Crack propagation
and
crack path















Fracture toughness

Fracture toughness characterizes the resistance of a material to fracture.

When the stress intensity factor reaches a critical value, crack starts to grow,

K;. = l;ac\/na

Remote stress

Fracture toughness is the critical stress intensity factor, as a material
constant. It is independent on the loading conditions and crack length. We
measure it from experiments.







But what about an inclined crack?













How to predict the crack path?
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* To predict the crack path, we first need to
know the stress field near the crack tip.

* Since this is a mixed-mode problem, let’s
first look at the stress field for each mode.

* Then we combine the stress field together to
analysis.
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Stress field at the crack tip in terms of K;:
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Stress field at the crack tip in terms of K;:
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Mode |l stress field- Polar coordinate
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Stress field at the crack tip in terms of K,;:
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Maximum hoop stress criterion

* Crack begins to extend from the tip in the direction along with maximum hoop stress.

* Maximum tensile stress along the hoop direction, no shear stress (principal stress).
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Physical meaning

* The crack tends to propagate normal to the applied stress, in pure Mode | loading.
* No shear stress, think of principal stress.



Physical meaning from math
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Physical meaning from math
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Maximum hoop stress criterion

Stress field at the crack tip in terms of K;:
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Stress field at the crack tip in terms of K;;:
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Stress field at the crack tip in terms of K: Stress field at the crack tip in terms of K;:
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Maximum hoop stress criterion
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For uniaxial loading




For uniaxial loading




For uniaxial loading
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For uniaxial loading
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How does 6 change with 7
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The relation between a — [




The relation between a — f
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The relation betweena — f
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The relation between a — f




How about these ones?

Tension a“* Compression g
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No crack propagation! Axial splitting !

Due to local
buckling.
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Uniaxial compression on an inclined crack
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Crack path for compression
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Biaxial loading
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Biaxial loading
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Crack direction
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Appendix-derivation of 6
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Appendix-derivation of 6
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Appendix-derivation of 6
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Appendix-derivation of 6
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