WA =R AY, A247A A1E, pp. 269~268,

o = A _
B34 BEAXE 7

aly

i

2000

2R 4%

z:! EH %*. Al_l § ié*t
(1999'd 54 2194 HF)

259

SEDIEEIEE

Prediction of the Onset of Failures in Composite Laminated Plates
with Uncertain Material Properties

Tae-Uk Kim and Hyo-Chol Sin
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Abstract

Because of their superior mechanical properties to isotropic materials, composite laminated plates are
used for many structural applications that require high stiffness-to-weight and strength-to-weight ratios.
Composite materials are always subject to a certain amount of scatter in their elastic moduli, but most
analyses and designs with the materials are usually conducted by assuming that the material properties
are fixed and have no uncertainties. In this paper, a convex modeling approach is introduced to take
account of such uncertainties in elastic moduli. It is used with the finite element method to predict the
onset of failures in composite laminated plates subject to in-plane loading. Numerical results show that
failures begin at the smaller load when the uncertainties of elastic moduli considered; and therefore,
such uncertainties should be considered at the design stage for the safety and reliability of the

structures.
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Table 1 [45/ —45], laminate ( £,,=0.005)

Failure criterion

Interface 1

Interface 2

Hoffman 0.632778 0.942347
(convex modeling) | (0.843179) | (1.260917)

Tsai-Hill 0.629434 0.934848
(convex modeling) { (0.867811) | (1.241138)

Table 2 [90/0], laminate ( £,y=0.004)

Failure criterion Interface 1 | Interface 2
Hoffman 0.189955 0.953813
(convex modeling) | (0.225453) | (1.098020)
Tsai-Hill 0.165837 0.955289
(convex modeling) | (0.200158) | (1.106855)

Table 3 [(/90], laminate ( £,=0.004)

Failure criterion Interface 1 | Interface 2
Hoffman 0.873988 0.145673
(convex modeling) | (1.004869) | (0.172961)
Tsai-Hill 0.874382 | 0.120772
(convex modeling) | (1.046404) | (0.171605)
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Table 4 A(%) for various &,

stacking Hoffman | Tsai-Hill
€x

sequence (%) (%)
[45/—45], | 0001 | 3308 | 3276

0.002 33.53 32.76
0.003 34.12 32.76
0.004 33.76 32.76

0.005 33.81 32.76
{90/01, 0.001 15.19 15.86

0.002 15.14 15.87
0.003 15.13 15.87

0.004 | 1512 15.86
[0/90], | 0001 | 15.00 19.67

0.002 14.98 19.67
0.003 14.98 19.67
0.004 14.98 19.67
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Table 5 Comparison of F, and F_; for

several stacking sequences

stackin,
| Fum | Fow | 4%

0.8142(3) | 0.9219 | 13.23

0.8087(3) | 0.9572 | 18.35
0.8140(1) | 0.9080 | 11.54

0.8122(1) | 0.8614 6.05
0.8673(1) | 0.9681 | 11.61

0.8657(1) | 0.9182 6.06
0.5300(3) | 0.5923 | 11.74

0.5339(3) | 0.7025 | 31.58
0.6394(1) | 0.7209 | 12.73

0.6378(1) | 0.6914 8.39
0.5740(2) | 0.6433 | 12.07

0.5777(2) | 0.7261 | 25.69
0.5174(3) | 0.6213 | 20.09

0.5123(3) | 0.6027 | 17.67
0.9218(1) | 1.0341 | 12.18

0.9200(1) | 0.9825 6.80

sequence

[90/45/-45/0 ]

[90/0/45/-45 ]

[90/45/0/-45 ],
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[0/45/-45/90 ],
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