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Abstract

Affine transformation was used to analyze the bending, buckling and vibration behaviors of a
thick antisymmetric angle-ply rectangular simply supported laminate. Introducing the generalized
parameters, the comprehensive solutions are found. The generalized parameters are a generalized
rigidity ratio (D*), a generalized Poisson’s ratio (¢) and a principal rigidity ratio (a). Hence, the
transverse deflection decreases, the uniaxial buckling load and the fundamental frequency in-
crease with increasing D* and decreasing «, but the effect of ¢ is negligible. With decreasing the
thickness ratio, the results by the classical plate theory are more erroneous. The transverse
deflection is minimum, the uniaxial buckling load and the fundamental frequency are maximum
if the fiber angle is 45°, and number of plies is more than 4. The time and efforts can be saved to
understand the behaviors of composite laminates because these results can be applied to another
composite material easily.
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(a) gecmetry and in-plane load of a plate
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Fig. 1 Geometry and applied loads of a laminate
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Table 1 The values of engineering constants and D*, ¢ for various composite materials
H 3 El EZ Glz
No.| Fiber Matrix (GPa) (GPa) (GPa) ha D* c E/E
1 T300 N5208 181. 10.3 7.17 0.28 0.397 0.168 17.573
2 T300 F934(13) 206.8 5.17 2.58 0.25 0.197 0.2 40.
mil cloth

3 T300 Epoxy 138. 14.5 6.53 0.21 0.358 0.19 9.517
4 B(4) N5505 207. 14.5 5.51 0.21 0.256 0.217 14.276
5 E-Glass | Epoxy 42.7 11.7 4.09 0.27 0.5 0.282 3.65
6 Kev49 | Epoxy 76. 5.5 2.3 0.34 0.315 0.291 13.818
7 E-Glass | Al 124. 24.8 22.07 0.3 0.916 0.147 5.

8+ | Carbon | Epoxy 117.8 6.78 4.23 0.27 0.363 0.179 17.375
9+ - - 203.4 203.4 79.29 0.287 1. 0.287 1.

+ Material made by HFG Co.(Pusan, Korea) and the constants obtained from the experiment in 1984.

++ Isotropic material (cold rolled steel)
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Table 2 Deflection coefficients for thick antisym-
metric angle-ply square simply supported

laminate
(N=2, [45°/—45"], K*=5/6)
Thickness Present Whitney,
ratio(S) Pagano®
10 3.560 3.60
20 3.048 3.06
30 2.954 2.96
40 2.921 2.93
50 2.905 2.90

Table 3 Buckling coefficients for thick antisym-
metric angle-ply rectangular simply
supported laminate
([45°/—45°/45°/~45°], K*=5/6, S=10)

Aspect N=2 N=6

ratio
(a/b) Present Khdeir®"Putcha® Present |Khdeir‘“'Putcha“z’

0.5 [3.622)3.620 | 3.620 | 6.232 [ 6.230 | 6.230
1.0 (3.371)3.369|3.369{6.232 | 6.230 | 6.230
1.5 (3.309|3.307 [ 3.307 | 6.232 | 6.230 | 6.230
2.0 [3.351)3.350|3.350 |6.2326.230 | 6.230
2.5 13.304{3.302|3.302(6.232|6.230 | 6.230
3.0 {3.3093.307)3.307 [6.270 1 6.230 | 6.230
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Tabla 4 Frequency coefficients for various mode
number for thick antisymmetric angle-
ply square simply supported laminate

([45°/ —45°/45°/ —45"], K*=5/6, S=10, n=1)

Mode No.(m) Present Khdeir'®
1 2.585 2.574
2 4.890 4.863
3 7.617 7.568
4 10.601 10.540
5 13.671 13.600
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Fig. 6 Effects of number of plies on the buckling
behavior of thick antisymmetric angle-ply
square simply supported laminate

g T T T T T T T T .l
SOT o i
. cpTIN /’
8 |- .
" 7 - ”” —4
M D* =0.2 .
=t N i
b4 e
W o
S ot -
jre .
tt L Pl
Q /
(5] S
5 - p* -
e 1.0
5 | 0.8
4 0.6 B
S 03
2 4k 0.6
77 BT ok
3 N — S b 8 = 2350 |
— f— o, e 1
L 2%
b— —
2 3 1 L | 1 A 1 | 1
0 10 20 30 40 50
MODULUS RATIO, E./Ea

