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Stress state at delamination tip†
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Shear cusp imprint angle (ϕ) is the plane 
orthogonal to σR – i.e. the mode (I/II) mixity.

Inclined cracks lead to shear cusps – 
characteristic of mode II & mode I/II delamination
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†Greenhalgh, Failure analysis and fractography of polymer composites, Elsevier, 2009.

mailto:e.greenhalgh@imperial.ac.uk
https://www-sciencedirect-com.iclibezp1.cc.ic.ac.uk/book/edited-volume/9781845692179/failure-analysis-and-fractography-of-polymer-composites?trk=public_post_comment-text
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Directionality and Migration
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Fundamental rule – delaminations preferably grow in the fibre direction†.

If drive delamination to grow at an angle to the fibre direction – migrate to new ply interface‡

Insert

†Singh & Greenhalgh, Plastics, Rubber and Composites, 1998;27:220–6.
‡Greenhalgh, Rogers & Robinson, CSTE, 2009: 69(14): 2345-2351.

https://doi-org.iclibezp1.cc.ic.ac.uk/10.1016/j.compscitech.2009.01.034
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Implications of Migration – Embedded Delamination†
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†Greenhalgh, Rogers & Robinson, CSTE, 2009: 69(14): 2345-2351.

https://doi-org.iclibezp1.cc.ic.ac.uk/10.1016/j.compscitech.2009.01.034
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Define (local) mode II and mode III with respect to fibre direction.

Translate global mode II & III into local axial (mode ii) and 
transverse (mode iii) shears w.r.t fibre direction (α)‡

Global conditions

𝑮𝑮𝑰𝑰𝑰𝑰

𝑮𝑮𝑰𝑰𝑰𝑰𝑰𝑰

Local (w.r.t. fibre) conditions
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†Canturri, Greenhalgh, Pinho & Ankersen, Composite A, 2013: 54: 79-87.
‡Canturri, Greenhalgh & Pinho, CSTE, 2014: 105: 102-109.

Giii<<Gii Giii~Gii Giii>>Gii

ψ

Cusp rotation w.r.t fibres (ψ) gives measure of Giii/Gii

ψ

Ψ ∼ 90° Ψ ∼ 0°

ψ

Ψ ∼ 70°−20°

https://doi-org.iclibezp1.cc.ic.ac.uk/10.1016/j.compositesa.2013.07.004
https://doi-org.iclibezp1.cc.ic.ac.uk/10.1016/j.compscitech.2014.10.001
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What growth direction angle, with respect to the fibres, promotes migration?

Critical Giii/Gii for migration ~ 0.26 

50 µm
Giii<<Gii

No migration 50 µm
Giii ~ Gii

Migration 

Migration site at insert edge defines local mode-mixity 
(Giii/Gii) condition for migration to manifest.

Ultrasonic Scan Exposed surface

Clamp

Insert at  
-45˚/ +45˚

WTELS† - local mode-mixity (ii/iii) varies across insert width.

†Canturri, Greenhalgh, Pinho & Ankersen, Composite A, 2013: 54: 79-87.
‡Canturri, Greenhalgh & Pinho, CSTE, 2014: 105: 102-109.
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