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A Composite Plate Theory for Multilayered Laminates
and Sandwich Plates

Shin, Yong-Seok*

ABSTRACT

A composite plate theory including the effect of transverse shear deformation is developed
to calculate the gross response and the detailed stress distribution on the assumption that the
transverse shear stresses on each layer has a linear distribution. The theory satisfies both the
condition of continuity on the interface and the vanishing of the transverse shear stress on the
surface. Neither the shear correction factors nor the integration of the stress equilibrium equations
is need for those conditions. The accuracy of the theory is examined for the case of simply
supported cross-ply laminates and compared with the three dimensional elasticity solutions. The
results of the present work for multilayered laminates and for sandwich plates exhibit acceptable

accuracy.
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Table 2. Nondimensionalized deflections and stresses of multilayered square laminates under sinusoidal load

(a) 7-layer laminates(0°/90°/0°/90°/0°/90°/0°)

o S Wy o Oz Oy T5 Og
; ource a b a b L hy|cab 3 a L3 L
(2’ 2'0) (2’2’i2) (z‘z’is) 290" 0) (O' 2'0) (O' 0, i—2)
0.679 0.623 - 0.0356
. Pagano [9] 1.791 ~0.645 ~0.610 0.236 0.219 0.0347
Present 1.814 0.671 0.631 0.217 0.221 0.0357
0.457 - 0.0237
10 Pagano 0.659 +0.548 —0.458 0.219 0.255 0.0238
Present 0.662 0. 550 0. 459 0.208 0.256 0.0239
0.419 -
20 Pagano 0.489 -+0.539 — 0. 420 0.210 0.267 F0.0219
Present 0.489 0.540 0.420 0.200 0.268 0.0220
100 Pagano 0.434 +0.539 +0.405 0.205 0.272 F0.0213
Present 0.434 0.539 0.405 0.196 0.273 0.0213
(b) 9-layer laminates(0°/90°/0°/90°/0°/90°/0°/80°/0°)
o S Wy [e3] [¢}] Gy [e13 [+
’ G b0 |Ghr [ G G0 | Lo oD
0.684 0.628 - 0.0337
4 Pagano [9] 1.759 —0.649 —0.612 0.223 0.223 0.0328
Present 1.784 0.672 0.630 0.227 0.216 0.0338
- 0.0233
10 Pagano 0.652 +0.551 +0.477 0.226 0.247 0.0235
Present 0. 654 0.553 0.478 0.227 0.243 0.0235
20 Pagano 0,487 4+0.541 40.444 0.221 0.255 F0.0218
Present 0.487 0.541 0.445 0,223 0.252 0.0219
100 Pagano 0.434 +0.539 +0.431 0.219 0.259 F0.0213
Present 0.434 0.539 0.432 0.220 0. 255 0.0213
Table 3. Nondimensionalized maximum stresses in square sandwich plates under sinusoidal load
o S Wy Gy (o2} Oy T5 Cg
) ource b
5D | G LD | GL D | G0 | 0 Lo [@oxh
1.556 -0.233 0.2595 —0.1437
g | Pagano 8l 1750 0.19 | —0.2533 0.1072 0.239 0.1481
Present 1.558 0.234 0.2519 0.1041 0.239 0.1480
1.153 0.628 0.1104 - 0.0707
o | Fasano -1.152 | -0.629 | —0.1099 00527 0300 0.0717
Present 1.155 0.628 0.1092 0.0513 0.300 0.0714
20 Pagano 1.110 0.810 0.0700 0.0361 0.317 0.0511
Present 1.110 0.810 0.0697 0.0352 0.317 0.0512
100 Pagano 1.098 0.875 0. 0550 0.0297 0.324 0,0437
Present 1.098 0.875 0. 0550 0.0291 0.324 0.0437
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Fig. 3. The distribution of transverse shear stresses through the thickness of sandwich plate

under sinusoidal load (a/h=10)
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E,=E,=0.04 x 10°psi (0.28 Gpa),
Gyg = Goz = 0.06 x 10° psi (0.42 Gpa),
Gz = 0.16 x 10% psi (1.12 Gpa),

viz = vz = 0.25
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