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Fig. 2 FG-CNTRC plate subjected to in-plane loads
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Tab.1 Properties of material
Parameters Matrix CNTs

Poisson’s ratio ym=0.34 v iNT=0.175
Density/kge*m ™3 " =1150 0 NT=1400

7 ] EST = 5646. 6
Young’s modulus/GPa Em=2.1 EST = 7080
Shear modulus/GPa GiNT=1944.5

%2 S54Ba%0tE CNTs 8%k 5K
Tab.2 Efficiency parameters of CNTs corres-

ponding to volume fraction

4.1 WSS

Ry B UE AR SC T 15 B MR SR o SR FHAS [R) 25 47 715 8
Xof B ] 37 R DU 1 {8 32 FG-CNTRC J5 A i 47 1l 5
Hifar 2k 47 0 7. CNTs #9434 7 2 % 1& UD A,
FG-O BUF FG-X % 3 F, A ) S8 Lk 0. 01 4R FH
GYECR 0. 11, AH XT3 22 28 SR | AR SO — STk |/
SCHRAR < 10020, A X TH R 45 SR H AR 3, BF5E R
W, Bl G 1T R R 3 2 B S5 R TR s 2 R
R 17 X017 W AR S Yang 550 R ST
— B B ) A5 I B8 1Y Chebyshev-Ritz 75 515 ) 1Y
SERRZEAE 0. 10 LA - A R i 8 WO R 2 1T
N i

%3 BJEWHE KL FG-CNTRC 77 # T & H
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Tab.3 Dimensionless critical buckling loads of
simply supported FG-CNTRC square plate

under uniaxial compression

Type
Method
UD FG-0O FG-X
Present(7% 1) 39. 3835 21.5016 57.1058
(0.05%) (0.08%) (0.00%)
Present(11511) 39. 3542 21.4735 57.0752
0. 02%) (0. 04%) (0.05%)
Present(15515) 39. 3468 21. 4661 57. 0677
(0.04%) (0.07%) (0.06%)
STTIORN 39. 3448 21. 4640 57. 0656
(0.04%) (0.08%) (0.06%)
39. 3424 21.4617 57.0633
Present(z1x2D) 0.05%)  (0.09%)  (0.07%)
Chebyshev-Ritzl34] 39. 3633 21.483 57.1048

4.2 BIMESH
N UEAR SCT7 6 A R RS 4.1 T3 H R ]

Efficiency Ve JC AR 45 B 17 X 17 KR SE N 0. 1L R R iR R
parameters 0.11 0. 14 0.17 s 7 N i A ~ <
Sy BT L) 52 SR b 3k I Ui R % FG-CNTRC
m 0.149 0.150 0.149 e o
7, 0.934 0. 941 1. 381 J7 M 19 I 55 et oty A 2 AT 40 A 5 AE DG T AR A5 SR A A
75 0.934 0. 941 1. 381 FA, IGHREMATRTEN N, =N, 6°/(x°D,),
k4 BEWMEREFWHH L FG-CNTRC ¥ & &N s 7 o 77 %
Tab. 4 Dimensionless critical buckling loads of simply supported FG-CNTRC square plate on
elastic foundation under uniaxial compression
(ke sk) =1(0,0) (ke sks) = (100,0) (ke s k) =(100,50)
Vinr Type - -
TSDTH3  sSpDTH?! Present TSDTH)  sspTlh®] Present TSDT M3 sspT M3 Present
UD 20.6814  20.7286 20,6724 21,7080  21.75562 21,6990  31.8401 31,8873 31,8311
0.11 FG-O 14. 4990 14. 4515 14. 4429 15.5256 15.4781 15. 4695 25. 6577 25.6102  25.6016
FG-X 24.5864  24.3943  24.2290  25.3130  25.4209  25.2556  35.4451  35.5531  35.3876
UD 23.3559 23. 4229 23.3397 24.3825 24. 4495 24. 3663 34.5146 34.5816  34.4983
0.14 FG-O 16. 6984 16. 6451 16. 6376 17.7250 17.6717 17.6642 27.8571 27.8038 27.7962
FG-X 26.8941 27.0177 26.8320 27.9207 28.0443 27.8586 38.0528 38.1764 37.9906
UuD 32.3180 32. 3890 32.3051 33. 3446 33.4156 33.3316 43.4768 43. 5477 43. 4637
0.17 FG-O 22.6823 22.6276 22.6338 22.6823 23.6542 23.6604 33.8410 33.7863 33.7924
FG-X 37.6944 37.8069 37. 6444 38.7210 38. 8335 38.6710 48. 8531 48. 9656 48. 8030
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Tab. 7 Dimensionless critical buckling loads of
simply supported FG-CNTRC square plate

under biaxial compression and tension

(ke s ky)
Vinr Type
(0,0) (100,0) (100,50)
UD 191. 8007 192. 1189 199. 9708
0.11 FG-O 101. 3560 101. 6743 109. 5262
FG-X 278.4596 278.7778 286.6298
UD 241. 4666 241. 7848 249.6368
0.14 FG-O 127.2293 127. 5475 135. 3995
FG-X 349.6783 349. 9965 357. 8484
UD 294.5982 294. 9165 302. 7684
0.17 FG-O 154. 5759 154. 8941 162. 7461
FG-X 428.5100 428.8282 436.6801

