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ARTICLE INFORMATION ABSTRACT

Original Research Paper Studying the behavior of composite materials reveals that various types of failure modes occur when
Received 19 June 2017 material experiences different loading conditions, which may have a significant impact on performance
Accepted 24 September 2017 and properties of a structure. In this research, we study the mechanical response of orthogonal multi-
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vatiable Dniine 27 Lctober layers by considering different failure modes at micro-scale and their development in macro-scale. For

this purpose, the effect of the emergence and growth of fiber separation and subsequent formation of

Keywords:

Micromechanics matrix cracks are investigated in the micro-scale. Furthermore, interlayer separation caused by leaving
Cohesive zone the matrix are studied in macro-scale. To model the separation of fiber matrix which is the first
Matrix cracking dominant failure mode, the sticky area method is used. The model verification and obtained results are

Induced delamination

! compared with the previous research. Then, XFEM method is used to take into account the failure mode
Extended finite element method

of matrix. Finally, using of the sticky area method, we are able to simulate the separation of matrix
layers and the behavior of mechanical properties of cross-ply composites was studied because of matrix
cracking and induced delamination.The FE-program ABAQUS via its user scripting interface (Python)
are employed in this research for modeling of fibers embedded into matrix.
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Cohesive law:

Ta=£16)
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Fig. 1 A schematic model for Cohesive zone and its related damage
mode [26]
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Fig. 2 Three common categories for traction-separation law [26]
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Table 1 Properties of the composite material which has been used for
validation [31]

Fiber (HTA) Matrix (6376)

Ei1 (GPa) 238 3.63
= (GPa) 28 -
E33 (GPa) 28 0.34

Y12 0.23 -

Va3 0.33 -

V31 0.03 -
G (GPa) 24 -
Gz (GPa) 7.2 -
Gsy (GPa) 24 -

Fig. 6 The simulated RVE based on the McCarthy model for validation
in ABAQUS software [31]
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Table 2 Mechanical properties of the composite [24]

Fiber Matrix Ply
(AS4) (8552) (AS4-8552)
Ey; (GPa) 232 5.1 141
E, (GPa) 13 - 14.5
Y12 0.3 0.35 0.32
Y23 0.46 - -
G12 (GPa) 11.3 - 48
Gy3 (GPa) 0.45 - -
o, (MPa) - 121
J
() - 90 220
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Fig. 7 Fracture behavior of the unit cell under the effect of tensile

loading obtained from McCarthy and the presented model in this study

with respect to various levels of the stress [31]
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Fig. 8 Mean value stress graph for initiation of matrix cracking in 90
degree layer with respect to the thickness of different layers and
comparison between theoretical and numerical model which has been
used by Herrraez et. al [24]
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Fig. 11 Stiffness reduction graph for [0/90/0] composite with, 0.2 mm
thickness and under tensile loading and ignoring the effects of
microcracks
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Fig. 9 Modeling view for the thickness of the 3-ply composite [0/90/0]
with 0.2 mm in the finite element software.
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for a [0/90/0] composite with 0.2 mm thickness, before and after the
initiation of cracks in composite thickness direction
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Fig. 10 Stress reduction for a [0/90/0] Composite with 0.2 mm
thickness and under tensile loading in comparison to the linear model
without any failure modes
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Fig. 16 Crack geometry in a thick embedded 90 degree ply
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Fig. 13 Crack density graph for a [0/90/0] composite with 0.2 mm
thickness under the effects of tensile loading
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