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Thermal Buckling of Thick Laminated Composite Plates
under Uniform Temperature Distribution
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Abstract

Laminates (t] % & & 3t),

In this paper, the thermal buckling of thick composite angle-ply laminates subject to uniform
temperature distribution is studied. For the plates of 4-edges simply supported condition and those
of 4-edges clamped condition, the critical buckling temperatue is derived, using the finite element
method based on the shear deformation theory. The effects of lamination angle, layer number,
laminate thickness, plate aspect ratio and boundary constraints upon the critical buckling temper-

ature are presented.
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Table 1 Comparison between the FEM solution
and the results of Ref{1] for isotropic
plates

Nondimensional critical buckling temperature for
a simply supported aluminum plates, £=10x10°
psi, a/t=100, vy=0.3, @=1.0%107% ju/iu/°k

Present
a/b  Ref[1] 9—nodes 9—nodes
(2% 2 elements) (3x3 elements)
0.25 0.672 0.682 0.674
0.5 0.791 0.801 0.793
1.0 1.265 1.281 1.268
1.5  2.056 2.081 2.060
2.0 3.163 3.201 3.168
2.5 4,587 4,641 4.591
3.0 6.327 6.398 6.327
(1) AR AA=A
x=0, a OF_]u]] Uo=Wo= =0
y=0, b Al v,=wo=¢x=0 (26)
2 $AHy 75‘74]&7d
x2=0, ¢ 4o u,=v ===
y=0, b OE]“H Up=Vo™=W o—¢’x—¢y— @n
olm, zzd AZFY AaEAHAe o

Il}- (6,7,11)

E\/Eo=181, E2/E,=10.3, Gio/E,=0.717,

Table 2 Comparison between the FEM solution and results of Ref[7] and Ref[ll] for antisymmetric

angle-ply laminated plates

Nondimensional critical buckling temperature {=ga,7.,*10°} for a simply supported laminated
plates(a/8=1), Ei/Eo=181, Ey/ Es=10.3, Gi2/ Es=0.717, Gis/ Ev=0.598, Gys/ Ex=0.239, a/t=20,

v=0.28, &/ 2,=0.2, &/ @,==22.5, Ey=1.0 Gpa, a,=1.0{(pgm/m) /°K, B. C.(x=0, a ; u=w=¢,=0, y=0,
b, v= w—¢x— )
References Present
No of layers ply-angle Ref[7] Ref[11] 9-nodes 9-nodes
* * % ¥k X (2x2) (3%x3)
2 (45°/—45°%) 1.055 0.992 - 1.021 1.012
4 (45°/ ~45%)» 2.228 2.032 2.038 2.053 2.037
8 (45°/ —45%4 2.522 2.275 2.278 2.296 2.278

Note

* % % FEM solutions

% Based on classical thin plate theory
% % Based on Reissner-Mindlin plate theory
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Table 3 Comparison between the FEM solution and results of Ref[6] for symmetri: angle-ply laminated
plates

Nondimensional critical buckling temperature {=a,7.x10% for a simply supported laminated
plates(a/b=1), E\/Ey=181, E,/Es=10.3, G2/ Ec=0.717, Gi3/ Ec=0.598, G/ E:=0.239, a/t=20,
v=028, o/ %=0.2, &/ =225, E;=1.0x10° Gpa, ap=1.0(um/m)/°K B. C. (x=0, 2, u=w=¢,=0, v
=0, b; v=w=¢x=0)

Ply angle No. of Layers References 9-n0desPreS€nt9-nodes
Ref[6] Ref[15] 2x2) (3x3)
11.25° 1 1.038 1.033 1.090 0.993
3 1.130 — 1.125 1.039
5 1.236 1.236 1.199 1.136
45° 1 1.097 — 1.252 1.077

3 1.666 — 1.557 1.445

Note =*Based on classical theory

Table 4 Nondimensional critical buckling temperature for a simply supported laminated plates(a/b=1),
E\/Ee=181, E»/ Ey=10.3, Gi2/ Eo=0.717, Gis/ Ee=0.598, Gis/ E0=0.239, a/t =20, y=0.28, &/ 2o=0.
2, o/ =225, E,=1.0x10°Gpa, a=1.0x10"¢(uzm/m) /°K

Ply-angle(8)

No. of layers o 15° 30° 45° 60° 75° 90°
1 0.930 1.036 1.097 1.077 1.097 1.036 0.930
0.930 1122 1.395 1.445 1.395 1.122 0.930
5 0.930 1.292 1.881 2.040 1.881 1.262 0.930
2 0.930 0.979 0.998 1.012 0.998 0.979 0.930
4 0.930 1.294 1.864 2.037 1.864 1.294 0.930
8 0.930 1.370 2.070 2.278 2.070 1.370 0.930