5 T T T T T T T T ¥
SDT
b oeeeme cprT ™ N
4 " —
. 0.0
0.2
g 8
= 0.8
& 1.0
G 3
la
e
i
o -
o
z - .
o 921} S -
5 =027 T el
w S
po) S
[ - Then -
L T
ul -
1F -
N=4
A b 6 o ise
o a/b = 1 -
s =10
posas Q e
0 1 1 K ] 1 A 1 1
0 10 20 30 40 50
MODULUS RATIO, E:/Ea
Fig. 4 Deflection coefficients vs. modulus ratio for
thick antisymmetric angle-ply square simply
supported laminate under sinusoidal transver-
se load
;
.
-4
W
Q
[T
L.
W
o
o
o
Zz
-
4
(33
2
3]
s "l N =4
B N — o przo2 i
-1 - Et/E2 = 40
8 = 225°
pro— O —yi
4 Il I 1 1 1 € X 1 i
[o] 5 10

ASPECT RATIO, a/b

Fig. 5 Effects of thickness ratio on the buckling
behavior of thick antisymmetric angle-ply
rectangular simply supported laminate

Fig. 7 Buckling coefficients vs. modulus ratio for
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ply square simply supported laminate
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Table 5 Effects of generalized Poisson’s ratio on
the behaviors of thick antisymmetric

angle-ply square simply supported
laminate
([22.5°/—22.5°/22.5°/ —22.5°], §=10, K*=5/6)
Material constant Similarity solution
D* € w* kx Q
0.2 2.315 5.183 2.277
0.0 0.3 2.315 5.183 2.277
0.4 2.315 5.183 2.277
0.5 2.315 5.183 2.277
0.2 2.273 5.281 2.298
0.2 0.3 2.273 5.279 2.298
0.4 2.274 5.278 2.297
0.5 2.274 5.277 2.297
0.2 2.232 5.375 2.318
0.4 0.3 2.234 5.372 2.318
0.4 2.235 5.369 2.317
0.5 2.236 5.366 2.316
0.2 2.195 5.468 2.338
0.6 0.3 2.197 5.463 2.337
0.4 2.199 5.458 2.336
0.5 2.201 5.452 2.335
0.2 2.159 5.557 2.357
0.8 0.3 2.162 5.550 2.356
0.4 2.165 5.543 2.354
0.5 2.168 5.534 2.352
0.2 2.126 5.645 2.376
1.0 0.3 2.129 |  5.635 2.374
0.4 2.133 5.625 2.372
0.5 2.138 5.612 2.369
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Table 6 The behaviors for various thick antisymmetric angle-ply square simply supported laminate

(Gu=Gls=—g~ Gas, N=4, [225°/-225°/22.5°/—22.5°], S=10, K*=5/6)

Material Behaviors of a plate
No* Qu 9% E\/E; Deflection Buckling Vibration
(GPa) (GPaj (w*) (k) (2)
++ +++ ++ +++ : ++ +++
3 138.6 14.57 9.517 2.8 2.857 4.2 4.199 2.1 2.049
4 207.6 14.54 14.276 2.6 2.793 4.6 4.296 2.1 2.073
5 43.6 11.94 3.649 3.3 3.348 3.7 3.584 1.9 1.893
7 126.3 25.25 5 2.8 2.708 4.3 4.431 2.1 2.015
8 118.3 6.81 17.39 2.5 2.395 4.8 5.011 2.2 2.239

+  Selection in Table 1.

++  Results read directly from Fig.4, Fig.7, Fig.11

+++ Results calculated according to each material constants.
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