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Analysis of First and Last Failure Strengths on Composite
Laminates Using Finite Element Method

Eui-Sup Shin®, Gene Joo™ and Hae-Kyung Lee®

ABSTRACT

A finite element computational procedure is developed for the progressive failure analysis
of composite laminates. This procedure is based on the first - order shear deformation plate
theory providing stress predictions for thin and moderately thick laminates, even in case of
unsymmetric lamination geometry. In order to calculate the interlamina stresses at free edges,
3D solid element is also developed. Connecting regions between these elements are specified,
on which the solutions of the plate meshes are transferred as kinematic boundary conditions
of solid meshes.

Out of various failure criteria, three most representative criteria are selected and compared :
i.e. maximum stress theory, Tsai- Wu criterion, and Hashin’s criterion. As a progressive failure
mechanism, elementwise ply discount method and spring analogy model are adopted. These
methods are effectively combined with the FEM. The termination of failure is determined by
evaluating the decreased determinant of global stiffness matrix.

Various numerical examples are presented to verify the above methods. First ply failure (FPF)
analysis of laminates subjected to bending loads can be achieved. As a result, Hashin’s criteria
predicts reasonable FPF load level with its failure locations and modes in comparison to the
other criteria mentioned above. Finally, we can perform the progressive failure analysis up
to last ply failure (LPF).
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Table 1. Properties of T300/5208 (Graphite/Epoxy) Composites

Elastic Moduli Strength
E, 19.2 x 10%psi X4 2195 x 10° psi
E,.E5 1.56 x 10%psi X_ 246.0 x 10° psi
Vig» Vi3 0.24 Yy 6.35 x 10° psi
Vg 0.49 Y- 6.35 x 10° psi
Gyz » Gig 0.82 x 10%psi S, 12.6 x 10°% psi
Gy 0.49 x 108psi Sq 9.80 x 10° psi
- : Zn 6.35 x 10° psi
A 0005 in So 9.80 x 10° psi

Table 2. FPF Load under Uniform Pressure in [45/-45/90/0/45/90/-45/0]

REDDY[10] PRESENT CODE **
fz”gsg‘ 1by 1(1) | 2 by 2(4) |4 by 4(16)| 2 by 2(1) 4 by 4(6) 8 by 8(28)
c
wsT | 22176 | 21816 20.367 16.597 18.889 19.403
N, .16(2.2)"| N, ,16(2,2) | N, .16(2,2) | 1,1(3,3.1)TM 1,1(3,3,1)TM 1,1(3,3.1)T™
1,1673,3,2)CM 1,16(3.3,2)CM 1,16(3,3,2)CM
Ty | 20028 21.479 20.133 17.302 18.571 17.117
Ne,16(2,2) | N,.16(2,2) | N, .16(2,2) 1.1(3,3,1) 1,16(3,3,2) 1,16(3,3,2)
HAS 15.769 18.711 19.372
1,16(3,3,2)CM 1,16(3,3,2)CM 1,16(3,3,2)CM

% Load Factor(psi) / Element No., Ply No. (Gauss Pt.) Failure Mode
* % Because of m-periodicity, corresponding element No. is omitted.
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Table 3. Failure Strengths under Uniform
Pressure in [45/-45/90/0/45/90/
-45/0]¢

FPF (psi)

15.718 *
2by 2(1) 1,1 TM**
1,16 CM

18.646
4 by 4(8) 1,1 ™
1,16 CM

19.304
8 by 8(28) 1,1 T™
1,16 CM

Mesh(N¢) LPF (psi)

46.593

51.284

52.010

* Load Factor/Element No., Ply No. Failure Mode
* % Because of n-periodicity, corresponding element
No. is omitted.

80 P T T T T T T T T 100
[psi] 4 [%)
50 ‘
r -1 80
a0 ]
s - 60
30 )
c - 40
20 ]
10f 1%
0!1 ]

(¥

Displacement -w0 (in)

Fig. 14. Load-Stiffness-Displacement Relation
in [45/-45/90/0/45/90/-45/0]5

Displacement —~- -w0 at the Center
Stiffness - {det[Klqy/detlK] }

**{1/system D.O.F.}
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Fig.15. Simulations of Failure Propagation in [45/-45/90/0/45/90/-45/0]
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Fig. 16. Failure Strengths with Varying La-
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Fig. 17. Failure Strengths under Uniform
Tensile Loading in [6/0/-0]g
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