
Lecture 14

 Transition Fracture 
Toughness Testing and 

Analysis



Idealized Transition 
Toughness



Some Actual Transition Data



Transition Problems

• Scatter in Toughness is very large
• Doing three tests may give high end 

or low end toughness values
• How can a conservative toughness 

value be determined
• Some statistical analysis is needed
• Use Weibull statistical analysis, weak 

link analysis



Statistical Approach

• Use Weibull statistical analysis, weak 
link analysis

• This is combined with a master curve 
analysis

• This works for steels that have a 
transition and have ys  in the range 
of 400 to 800 MPa





Some Changes

• KJc = 

• Above Equation should be: 
• )ln(
• Size adjustment is for weak link 

distribution
• Size N versus 1 has N time the 

chance of a of finding a weak link

•  



 

• )4

• -ln()=)4]

• ln(-ln()=4ln )

•  



Plotting of Test Values



Pf for test points

• Original Pf  = 
•  i is the single value
• N is the total number of points
• 9 tests (0.1, 0.2, …, 0.5, …0.9)

• Spread Pf  = 
• 9 tests (0.074, 0.189, …, 0.5, …

0.926)

•  





Choosing Conservative 
Bounds

• Master curve is Pf  = 0.5 , 50%

• To pick a lower bound choose Pf = 
desired confidence

• Example Pf = 0.05 gives a 5% lower 
bound







Transition Toughness Testing 
Standard



Transition testing Standard

ASTM E1921 - 09a Standard Test Method 
for Determination of Reference 
Temperature, To, for Ferritic Steels in the 
Transition Range



Examples

• Conduct a test at – 100 C, 
• get  = 120  MPam
• Then )ln( = 13.2 MPam

• To = -100 – 13.2  = - 113.2 C

• T = -150,  = 30 + 70exp[0.019(T – To)]

• = 30 + 70exp[0.019(-150+113.2)] = 64.8 
MPam

• T = - 70 C,  = 189

•  
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