Energy Release Rate
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A penny-shaped (circular) crack embedded
in a solid subjected to a remote tensile stress.
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(©)
Crack propagation in various types of materials, with the corresponding fracture

energy. (a) ideally brittle material, (b) quasi-brittle elastic-plastic material and, (c)
brittle material with crack meandering and branching.
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E :The total energy

IT :The potential energy of an elastic body
F: The work done by external forces

U : The strain energy stored in the body

W, : The work required to create new surfaces

Irwin defined an energy release rate G, which is a measure of the
energy available for an increment of crack extension:

dII

dA
Since G is obtained from the derivative of a potential, it is also called
the crack extension force or the crack driving force.
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» crack extension occurs when G reaches a critical value, 1.e.,
dw
dA

where G_is a measure of the fracture toughness of the material.

» The potential energy of an elastic body, /7, is defined as follows:

1=U -F
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Joad controlled : Consider a cracked plate that is dead loaded, since
the load is fixed at A, the structure is said to be /oad controlled
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(a)
Cracked plate at a fixed load ~.
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Cracked plate at a fixed displacement A.
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The compliance : the inverse of the plate stiffness cah
P

For both load control and displacement control: G =——
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Double cantilever beam (DCB) specimen.
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R : the material resistance to crack extension

Crack extension occurs when G = 2w/, ; but crack growth may be
stable or unstable, depending on how G and w;vary with crack size.

A plot of Rvs. crack extension is called a resistance curve or R curve.
The corresponding plot of G vs. crack extension is the ariving force curve.
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Schematic driving force vs. R curve diagrams (a) flat / curve and (b) rising /R curve.
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The conditions for stable crack growth can be expressed as follows:

G R and dG sd R
da da

dG . dR

Unstable crack growth occurs when da da
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