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Abstract

A higher-order laminated plate theory including the effect of transverse shear deformation is
developed to calculate the gross response and the detailed stress distribution. The theory satisfies
the continuity condition of transverse shear stress, and accounts. for parabolic variation of the
transverse shear stresses through the thickness of each layer. Exact closed-form solutions of
cross-ply laminates are obtained and the results are compared with three-dimensional elasticity
solutions and a simple higher-order theory solutions. The results of the present work exhibit
acceptable accuracy when compared to the three-dimensional elasticity solutions.
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Table 1 Nondimensionalized deflections and stresses in 3-layer rectangular laminates under sinusoidal

load (0°/90°/0°, b=3a)
a/h Source Wo o1 02 A Os O

1.14 0.119 —0.0281

Pagano® 2.82 0.0334 0.351
—1.10 —0.109 0.0269
4 Present 2.846 1.124 0.112 0.0316 0.353 0.0278
Reddy® 2.641 1.036 0.103 0.0348 0.272 0.0263
FSDT® 2.363 0.613 0.0934 0.0308 0.188 0.0205
0.726 0.0435 —0.0123

Pagano 0.919 0.0152 0.420
—0.725 —0.0418 0.0120
10 Present 0.921 0.726 0.0420 0.0149 0.420 0.0122
Reddy 0.862 0.692 0.0398 0.0170 0.286 0.0115
FSDT 0.803 0.621 0.0375 0.0159 0.189 0.0105

0.0299
Pagano 0.610 +0.650 0.0119 0.434 F0.0093
—0.0294
20 Present 0.610 0.650 0.0295 0.0119 0.434 0.0093
Reddy 0.594 0.641 0.0289 0.0139 0.288 0.0091
FSDT 0.578 0.623 0.0283 0.0135 0.190 0.0088
Pagano 0.508 +0.624 +0.0253 0.0108 0.439 F0.0083
Present 0.508 0.624 0.0253 0.0108 0.439 0.0083
100

Reddy 0.507 0.624 0.0253 0.0129 0.289 0.0083
FSDT 0.506 0.623 0.0253 0.0127 0.190 0.0083
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Table 2 Nondimensionalized deflections and stresses in 4-layer square laminates under sinusoidal load

(0°/90°/90°/0°)
a/h Source Wo O 02 04 Os O
0.720 0.666 —0.0467
Paganot? 1.937 0.292 0219 b—m—-—
—0.684 —0.663 0.0458
4 Present 1.969 0.706 0.679 0.297 0.220 0.0472
Reddy® 1.894 0.665 0.632 0.239 0.206 0.0440
FSDT® 1.710 0.406 0577 0.196 0.140 0.0308
0.403 —0.0275
Pagano 0.737 +0.559 0.196 0301 —m——
—0.401 0.0276
10 Present 0.739 0.561 0.403 0.196 0.302 0.0277
Reddy 0.715 0.546 0.389 0.153 0.264 0.0268
FSDT 0.663 0.499 0.362 0.129 0.167 0.0241
0.309
Pagano 0.513 +0.543 0.156 0.328 F0.0230
—0.308
20 Present 0.513 0.543 0.309 0.156 0.328 0.0231
Reddy 0.506 0.539 0.304 0.123 0.283 0.0228
FSDT 0.491 0.527 0.296 0.109 0.175 0.0221
Pagano 0.435 +0.539 +0.271 0.139 0.339 +0.0214
100 Present 0.435 0.539 0.271 0.139 0.339 0.0214
Reddy 0.434 0539 | 0.271 0.112 0.290 0.0213
FSDT 0.434 0.538 ' 0.271 0.101 0.178 0.0213
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Fig. 2 Stress distribution through the thickness of 3-layer square laminate under sinusoidal load
(0°/90°/0°)

Table 3 Nondimensionalized deflections and stresses of multilayered square laminates under sinusoidal

load
(a) 7-layer laminates (0°/90°/0°/90°/0°/90°/0°)
a/h Source Wo o1 02 Os Os Os
0.679 0.623 —0.056
Pagano? 1.791 0.236 0219 }—mn
4 —0.645 —0.610 0.0347
Present 1.818 0.664 0.623 0.237 0.220 0.0358
0.457 —0.0237
Pagano 0.659 +0.548 0.219 025 b———
10 —0.458 0.0238
Present 0.662 0.549 0.458 0.219 0.255 0.0239
0.419
Pagano 0.489 +0.539 0.210 0.267 ¥0.0219
20 —0.420
Present 0.489 0.540 0.420 0.210 0.267 0.0220
Pagano 0.434 +0.539 +0.405 0.205 0.272 F0.0213
100
Present 0.434 0.539 0.405 0.205 0.272 0.0213
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(b) 9-layer laminates (0°/90°/0°/90°/0°/90°/0°)
a/h Source Wo o1 02 04 05 O6
0.684 0.628 —0.0337
Pagano!? 1.759 0.223 0.223
4 —0.649 —0.612 0.0328
Present 1.785 0.668 0.626 0.224 0.223 0.0338
—0.0233
Pagano 0.652 +0.551 +0.477 0.226 0.247
10 0.0235
Present 0.654 0.553 0.478 0.226 0.247 0.0235
Pagano 0.487 +0.541 +0.444 0.221 0.255 F0.0218
20 :
Present 0.487 0.541 0.444 0.221 0.255 0.0219
Pagano 0.434 +0.539 +0.431 0.219 0.259 F0.0213
100
Present 0.434 0.539 0.431 0.219 0.259 0.0213
Table 4 Nondimensionalized deflections of 3-layer square plates under uniform load (0°/90°/0°)
a/h Source 1*=9 1=29 1=49
Present 3.0893 3.0872 3.0871
4 Reddy® 2.9103 2.9091 2.9091
FSDT® 2.6623 2.6597 2.6596
Present 1.1578 1.1574 1.1574
10 Reddy 1.0903 1.0900 1.0900
FSDT 1.0224 1.0220 1.0219
Present 0.7959 0.7957 0.7957
20 Reddy 0.7761 0.7760 0.7760
FSDT 0.7574 0.7573 0.7573
Present 0.6713 0.6713 0.6713
100 Reddy 0.6705 0.6705 0.6705
FSDT 0.6697 0.6697 0.6697
% Number of terms in the series solutions (m,n=1,3,---I)
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