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Fracture Analysis of Notched Laminated Composites using
Cohesive Zone Modeling

Kyeongsik Woo*', Douglas S. Cairns**

ABSTRACT: In this paper, fracture behavior of laminated composites with notch was studied by cohesive zone
modeling approach. The numerical modeling proceeded by first generating 3 dimensional solid element meshes for
notched laminated composite coupon configurations. Then cohesive elements representing failure modes of fiber
fracture, matrix cracking and delamination were inserted between bulk elements in all regions where the
corresponding failures were likely to occur. Next, progressive failure analyses were performed simulating uniaxial
tensile tests. The numerical results were compared to those by experiment available in the literature for verification of
the analysis approach. Finally, notched laminated composite configurations with selected stacking sequences were
analyzed and the failure behavior was carefully examined focusing on the failure initiation and progression and the
dominating failure modes.
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Fig. 1. Notched laminated composite tensile specimen configu-
ration
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(a) bulk elements for [0/90] (b) bulk elements for [0/45]

fiber failure (COH3DS)

matrix failure (COH3D8)

delamination (COH3D8)
(c) CZEs for [0/90]

delamination (COH3DG6)
(d) CZEs for [0/45]

Fig. 2. Insertion of cohesive elements for [0/90] and [0/45] lami-
nates
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Fig. 3. Composition of finite element mesh
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Fig. 4. Triangular traction-separation law

Table 1. Elastic properties of E-glass/918 lamina [22]
E, E),=E;; G,=Gy; Gy
(GPa) (GPa) (GPa) (GPa)
43.9 15.4 0.3 0.4 4.34 3.2

Vi2=Vi3 Vas

Table 2. TSL properties

G G T, T,
(N/mm) (N/mm) (MPa) (MPa)
Fiber 50 - 1150 -
Matrix 0.25 1.0 40 75
Delamination 0.25 1.0 40 75
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Fig. 5. Nominal stress-strain curve for [90/0], notched tensile
specimen configuration
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(b) G2

Fig. 11. History of stress distribution of 90° ply on S, plane for
[45/90/-45]; configuration (Deformation scale factor = 5)

(a) G922

(a) between 45°~90° (b) between —45°~90°

Fig. 12. History of delamination for [45/90/-45], configuration
(Deformation scale factor = 5)
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