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Failure Predictions of Composite Plates
with Pin Loaded Hole using Penalty Finite Element Method

Jin Hee Kim®, Nam Seo Goo* and Seung Jo Kim**

ABSTRACT

Failure strengths and failure modes of laminated composite plates with pin loaded hole are
predicted. Contact problems are formulated by using an extended interior penalty method and
solved to obtain contact pressures and contact angles by finite element method. Stresses of
each lamina are obtained by classical lamination theory. To predict failure strengths and failure
modes, Yamada-Sun failure criterion and Tsai-Wu failure criterion are checked on the chara-
cteristic curve. The predicted failure strengths and failure modes are in fair agreement with
experimental results.
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Fig. 1. Typical Characteristic Curve
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Fig.2. Geometry Definition of Composite Laminate
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Table 1. Characteristic Lengths for the Various Laminates CORES
Present Study
£47o
= Ref. (7 Yamada-Sun Tsai-Wu
Al 2% Ry Re Ry Re Ry Re
Case 1 0.0195 0.07. .| 0.0147 0.0850 | __0.0715 0.0910
[0°/4 45°/90° 155 .
Case I 0.0155 0.08 0.0103 0.0574 0.1094 0.0816
[90°% /4 60°/+ 30° g
Case I 0.0135 0.09 0.0147 0.0574 0.0628 0.0911
[0°/4 45°/90° Iag

Table 2. Specifics for Each of the Laminates
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REEX: U D L t E
1 A8 | 0,1250 5.0 0.125 | 0.375
29 AlH| | 0.1873 7.0 0.125 | 0.375
3 Al | 0.5000 7.0 0.125 | 1.500
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Table 3. (Continued)

W Pav Present Study Pef Me Present Study Mt
A HEH (in) (b Y-S T-W ) Y-S | T-W
13 A9 0.38625 1725 1986.2 | 2659.2 2154 T T S T
2w A9 0.7065 2890 2632.0 | 3096.5 2781 T T S T
3 A4 1.4727 4920 4915.8 | 5989.6 4940 T T T T
4 A9 2.9687 4825 5533.9 6247.6 5343 B S S B
a) CASE I
w Pavg Present Study Pef Me Present Study Mcf
A HEE (in) (Ib) Y-S T-W (b) Y-S | T-W
1 Al 0.38675 1130 1211.7 | 1721.3 1493 T T T T
2% Al 0. 74475 2150 1774.9 2441.5 2108 T T S B
3 A9 1.4585 3575 3365.0 | 3838.0 3736 T T S B
44 A4 2.4475 4981 3984.3 5319.7 3672 B B S B
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