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Fig.3 The FG-GRC plate under in-plane loads
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Table 1 Material properties of FG-GRC plate
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Poisson’s ratio v =0. 36 verr = 0. 186
Density (kg/m®) om =1200 ocp., = 1060
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Table 2 Dimensionless critical buckling loads of simply
supported FG-GRC plate under uniaxial and biax-

ial compression

Load type Methods UD FG-O FG-X
TSDTM*  0.0152 0.0108 0.0191
Uniaxial )
FSDT! 0.0152 0.0107 0.0195
compression
present 0.0152 0.0108 0.0192
TSDTM? 0.0076 0. 0054 0. 0096
Biaxial )
FSDTL 0.0076 0.0053 0. 0097
compression
present 0.0076 0.0054 0.0096
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Table 3

Comparative analysis of critical buckling loads of

sandwich panels under short edge single compres-

sion
Core Experimental FEM Present
material (kN 7] (kN 27 (kND
Balsa 334 365 369
Foam 267 347 343
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Table 4 Dimensionless critical buckling loads and Ry of simply supported FG-GRC plate under uniaxial compression

GPLs 8crL
Method
type 0.0% 0.2% 0.4% 0.6% 0.8% 1.0% 1.2%
0.0058 0.0082 0.0105 0.0128 0.0152 0.0175

FSDT!™ 0.0035
(165.7%)  (234.3%)  (300.0%)  (365.7%)  (434.3%) (500.0%)

0.0058 0.0082 0.0105 0.0128 0.0152 0.0175
UD TSDTH?! 0.0035
(165.7%)  (234.3%)  (300.0%)  (365.7%)  (434.3%) (500.0%)

0. 00587 0.00821 0.01055 0.01289 0.01523 0.01757
I-TSDT 0.00352
(166.8%)  (233.2%)  (299.7%)  (366.2%)  (432.7%) (499.1%)

) 0. 0050 0.0064 0.0078 0.0093 0.0107 0.0121
FSDT!" 0.0035
(142.9%)  (182.9%)  (222.9%)  (265.7%)  (305.7%) (345.7%)

7 0. 0050 0. 0064 0.0079 0. 0093 0.0108 0.0122
FG-O TSDPT!?! 0.0035
(142.9%)  (182.9%)  (225.7%)  (265.7%)  (308.6%) (348.6%)

0. 00500 0.00645 0.00791 0.00936 0.01081 0.01226
I-TSDT 0.00352
(142.0%)  (183.2%)  (224.7%)  (265.9%)  (307.1%) (348.3%)

) 0.0067 0. 0099 0.0131 0.0163 0.0195 0.0227
FSDT!™ 0. 0035
(191.4%)  (282.9%)  (374.3%)  (465.7%)  (557.1%) (648.6%)

0.0067 0.0098 0.0129 0.0160 0.0191 0.0222
FG-X TSDTH?! 0.0035
(191.4%)  (280.0%)  (368.6%)  (457.1%)  (545.7%) (634.3%)

0.00669 0.00982 0.01294 0.01605 0.01916 0.02226
I-TSDT 0.00352
(190.1%)  (279.0%)  (367.6%)  (456.0%)  (544.3%) (632.4%)
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Table 5 Dimensionless critical buckling loads and Ry of simply supported FG-GRC plate under biaxial compression

GPLs LrL
Method
type 0.0% 0.2% 0.4% 0.6% 0.8% 1.0% 1.2%
) 0.0029 0.0041 0.0053 0.0064 0.0076 0.0088
FSDT! 0.0018
(161.1%)  (227.8%)  (294.4%)  (355.6%)  (422.2%) (488.9%)
0.0029 0.0041 0.0053 0.0064 0.0076 0.0088
UD TSDT! 0.0018
(161.1%)  (227.8%)  (294.4%)  (355.6%)  (422.2%) (488.9%)
0.00293 0.00410 0.00527 0.00644 0.00761 0.00878

I-TSDT 0.00176
(166.5%)  (233.0%)  (299.4%)  (365.9%)  (432.4%) (498.9%)




