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OutlineOutline

IntroductionIntroduction

Experimental testsExperimental tests

Modelling Modelling delaminationdelamination

Bilinear and 3Bilinear and 3rdrd order polynomial constitutive lawsorder polynomial constitutive laws

Comparison and ApplicationsComparison and Applications

ConclusionsConclusions



Applications

Mode I

2323rdrd September 2004September 2004 33

E
x
p
e
ri
m
e
n
ta
l

Conclusions

Introduction

M
o
d
e
ll
in
g

Mode II

Mixed

Mode

Comparison

Bilinear

3rd Order

 

IntroductionIntroduction

Failure modesFailure modes

DelaminationDelamination ((interlaminarinterlaminar crack growth)crack growth)

20mm
10mm

Other failure modes…Other failure modes…
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ExperimentalExperimental

Mode II (Shearing mode)Mode II (Shearing mode)

 

4ENF test
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ExperimentalExperimental

Mixed mode I and IIMixed mode I and II
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ExperimentalExperimental

Propagation lawPropagation law
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More details…More details…
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ModellingModelling

IntroductionIntroduction

DelaminationDelamination is modelled using finite elementsis modelled using finite elements

An interface element is implemented in the An interface element is implemented in the 

code LScode LS--DynaDyna
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ModellingModelling

Bilinear law Bilinear law –– Mode IIMode II
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ModellingModelling

Bilinear law Bilinear law –– MixedMixed--Mode I and IIMode I and II

Stress Stress 

displacement displacement 

curvescurves
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ModellingModelling

33rdrd order polynomial laworder polynomial law

Doesn’t have any discontinuity point (stability)Doesn’t have any discontinuity point (stability)
Go to Equations…Go to Equations…
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ModellingModelling

Stability Stability -- ComparisonComparison

Bilinear Bilinear -- UnstableUnstable 33rdrd order order -- StableStable
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ModellingModelling

Mode I application: DCB testMode I application: DCB test
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ModellingModelling

Mode I application: DCB testMode I application: DCB test
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ModellingModelling

Mode II application: 4ENF testMode II application: 4ENF test
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ModellingModelling

Mode II application: 4ENF testMode II application: 4ENF test
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ModellingModelling

MixedMixed--Mode I and II application: MMB testMode I and II application: MMB test
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ModellingModelling

MixedMixed--Mode I and II application: MMB testMode I and II application: MMB test
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Summary Summary && ConclusionsConclusions

1/21/2

An interface element has been formulated and An interface element has been formulated and 

implemented in the code LSimplemented in the code LS--DynaDyna

It has been validated against obtained It has been validated against obtained 

experimental data and analytical resultsexperimental data and analytical results
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Summary Summary && ConclusionsConclusions

2/22/2

Advantages when modelling Advantages when modelling delaminationdelamination::

Energy absorbed correctly accounted forEnergy absorbed correctly accounted for

MeshMesh--independentindependent

No need to specify the mode of crack growthNo need to specify the mode of crack growth

No need to know if there is going to be No need to know if there is going to be delaminationdelamination

Explicit code Explicit code →→ complex structures can be modelledcomplex structures can be modelled

Disadvantages:Disadvantages:

Adds to the complexity of the modelAdds to the complexity of the model

Numerical instabilitiesNumerical instabilities

Computational time increasedComputational time increased
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DelaminationDelamination -- ExperimentalExperimental

Mode IMode I
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DelaminationDelamination -- ExperimentalExperimental

Mode IIMode II
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DelaminationDelamination -- ModellingModelling

Curve lawCurve law

Go back…Go back…
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DelaminationDelamination -- ModellingModelling

Curve lawCurve law

Go back…Go back…
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Crash eventsCrash events