*8 WHNHYWHHE L FG-CNTRC 7 & & H
s B i 17 #
Tab. 8 Dimensionless critical buckling loads of
simply supported FG-CNTRC square plate

under in-plane shear

I 5 o 7o £ x N ks sk
. . .o . V(‘\"l‘ Type
Tab.5 Dimensionless critical buckling loads of 0,0) (100,0) (100,50)
simply supported FG-CNTRC square plate UD 57.0739 57.47121 68.76951
under uniaxial compression 0.11  FG-O 36. 59352 36. 99161 47. 54731
FG-X 76. 18161 76.55555 88. 16272
v . (ke skes) UD 68.20321 68.58974 80.09163
CNT ype - o) -
0.0) (100.0) (100.50) 0.14  FG-O 12.73436 13,1362 53. 9809
- FG-X 90. 08144 90.33124 102. 963
ub 39.3448 40.2995 49.7220 UD 88. 38722 88. 78676 100. 3337
0.11  FG-O 21. 4640 22, 4187 31.8413 0.17  FG-O 55. 92634 56. 32589 67. 2025
FG-X 57. 0656 58. 0203 67. 4428 FG-X 119. 4809 119. 8626 131. 6332
UD 19, 3860 50. 3407 59. 7633
0.14  FG-O 26. 5183 27.5030 36. 9255 *9 AREEFRTHENSE X FG-CNTRC #
FG-X 71. 9605 72.9152 82.3377 FRIEENERE T
uD 60.4595 61.4142 70. 8367 Tab. 9 Dimensionless critical buckling loads of
0.17 FG-O 32.7063 33.6610 43.0836 Simply supported FG-CNTRC square plate
FG-X 88. 0272 88. 9819 98. 1044 o . .
under uniaxial compression and different
thickness-to-width ratios
%6 MJE W % FG-CNTRC 7 R & & X
, Cho k)
IEU %E ﬂﬁﬁﬂ?&. h/b Type
Tab. 6 Dimensionless critical buckling loads of (0,0 (100,0) (100,50)
simply supported FG-CNTRC square plate Ub 39.3448 40.2995 49.7220
der biaxial . 0.0l FG-O 21. 4640 22, 4187 31,8413
under biaxial compression FG-X 57. 0656 58.0203 67. 4428
o k) UD 38. 0847 39,0394 18. 1620
Vier  Type 0.02  FG-O 21. 0643 22,0190 31. 4415
(0,0) (100,0) (100,50 FG-X 54.4232 55. 3780 64. 8005
UD 11. 5850 11. 7759 16. 4871 UD 31. 1845 32,1392 41,5617
0.11 FG-O 7.8490 8. 0400 12. 7512 0.05 FG-O 18. 6736 19. 6283 29. 0508
FG-X 14. 7470 14. 8425 19. 5538 FG-X 41,2279 42.1826 51.6051
UD 13.7419 13. 8941 18. 6054 UD 19. 2248 20.1795 29. 6020
0.14 FG-O 8. 9496 9. 1405 13.8518 0.1  FG-O 13.4315 14. 3862 23. 8087
FG-X 16. 8120 16. 9074 21,6187 FG-X 22,5323 23, 4870 32,9095
UD 17. 9676 18.1586 22.8698 UD 8. 1554 9.1101 14. 4890
0.17  FG-O 11.9952 12.1861 16. 8974 0.2 FG-O 6. 7337 7.6884 13. 7874
FG-X 23,7915 23,8870 28.5983 FG-X 8. 6926 9. 4939 14.5431
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Fig. 3 Variation of dimensionless critical buckling loads with CNT
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uniaxial compression and different length-to-width ratios
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Fig. 7 First order buckling modes of simply supported UD square plate at different orientation angle under uniaxial compression
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Meshless buckling analysis of FG-CNTRC plate on elastic foundation based
on improved Reddy type third-order shear deformation theory

XU Jian-wen', YAN Shi-tao?, PENG Lin-xin®, CHEN Wei**"*
(1. Guangxi Xinfazhan Communication Group Co.,Ltd.,Nanning 530004 ,China;
2. Guangxi Transport Vocational and Technical College, Nanning 530004 ,China;
3. School of Civil Engineering and Architecture, Guangxi University, Nanning 530004, China;
4. School of Civil Engineering, University of South China, Hengyang 421001, China)

Abstract: In order to solve the buckling problem of functionally graded carbon nanotube reinforced
composite (FG-CNTRC) plates with carbon nanotubes (CNTs) orientation angle resting on an elastic
foundation,a meshless analysis model based on improved Reddy’s third-order shear deformation theory
(TSDT) and moving least square (MLS) is proposed. This model avoids the difficulty of imposing the
second kind of boundary condition in the meshless method,and can satisfy the free surface conditions of
medium thick/thick plates without introducing additional shear correction factors. Based on the principle
of minimum potential energy,the governing meshless equations for the buckling of FG-CNTRC plates on
an elastic foundation are derived. The convergence and effectiveness of this method are verified by a
benchmark example. The effects of the orientation angle, volume fraction,distribution pattern,foundation
coefficient, width-to-thickness ratio and boundary condition on the critical buckling loads of FG-CNTRC

plates are analysed.

Key words:improved Reddy’s third-order shear deformation theory;functionally graded carbon nanotube
reinforced composite plate; Pasternak foundation; critical buckling load; moving-least square

approximation