+ 220 - IE A Sy 2 2 4R 2024 45 45 %
) 0.0025 0.0032 0.0039 0.0046 0.0053 0.0061
FSDT!™ 0.0018
(138.9%)  (177.8%)  (216.7%)  (255.6%)  (294.4%) (338.9%)
0.0025 0.0032 0.0039 0.0047 0.0054 0.0061
FG-O TSDT! 0.0018
(138.9%)  (177.8%)  (216.7%)  (255.6%)  (294.4%) (338.9%)
0. 00250 0.00323 0.00395 0.00468 0.00540 0.00613
-TSDT 0.00176
(142.0%)  (183.5%)  (224.4%)  (265.9%)  (306.8%) (348.3%)
) 0.0034 0.005 0.0066 0. 0082 0.0097 0.0113
FSDTL 0.0018
(188.9%)  (277.8%)  (366.7%)  (455.6%)  (538.9%) (627.8%)
) 0.0033 0.0049 0.0065 0. 0080 0.0096 0.0111
FG-X TSDPT'"? 0.0018
(188.9%)  (277.8%)  (366.7%)  (455.6%)  (538.9%) (627.8%)
0.00334 0.00491 0.00647 0.00803 0.00958 0.01113
I-TSDT 0.00176
(189.8%)  (279.0%)  (367.6%)  (456.3%)  (544.3%) (632.4%)
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buckling and post-buckling of orthotropic rectangular

Buckling Analysis of Functionally Graded Graphene-reinforced Plates Based on

Moving Kriging and Third-order Deformation Theory
Wei Chen' Yaochu Fang' Linxin Peng”"’
(" School of Civil Engineering , University of South China, Hengyang, 421001)
(*School of Civil Engineering and Architecture , Guangxi University , Nanning, 530004)
(*Key Laboratory of Disaster Prevention and Structural Safety of Ministry of Education , Guangxi Key Laboratory

of Disaster Prevention and Engineering Sa fety, Guangxi University, Nanning. 530004)

Abstract The emergence of graphene nanoplatelets (GPLs) has enabled the development of light-
weight and high-strength plates, making it a prominent area of research in science and engineering. There-
fore, it is essential to study the buckling performance of functionally graded graphene-reinforced composite
(FG-GRC) plates. This paper presents a new meshless model to solve the buckling behavior problem of
FG-GRC plates. The model is based on an improved Reddy-type third-order shear deformation theory(TS-
DT) with seven degrees of freedom and a moving Kriging(MK) interpolation method, which can overcome
the challenge of implementing the second-type boundary conditions in meshless methods and eliminate the
need for shear correction factors. The model is applicable to thin/medium/thick plate problems and has
high computational accuracy. The Halpin-Tsai model is used to predict the effective Young’s modulus of
the FG-GRC plate, and the effective Poisson’s ratio is determined using the mixture law. The meshless
governing equation for the buckling of the FG-GRC plate with seven unknowns is derived based on the
principle of minimum potential energy. The convergence and effectiveness of the proposed method are veri-
fied by comparing it with literature results. The numerical results demonstrate that when the total number
of layers(N,) of the FG-GRC plate is less than 10-15, the critical buckling load of the FG-O-type and FG-
X-type plates changes more drastically than that of the epoxy pure plate, indicating that the stiffness of the
graphene-reinforced plate decreases(or increases) rapidly in this stage, as opposed to the epoxy pure plate.
However, when N, exceeds 10-15, the change rate of the critical buckling load for the FG-GRC plate be-
comes smoother. Furthermore, the critical buckling load of the FG-GRC plate increases sharply when the
length-thickness ratio of the GPLs reaches around 1000. Once the length-thickness ratio of GPLs surpasses
2000, the critical buckling load of the FG-GRC plate tends to stabilize, and the length-width ratio and
length-thickness ratio of the GPLs have no significant effect on it. Overall, the research findings of this
study not only contribute to the understanding of FG-GRC plates but also offer practical and insightful rec-
ommendations for their design and theoretical research.

Key words functionally graded graphene-reinforced composite plates, improved Reddy-type third-or-

der shear deformation theory, moving Kriging, critical buckling load





