
Lecture 12

Ductile Fracture Testing



Ductile fracture toughness

1 Ductile fracture is a mechanism of failure in a material 
which occurs by the initiation, growth and coalescence 
of voids

2 Ductile  fracture is a process rather than an event; 
therefore it is better characterized by a curve than a 
single point

3 The curve is a plot of a fracture parameter versus crack 
extension, called the crack growth resistance curve or 
R curve

4 J or CTOD, , are the fracture parameters used







Concept of crack initiation in ductile 
fracture

1. JIc is the value of fracture toughness near the 
initiation of slow, stable crack growth for 
metallic materials

2. The concept of the first point of initiation 
versus an engineering estimate, analogy to the 
tensile test, ys

3. J is determined from a J-R curve using a set of 
construction and analysis rules







Basic need for a ductile fracture 
toughness test

1 Load versus displacement data with a 
measurement of crack extension

2 Formulas to calculate the fracture parameters; 
J or CTOD

3 Special plotting of construction if an initiation 
point is desired

4 Qualification or validity requirements

























Latest Combined Standard

• ASTM E1820 - 08a Standard Test 
Method for Measurement of Fracture 
Toughness















Latest CTOD Standard

• ASTM E1290 - 08 Standard Test Method 
for Crack-Tip Opening Displacement 
(CTOD) Fracture Toughness 
Measurement



Choices in fracture characterization

1 Deformation behavior
• Linear-elastic versus elastic plastic
• Determines fracture parameter

2 Fracture behavior
• Ductile versus brittle
• Determines type of fracture

3 Constraint
• Plane strain versus plane stress
• Determines fracture toughness values



























Latest Transition Toughness 
Standard

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



da/dN vs J 

• For cyclic loading that occurs at load 
levels above a LEFM limit, a da/dN vs J 
characterization can be used

• There is no standard test method for this
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