Table 5 Nondimensional critical buckling temperature for a laminated plates with clamped edge condi-
tion(a/b=1), El/Eo=181, Ez/Eo=10-3, Glz/Eo:O-717, Gl3/EO=O-5981 Gza/Eo=0-239, a/t=20,
v=0.28, &1/ 2%=0.2, &/ =225, Ey=1.0%x10° Gpa, ap=1.0x10"%(um/m) /°K

Ply-angle (8)
No. of layers 0 15° 30° 45° 60° 75° 90°
1 2.067 2.040 2.094 1.867 2.094 2.040 2.067
2.067 2.185 2.678 2.605 2.678 2.185 2.067
5 2.067 2.388 3.514 3.704 3.514 2.388 2.067
2.067 2.005 2.245 2.140 2.245 2.005 2.067
4 2.067 2.390 3.624 3.789 3.624 2.390 2.067

2.067 2.477 3.880 4.153 3.880 2.477 2.067
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Table 6 Nondimensional critical buckling temperature for a simply supported laminated plates(a/b=1),
El/Eo= 181, Ez/Eo= 103, Glz/Eo=0.717, G13/Eo=0.598, Gza/Eo=0239, V=0.28, (Zl/ao=0.2,
a/ ap=22.5, E;=1.0x10° Gpa, ay=1.0x10"¢(zm/m) /°K

Thickness Ratio(a/t)

No of layers Ply-angle 5 10 20 30 50 100
15° 7.043 3.262 1.036 0.485 0.180 0.045

1 30° 6.890 3.478 1.097 0.512 0.189 0.048
45° 6.552 3.378 1.077 0.504 0.187 0.047

15° 2.959 1.557 1.122 1.035 0.989 0.969

3 30° 4.382 2.130 1.395 1.237 1.151 1.114
45° 4.694 2.262 1.445 1.266 1.167 1.123

15° 2.012 1.445 1.292 1.263 1.248 1.242

5 30° 3.023 2.124 1.881 1.835 1.812 1.802
45° 3.285 2.306 2.040 1.989 1.963 1.952

15° 4.531 1.907 0.979 0.789 0.690 0.648

2 30° 6.917 2.505 0.998 0.694 0.535 0.468
45° 7.406 2.676 1.012 0.673 0.496 0.420

15° 2.373 1.527 1.294 1.250 1.227 1.218

4 30° 3.580 2.231 1.864 1.795 1.759 1.744
45° 3.902 2.438 2.037 1.961 -1.922 1.905

15° 1.656 1.428 1.370 1.359 1.354 1.351

8 30° 2.518 2.161 2.070 2.053 2.045 2.041

45° 2.767 2.378 2.278 2.260 2.250 2.246
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Gis/ Eo=0.598, Gu/Eo=0.239, L= (=aTue(d?/tH}E &S 3] AR A3}l
v=0.28, a/2,=0.2, &/ a,=22.5, u], Table 1oj4] £ A9 F384 &4 AAE

E,=1.0 Gpa, a,=1.0(zm/m)/°K (28)

FxdoA zald o] FHuE 0.25<a/b
<30]3, FAM¥E 5<a/t<100°]ct
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Table 7 Nondimensional critical buckling temperature for a laminated plates with clamped edge condi-
tion{a/b=1), E\/Ey=181, E,/E;=10.3, Gio/ Eo=0.717, Gi3/ E;=0.598, Gos/ E=0.239, v=0.28,
o/ =02, @/ 2=22.5, E;=1.0x10° Gpa, ap=1.0x10"¢(um/m)/°K

Thickness Ratio(a/¢)

No. of layers Ply-angle 5 10 20 30 50 100
15° 7.431 4.869 2.040 1.050 0.412 0.107

1 30° 6.941 4.891 2.094 1.081 0.426 0.111
45° 6.644 4.585 1.867 0.946 0.368 0.095

15° 4.559 2.818 2.185 2.052 1.981 1.951

3 30° 6.494 3.797 2.678 2.420 2.278 2.216
45° 7.286 3.936 2.605 2.296 2.124 2.048

15° 3.396 2.614 2.388 2.344 2.322 2.312

5 30° 5.087 3.876 3.514 3.444 3.408 3.392
45° 5.594 4128 3.704 3.622 3.580 3.562

15° 6.190 3.361 2.005 1.691 1519 1.445

2 30° 7.660 4.711 2.245 1.654 1.329 1.188
45° 7.667 4.894 2.140 1,513 1.173 1.025

