
Lecture 11

Nonlinear Fracture Mechanics 
Concepts



Limits of linear-elastic FM

1.  When large amounts of plasticity occur, K no longer 
characterizes the crack-tip stress field and is no longer 
a valid fracture parameter.

2. This limit can be determined with a plastic zone 
calculation or by the shape of the load versus 
displacement curve

3. When this happens, another approach is needed
• An adjustment to K
• A new parameter, J or CTOD, 





K adjustment schemes

1. Plastic zone correction

2. Dugdale strip yield model

3. Limit load







Limit Load

1 Limit load calculation approximates the  
point where maximum load is reached

2 It is usually based on an assumption of 
perfect plasticity, no strain hardening

3 Limit load is based on the Upper and 
Lower bound theorems in plasticity



Historical development of Elastic-
Plastic Fracture mechanics, EPFM

1. CTOD, , Wells early 1960’s

2. J integral, late 1960’s

3. Standards
• BSI, CTOD, 1979

• ASTM, JIc, 1981

• ASTM, J-R curve, 1987

• ASTM CTOD, 1989











J Solutions

1. Path integral – numerical work

2. Energy rate – experimental work

3. Handbook of J solutions



J based fracture toughness

1 JIc replaces KIc as the toughness criterion for 
EPFM

2 JIc is a specific point on the R curve, called the 
J-R curve

3 It is determined by a construction procedure

4  The more general fracture toughness 
characterization is the J-R curve
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