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Motivation

Classical mechanics
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Fracture mechanics
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Elastic stress field

Circular inclusion (Airy stress function)
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Elastic stress field

Circular inclusion (Airy stress function) – Boundary conditions
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Elastic stress field

Circular inclusion (Airy stress function)
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Elastic stress field

Circular inclusion (Airy stress function)
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Elastic stress field

Elliptic stress field (Inglis’s solution)

Inglis (1913)
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Elastic stress field

Crack (Westergaard’s solution)
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Energy release rate

Griffith’s criterion

Griffith (1921,1924)

(plane strain)
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Energy release rate

Griffith’s criterion

Griffith (1921,1924)
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Energy release rate

Graphical interpretation

Griffith (1921,1924)

Displacement controlled Force controlled
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Energy release rate

Stability
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Energy release rate

Stability

Unstable propagation Stable propagation



Stress intensity factor
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Modes of fracture

Irwin (1967, 1958)

McClintock & Irwin (1968)



Stress intensity factor
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Modes of fracture

Irwin (1967, 1958)

McClintock & Irwin (1968)



Stress intensity factor
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Near crack tip solution

(Semi-infinite Crack in an Infinite 

Medium)



Stress intensity factor
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Near crack tip solution

(Semi-infinite Crack in an Infinite 

Medium)
Irwin (1967, 1958)

McClintock & Irwin (1968)
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Stress intensity factor
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Connection to Griffith

plane strain



Stress intensity factor
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Finite size



Stress intensity factor
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Example



Stress intensity factor
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Williams' Series Expansion



Stress intensity factor
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Plane strain vs plane stress



Stress intensity factor
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Limitations
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Stress intensity factor

Limitations
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Stress intensity factor

Mode II

(Erdogan & Sih, 1963)
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Theoretical basics

Mode III

(Sommer, 1969)

(Chen et al., 2015)

a b c
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Ductile fracture

Irwin’s model
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Ductile fracture

Dugdale-Barenblatt modell

cohesive zone
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Ductile fracture

Integral J

Rice (1968)
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Laboratory identification
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Laboratory identification

• Crack tip geometry

• Manufacturing

• Sampling

Single-edge notch-bending specimen
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Laboratory identification

Force

Displacement
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Laboratory identification

Digital Image Correlation
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Fatigue fracture
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Fatigue fracture

Rapid fracture
Paris-Erdogan equation

Limit

Stacionary 

state



Summary
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1. Toughness

(resistance against cracking)

2. Critical stress intensity factor

(critical loading)
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