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Three dimensional analysis of temperature-dependent nonlinear mechanical
behaviors of functionally graded rectangular plates resting on Winkler—
Pasternak elastic foundation
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The temperature-dependent nonlinear mechanical behaviors of functionally graded rectangular plates in
Received 31 December 2017 the thickness direction resting on Winkler—Pasternak elastic foundation are investigated using the three-
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dimensional theory of elasticity. The material properties are temperature-dependent and varied in the
thickness direction based on a power-law. Considering the nonlinear Green-Lagrange strain relation, the
geometric nonlinearity is taken into account. After obtaining the potential strain, kinetic energies, taking
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Keywords:

Fuactionally graded plate into account the effects of the temperature and the elastic foundation, the Hamilton’s principle is used to
Non-linear mechanical behaviors derive the nonlinear three-dimensional governing equations and corresponding boundary conditions. To
3D theory of elasticity solve the nonlinear free vibration problem, first, the generalized differential quadrature (GDQ) method

Numerical solution procedure is used to discretize the nonlinear coupled governing equations in the space domain. Then, the obtained

equations are converted to the time-dependent ordinary differential equations using the numerical-based
Galerkin scheme and the time periodic discretization (TPD) are used to discretize them in the time
domain. Finally, the arc-length method is employed to find the frequency-response of system. Also, to
solve the nonlinear bending problem, by neglecting the effect of inertia and using the arc length
algorithm, the maximum deflection versus the applied load is obtained. The effects of different
parameters such as length-to-thickness ratio, Winkler-Pasternak elastic foundation coefficients, uniform
and linear temperature rises and volume fraction index on the frequency response and maximum
deflection of functionally graded plates with various edge conditions are studied.
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Table 1 Temperature-dependent coefficients of Young’s modulus

E (Pa), Poisson’s ratio v, thermal expansion coefficient a (1/K), mass

density p(kg/m?)
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elastic foundation
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Table 2 Convergence test of natural frequency
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P (26] a2

" 7 11 13 R
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2 3.5605  3.5592 35588 35586 33586

adbo 550 Il b (Rem (ompe 35 (ol lS 3 2l aalie 3 Jgar
Table 3 Comparison of the natural frequency parameter of simply
supported square homogenous plate

CPT [27] FSDT [27] TSDT [27] o> 5

0.0963 0.0930 0.0935 0.0932
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Table 4 Comparisons of natural frequencies for CCCC and CSCS

SizN,/SUS304 FG square plates subjected to uniform temperature rise
(a/h =10,k = 2,T, = 300K).
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dayl, 5l 590 0 )lats 0 300
. s
S 230 I =) I 3 | I ) R P
ol
I 417 411 412 372 366 3.60
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794 789 785 730 725 7.14
[22] ol )5 [22] ol 8
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6.21 6.20 5.56 545
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Table S Comparisons non-dimensional fundamental natural frequency

for SSSS boundary Al,0; isotropic square plate corresponding to
different Winkler—Pasternak elastic foundations

a'h
Kw.Kg 1000 5
(28] s (28] 2l 5
0,0 19.74 19.74 17.51 17.54
le2,lel 26.21 26.21 2431 24.34
le3,le2 57.99 57.60 56,04 56.10
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Table 6 Comparisons non-dimensional fundamental frequency and
dimensionless deflection Al/Al, 05 FG square plate with two
dimensional FSDT
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o ‘ 1 10
St sl 8 [29] % el 5 [29] %
4 0.728 0.729 0.08 1.409 1319 644
a’h 10 ol 0589 0589 0 1.031 0996 337
100 0.563 0563 0 0959 0936 245
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Table 7 Comparison of variations of linear and nonlinear frequencies
by changing the volume fraction index (n = 10,K,, = K, = 0,AT = 0)

. N e P e
3o . o
b bt (%) s 2
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k=02 0.527 0.79024 3331
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Fig. 3 Nonlinear frequency response curves for various values of K,
for Al/Al, 04 FG rectangular plate (k = 0.8,K; = 0,7 = 12,AT = 0)
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Fig. 4 Nonlinear frequency response curves of Al/Al,0; FG
rectangular plate for various values of K, (k = 0.8,K,, = 0,n =

12,AT = 0)
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Fig. 2 Nonlinear frequency response curves for various values of
length-to-thickness ratios 1, AVALO; FG rectangular plate
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Fig. 7 Linear and nonlinear deflection curves of Al/Al,04 FG
rectangular plate for various volume fraction indexes (a = b =
10h, K, = K; = 0,AT =0)
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Fig. 8 Comparison nonlinear bending curves for temperature-dependent
and independent materials of Si;N, /SUS304 FG square plates at
uniform rise temperature (K, = K; = 0,a = b = 10h, T, = 300K)
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Fig. 5 Nonlinear frequency response curves for various volume fraction
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Fig. 6 Effect of various uniform temperature rises on the nonlinear
frequency response curves of Si;N,/SUS304 FG square plates
(k = 2,71 =12,T, = 300K)
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Fig. 9 Comparison of uniform and linear temperature rises on the
linear and nonlinear frequency response curves of Si;N,/SUS304 FG
square plates for temperature-dependent and independent materials
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