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Motivation

Classical mechanics 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)
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Elastic stress field

Crack (Westergaard’s solution)

Fcos(@—%ﬁl—%ﬁg)—
__T'1’l"2

Fcos(@—%ﬁl—%ﬁz)—l—

2

sin@sin{%(@l—l—ﬁz)}_

2

T179

a

2

|

T17T9

sin@sin{%(@l + 6’2)}_
Siﬂ@COS{%(@l‘l_ez)}]



Energy release rate

Griffith’s criterion
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Energy release rate

Griffith’s criterion
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Energy release rate
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Energy release rate

Stability
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Energy release rate

Stability

Unstable propagation Stable propagation
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Stress intensity factor

Modes of fracture

Irwin (1967, 1958)
McClintock & Irwin (1968)




Stress intensity factor

Modes of fracture

Irwin (1967, 1958)
McClintock & Irwin (1968)
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Stress intensity factor

Near crack tip solution 1
(Semi-infinite Crack in an Infinite a <1 0~0,~0
Medium) re~q
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Stress intensity factor

Near crack tip solution e
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Stress intensity factor

Connection to Griffith
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Stress intensity factor

Finite size
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Stress intensity factor

Example A
L=210mm B A4 S o] —
t=01mm(75g/m’) i

a=105mm L . '
N i D 210 mm

210 mm

Ki=4/ma[1122-0231(%)+1055( %) - 21.71 (%) +30.382(4) ]

K= 3.2MPa,/ mm
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Stress intensity factor

Williams' Series Expansion
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Stress intensity factor

Plane strain vs plane stress
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Stress intensity factor

Limitations
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Stress intensity factor

Limitations
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Stress intensity factor

Mode Il
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Theoretical basics

Mode Il

Mode III

(Sommer, 1969)
(Chen et al., 2015)



Ductile fracture

Irwin’s model
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Ductile fracture

Dugdale-Barenblatt modell
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Ductile fracture

Integral J
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Laboratory identification
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Laboratory identification
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Laboratory identification
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Laboratory identification

Digital Image Correlation
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Fatigue fracture
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Fatigue fracture

Paris-Erdogan equation
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Summary

1. Toughness

(resistance against cracking)

2. Critical stress intensity factor

(critical loading)




References

1. Barenblatt, G. I. (1962). The mathematical theory of equilibrium cracks in brittle fracture. *Advances in Applied Mechanics, 7%,
55-129.

2. Bojtar, I. *Térésmechanika [Fracture Mechanics]*. Lecture notes, Budapest University of Technology and Economics,
Department of Structural Mechanics, Budapest.

3. Chen, C.-H., Cambonie, T., Lazarus, V., Nicoli, M., Pons, A. J., & Karma, A. (2015). Crack front segmentation and facet
coarsening in mixed-mode fracture. *Physical Review Letters, 115*(26), 265503.

4. Dugdale, D. S. (1960). Yielding of steel sheets containing slits. *Journal of the Mechanics and Physics of Solids, 8*(2), 100—
104.

5. Erdogan, F., & Sih, G. C. (1963). On the crack extension in plates under plane loading and transverse shear. *Journal of Basic
Engineering, 85*, 519-525.

6.  Griffith, A. A. (1921). The phenomena of rupture and flow in solids. *Philosophical Transactions of the Royal Society of
London, Series A, 221*, 163—198.

7.  Griffith, A. A. (1924). The theory of rupture. In *Proceedings of the First International Congress for Applied Mechanics*, Delft,
55-62.

8. Inglis, C. E. (1913). Stresses in a plate due to the presence of cracks and sharp corners. *Transactions of the Institution of
Naval Architects, 55*, 219-241.

9. Irwin, G. R. (1958). Fracture. In S. Fliigge (Ed.), *Handbuch der Physik, Vol. VI: Elasticity and Plasticity*, 551-590. Berlin:
Springer.

10. Irwin, G. R., Wells, A. A,, Paris, P. C., & Krafft, J. M. (1967). *Basic Aspects of Crack Growth and Fracture*. NRL Report 6598,
U.S. Naval Research Laboratory.

11.  McClintock, F. A., & Irwin, G. R. (1965). Plasticity aspects of fracture mechanics. In *Fracture Toughness Testing and lIts
Applications*, ASTM STP 381, 84—113. Philadelphia: ASTM.

12. Rice, J. R. (1968). A path independent integral and the approximate analysis of strain concentration by notches and cracks.
*Journal of Applied Mechanics, 35%(2), 379-386.

13. Sommer, E. (1969). Formation of fracture ‘lances’ in glass. *Engineering Fracture Mechanics, 1*(3), 539-546. ‘ ‘ ‘

14. Sun, C.T., & Jin, Z.-H. (2012). *Fracture Mechanics*. Waltham, MA: Academic Press.



	Slide 1: Fracture mechanics
	Slide 2: Motivation
	Slide 3: Elastic stress field
	Slide 4: Elastic stress field
	Slide 5: Elastic stress field
	Slide 6: Elastic stress field
	Slide 7: Elastic stress field
	Slide 8: Elastic stress field
	Slide 9: Energy release rate
	Slide 10: Energy release rate
	Slide 11: Energy release rate
	Slide 12: Energy release rate
	Slide 13: Energy release rate
	Slide 14: Stress intensity factor
	Slide 15: Stress intensity factor
	Slide 16: Stress intensity factor
	Slide 17: Stress intensity factor
	Slide 18: Stress intensity factor
	Slide 19: Stress intensity factor
	Slide 20: Stress intensity factor
	Slide 21: Stress intensity factor
	Slide 22: Stress intensity factor
	Slide 23: Stress intensity factor
	Slide 24: Stress intensity factor
	Slide 25: Stress intensity factor
	Slide 26: Theoretical basics
	Slide 27: Ductile fracture
	Slide 28: Ductile fracture
	Slide 29: Ductile fracture
	Slide 30: Laboratory identification
	Slide 31: Laboratory identification
	Slide 32: Laboratory identification
	Slide 33: Laboratory identification
	Slide 34: Fatigue fracture
	Slide 35: Fatigue fracture
	Slide 36: Summary
	Slide 37: References

