

373 471 622 88l 4

372 470 622 810 5

372 470 619 813 6 -05|Ng]|
372 468 619 794 7

3728 4673 6.186 7.934 8

3723 4669 6.184 7.924 9

3.722 4662 6.181 7924 10
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alb  Present FEM  Ref[15] Ref.[14]
1 49447 49363 49405 4.935

15 3.6913 3.6808 3.6871  3.681
2 33218 3.3042 3.3144  3.303
3 3.0386 3.0094 3.0352 3.009

P’ il geys il polio g yoo s o o ‘p=0,1 &l & oolw Gblfd.&a byl ol o FGM2 d)smdwwﬁ»\a&g‘ 0 Jogus

% error
p ab Present Abaqus Ref. [15]

Present and Abaqus  Present and Ref. [15]

1 8.8634 8.8483 8.8561 0.17 0.08
2 59544 59228 5.9412 0.53 0.22
3 54468 5.3944 5.4407 0.96 0.11
4 51919 5.1449 5.2223 0.9 0.58
0 5 50332 5.0112 5.1054 0.43 1.43
7 48551 4.8572 4.9940 0.04 2.86
1 81470 8.3927 7.9448 3.01 2.48
2 54335 56115 5.3299 2.52 2.62
3 50070 5.1060  4.8809 1.97 2.52
4 47727  4.8697 4.6849 2.03 1.84
1 5 46268 47315  4.5801 2.26 1.01
7 44631 46018  4.4801 3.10 0.38

3550 3l gass Ao 3lio s P=0 (g1l 4 510 505 (BB 4T Ll pd i FGM2 359 a2 (oS 8 o (gl 3 Jguxr

alb P Ab Ref. [14 % error
resent aqus ef. [14] Present and Abaqus  Present and Ref. [14]
1 4.157 4.147 4.141 0.22 0.4
15 7.021 7.007 6.944 0.19 1.1
2 11.102  11.023 11.100 0.65 0.02
25 16510 16.422 16.480 0.55 0.17
2.75 19.810 19.731 19.611 0.37 1.05
3 23.231  22.997 23.032 1.00 0.87
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Simply supported Clamped
ab n=1 n=2 n=5 n=10 n=1 n=2 n=5 n=10
6.38 6.11 6.32 6.38 1357 1182 11.65 11.65
428 394 397 400 9.05 8.08 7.96 7.96
392 357 355 356 831 7.63 7.51 7.51

3.73 344 340 341 8.02 7.49 7.38 7.39
362 337 333 333 7.87 7.42 7.43 7.33
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