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Toughness/crack resistance

i. Basic notations (transition fracture behaviour of 

steels, temperature dependence of strength 

properties, fractography and failure analysis –

basic approach)

ii. (Empirical) tests of toughness/crack resistance 

(Charpy, Pellini diagram, NDTT)

iii. Linear – elastic fracture mechanics – LEFM (Irwin, 

fracture toughness tests), Elastic – plastic fracture 

mechanics EPFM (tests, interpretation)



2

Elastic solutions
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Plain strain condition – plastic deformation 

is limited by triaxial stress field

Elastic – plastic solutions
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Elastic plastic FM J-integral

notch

fatigue crack

fatigue crack tip

Fibrous (ductile) fracture
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Δ, CTOD – crak tip opening 

displacement 

fracture occurs when δ = δc

(materiál characteristics)

Test sample must have the same 

thickness as components

Elastic – plastic fracture mechanics
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KIc ASTM E399 - 1970

δc BS 5765 – 1979

Jc ASTM E813 – 1981

ISO 12135 – Metallic materials – unified test 

method for fracture toughenss determinaton

Elastic – plastic fracture mechanics
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Linear elastic FM
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notch opening, load displacement
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Fracture toughness determination

LELM
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T0

master  curve

temperature dependence of fracture toughness
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temperature and 

loading rate effect

Loading rate effect on KIc



 

  

       gereal 

requirements 

      

               

  single 

value 

     type of 

parameter 

   R-curve   

               

linear 

elastic 

 

 

specimen 

response 

  elastic - 

plastic 

    continuous 

curve 

 

 

type of 

parameter 

 
 

agreed 

estimation 

of 

initiation 

               

KIC    c(B)  u(B) 

  m(B) 

 Jc(B)  Ju(B) 

 Jm(B)  

   R-curve 

desing 

   0,2BL 

J0,2BL 

 

22

Fracture toughness determination ?

Elastic – plastic fracture mechanics
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JR (J-Δa) curve determination


