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Brittle fracture
of a body with an initial crack
LEFM - linear elastic fracture mechanics
Basic concepts:

Crack
Nucleation (initiation) site
Crack front 
Crack tip

Fracture area
Phases of the fracture process:

1. Nucleation phase  

Initiation of a macroscopic crack
2. Stable crack propagation
Critical crack length, failure by a leakage
3. Unstable crack propagation 

Fracture (fatigue)
Discontinuity vector δ 
characterizing the deformation in the crack front surroundings  

Zero opening 


MODE I (opening)
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MODE II (in-plane shear)


MODE III (out-of-plane shear)
[image: image3.jpg]



 Linear elastic fracture mechanics (LEFM)
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Generalization of the equations
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K-conception
is based on the basic quantity for crack behaviour description, which is called 
stress intensity factor (K-factor)

K-factor can determine
1. Dimensions of the plastic zone
2. Shape of the opened crack
3. Crack driving force  - strain energy released by the crack propagation
Shape of the opened crack 
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Dependence of the ultimate K-factor value 
on the component thickness (type of stress state)
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KCI=KIC = fracture toughness

Example of the dependence of fracture toughness on temperature
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Examples of formulas for K-factor calculation
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Algorithm of the solution of a body with a crack
1. Determination of the crack size
2. Calculation of K-factors
3. Comparison of K-factor values for the individual modes
4. Determination of material characteristics (yield stress σy, fracture toughness KIC)

5. Determination of the plastic zone radius rk
6. Estimation of LEFM applicability
7. Comparison of the  KI  and  KIC  values.
In the case of cyclic loading, the following additional steps can be carried out:
8. Calculation of the critical crack length  ac
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This formula is valid approximately between for 
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(stable crack propagation). 

9.
Estimation of the residual lifetime of the body with the crack

Stable crack propagation under conditions of high cycle fatigue 

The crack growth rate vT depends on the stress intensity factor KI. Between its threshold value Kath and the fracture toughness KIC this dependency (see fig.173) can be described by a linear relation (in logarithmic coordinates), which gives (after mathematical removal of logaritms) the following exponencial relation (called Paris-Erdogan formula): 
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Here the constants c,m depend on the material and the loading cycle character. The allowable number of cycles can then be calculated by integration of this formula: 
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where ΔN represents the number of cycles before the crack achieves its critical (or allowable) length ac (af= ac/FOS), when starting from the initial crack length a0. Stress range Δσ = 2σa corresponding to the stress intensity factor range ΔKI is used here. 
plane stress state


plane strain state




















unstable crack propagation





stable crack propagation
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