15° 3.865 2.736 2.390 2.322 2.287 2.272

4 30° 5.883 4.164 3.624 3.518 3.463 3.439
45° 6.584 4431 3.789 3.665 3.600 3.573

15° 2.894 2.564 2.477 2.461 2.452 2.449

8 30° 4514 4.013 3.880 3.855 3.842 3.836
45° 4914 4.311 4.153 4.123 4.108 4.102
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Fig. 4 Effect of plate thickness on the critical buckling temperature of laminates(q/b=1, §=45°)

Table 8 Nondimensional critical buckling temperature for a simply supported laminated plates,
E\/Eo=181, E»/ E;=10.3, Gi2/ E;=0.717, Gis/ E0=0.598, Gzs/ E,=0.239, a/t=20, 1=0.28, &1/ ay=0.
2, oo/ =225, E,=1.0%°® Gpa, ¢p=1.0x10"%(um/m) /°K

Aspect Raﬁo(a/ b)

No. of layers Ply-angle 0.25 0.5 1.0 15 2.0 25 3.0
15 1.252 1.038 1.036 1.082 1.123 1.271 1.478
1 30° 1.057 0.971 1.097 1.319 1.644 2.041 2.495
45° 0.662 0.698 1.077 1.651 2.408 3.319 4.248
15° 1.337 1.131 1.122 1.159 1.182 1.319 1518
3 30° 1.316 1.277 1.395 1.598 1.908 2.291 2.731
45° 0.757 0.886 1.445 2.181 3.084 4.138 5.290
15° 1.501 1.311 1.292 1.311 1.309 1.426 1.610
5 30° 1.780 1.821 1.881 2.083 2.372 2.730 3.141
45° 0.859 1.168 2.040 2.985 4.001 5.102 6.263
15° 1.108 0.981 0.979 0.951 0.966 1.092 1.285
2 30° 0.911 0.928 0.999 1.134 1.364 1.663 2.012
45° 0.423 0.574 1.012 1532 2.135 2.824 3.589
15 1.481 1.313 1.294 1.291 1.283 1.395 1.575
4 30° 1.707 1.741 1.864 2.061 2.334 2.670 3.058
45° 0.790 1.135 2.037 2.968 3.933 4.956 6.031
15° 1571 1.393 1.370 1.374 1.360 1.467 1.643
8 30° 1.900 1.937 2.070 2.277 2.555 2.896 3.288
45° 0.880 1.270 2.278 3.296 4.331 5.414 6.538
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Table 9 Nondimensional critical buckling temperature for a laminated plates with clamped edge condi-
tion, F1/Ey=181, E,/ E;=10.3, Gio/ Ee=0.717, Gis/ Es=0.598, Gas/ Ex=0.239, a/t=20, v=0.28, &/
an=0.2, ﬂ2/00=22-5, E0=1.0 x10° Gpa, 0021.0 X 10"6(,um/m) /OK

Aspect Ratio(a/b)

No of layers Ply-angle 0.25 05 1.0 1.5 2.0 25 3.0
15° 3.650 2.389 2.040 2.338 2.485 2.870 3.369
1 30° 2911 2.050 2.094 2.332 2.990 3.810 4,543
45° 1.644 1.549 1.867 2.926 3.955 4.936 5.669
15° 3.790 2.549 2.185 2.519 2.633 2.999 3.489
3 30° 3.348 2.543 2.678 2.920 3.600 4.471 5.137
45° 2.058 2.125 2.605 4.031 5.674 7.010 7.565
15° 4.000 2.773 2.388 2.735 2.815 3.150 3.620
5 30° 4.018 3317 3.514 3.728 4.378 5.247 5.179
45° 2.717 2.791 3.704 5.546 7.580 7.614 7.636
15° 3.035 2.217 2.005 2.288 2.444 2.834 3.338
2 30° 2.426 2.147 2.245 2.490 3.116 3.933 4.822
45° 1.459 1.537 2.140 3.388 5.040 6.842 7.613
15° 3.881 2.748 2.390 2.742 2.809 3.143 3.612
4 30° 3.992 3.398 3.624 3.776 4.406 5.265 5.190
45° 2.550 2.738 3.789 5.668 7.615 7.638 7.654
15° 4.070 2.868 2.477 2.813 2.892 3.213 3.674
8 30° 4322 3.663 3.880 4.052 4.680 5.375 5.194

45° 2.805 3.014 4.153 6.148 7.625 7.645 7.659
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