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Development of the Virtual Crack Closure Technique using Layer Wise
theory for Delamination Propagation of a Composite Beam in Mode I
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Due to the sensitivity of the results in the delamination area of composite laminates, it is necessary to use
accurate theories that include all components of stress to study this area. For this purpose, in the present
study, the virtual crack closure technique based on layer wise theory has been developed to analyze the
propagation of delamination in a composite beam. The strain energy release rate in mode | is determined
based on the properties of the material and an algorithm is proposed to implement the method. The
present method has been implemented numerically in MATLAB software on a 2D and 3D Double
Cantilever Beam (DCB). In order to validate the method, it has been compared with the results of
previous works based on Finite Element method. An analytical solution to the problem is also presented
and compared with the results of the present work. The force-displacement behavior of a DCB composite
beam is analyzed, which indicates the suitable capability of this method in the analysis of propagation of
delamination, and the computations are reduced relative to the three-dimensional Finite Element.
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Fig. 6 Dimensions of the studied composite beam, boundary
conditions and pre-crack area in the structure [35]
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Fig. 5 Flowchart of Numerical implementation of the developed
method
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Fig. 8 Comparison of the force-displacement curve obtained from the
developed method (VCCT-Layer wise) and Abaqus software (VCCT-
FE) for composite DCB in 3D
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Table 2 Mechanical properties of experimental specimens in Ref.[36]

E; (N/mm?*) E; (N/mm?*) E; (N/mm?*)
193382 6056 4500
Gz (N/mm*) Ga3 (N/mm?) G3; (N/mm?)
4452 3561 3561
Vi2 Va3 Vi3
0.246 0.196 0.196
Gic(N/mm) Gpc(N/mm)
0.3880 0.8472

Ol cod W g adpdy &j5e S5 gilme (S A S5 65,0
@l wsbee a8)F )0 sgame ladbS S gilre adaney )
31 ol s 14 g [35] a3t Jal5 ke ot gl oo
ool dngi gy (rimione Sln el e S g oo )13 05 e
Jelo @l o lanalie 005 (A S 68 p e 0
Rl a5 0 IS8 o ol Gulul  o0e g5l esly 5 )R
7l 0T aY-S 5 silre padaiey By, Ceeii el 485 O 50
205 1,216 UKo (550 Ll b (gom 59 (SmjseelS

Gl a5 ol T eaias lis 7 UK [0 plule—g,05 jloges gl
P )0 Sy ()58 b annlie jo dgame ylall 5l eolaiul L o5
Ssry Rl )0 S5 gilme GAd dy ST ok Jge b xS
ol

a5 ol 2 i 5o a5 lo S 4 Ll slasany Jse 8 9p5e cnl o
oS o Sl pbrlrmg s lagiie ;5 g5 ke w5 eslitl
ilse 5 ol el 4 45 sl

Jokie 4 2 idu 50 ol a8l slo 5 8 Ll sos Jge,8 dslsl yo
20,5 ooliiwl gam aw > o oy lEte adgo o S o 5 U]
SSF il oS By e sileasky @S o lamlie
3 St Sl o sgame GlalbS 5 (ilne bty by 9 oS0
ol 00 o0ls ls 8 s

b aolie ol slalie ,Ld, sS4y (6,05 1 @omaw o> o
STl eslital b S5 b, g palae GBS e 3 game ool

A oo lis S (g5l s At

N W W s AU
v © U o »u O
SD
S
SS
\)
[
1
-
14
U
L/
7

=~

Force (N)
= = N
o [0, o

VCCT-Layer wise (2D)
------- VCCT-FE (2D)

w

2
Displacement (mm)

Fig. 7 Comparison of the force-displacement curve obtained from the
developed method (VCCT-Layer wise) and Abaqus software (VCCT-
FE) for composite DCB in 2D
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the developed method (VCCT-Layer wise) and the results of
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