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In this paper, first, the process of modeling the delamination due to the traditional drilling process with
twist bit in composite laminates in the finite element bed has been described and the drilling results in a
laminate have been investigated. Then, the mechanical behavior of this laminate containing the
delamination was studied under uniaxial loading and the results of the analysis were compared with the
literature. For this analysis, the mechanical and strength properties and behavior of the composite layers
were assigned by writing the structural laws of anisotropic materials and the Hashin damage criterion,
respectively, in the form of VUMAT subroutine in ABAQUS software. To monitor the delamination
phenomenon, cohesive elements between the layers were used based on the bilinear traction-separation law.
There was a good agreement between the results of the present finite element analysis and the previous
researches. In the following, the behavior of drilled composite laminate containing primary drilling-induced
delamination under tensile and compressive loads was investigated. The results show that in the case where
the initial delamination was applied around the hole, the tensile and compressive strength of the laminate
decrease by 5.5 and 19.5 percent on average, respectively, compared to the case where the drilled plate was
analysed regardless of the initial delamination. The larger the delamination area, the greater the strength
drop.
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End of subroutine

Fig. 3 Algorithm for implementing progressive damage in laminated
composites in the form of VUMAT subroutine
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Table 2 Anisotropic properties of T300/LTM45-EL unidirectional
carbon/epoxy composite (GPa) [9]

— 0 0 _ 0 0 _ 0 0
V23 V12 = V13 Gz Gy, = Gr3 Ez = Ez3 ETy

0.45 0.31 4 5.6 9.1 127
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Table 3 Strengths of T300/LTM45-EL unidirectional carbon/epoxy
composite (MPa) [9]
S13 = Sp3 S12 Ye Yr Xc Xr
210 115 214 111 1690 2720
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Fig. 7 (a) Three-dimensional model of drilling-induced delamination,
(b) Approximation of the delamination area by adapting the smallest
ellipse, (c) Placement of cohesive layers containing primary
delamination between composite layers
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Fig. 10 (a) Consideration of a single-element of laminate to perform
subroutine validation process, (b) Boundary conditions and loading
on the single-element (c) Force-displacement curve in longitudinal
loadings of single element.
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Fig. 13 Specimen used to validate the tensile test of a drilled laminate
without initial delamination [16]
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Fig. 14 Force-displacement diagram for validation of tensile loading on
the drilled laminate without initial delamination
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Fig. 11 The shape and size of delamination at the inlet and outlet of
the drill: (a) experimental test ([9]), (b) finite element analysis in the
reference [9], (c) the present finite element analysis.
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Fig. 17 (a) Force-displacement diagram, (b) Diagram of relative
strength loss of drilled composite laminate with and without primary
delamination
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Fig. 15 Specimen used to validate the compression test of a drilled
laminate without initial delamination [30]
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Fig. 16 Stress-displacement diagram for validation of compressive
loading on the drilled laminate without initial delamination
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Fig. 18 Damage variable in drilled laminate containing primary
delamination under compressive load
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