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Course Outline and Schedule
Day 1

• November 7, 2016

 

• Lecture 1: 1400-1500

• Fracture mechanics background and analytical tools

• Lecture 2: 1530-1630

• Workshop 1: Determining fracture mechanics parameters 

 

 

 

•  

•  

•  



Day 2

• November 8, 2016

 

• Lecture 3: 1400-1500
• Fracture toughness testing 

 

• Lecture 4: 1530-1630
• Workshop 2: Fracture toughness data and properties

 

 

 

•  
•  

•  
•  

• Lecture 20: 1530-1700

• Examination/Assessment/Evaluation



Day 3

• November 9, 2016

• Lecture 5: 1400-1500

• Fatigue concepts, testing and properties

 

• Lecture 6: 1530-1630

• Workshop 3: Analysis of fracture and fatigue data

 

 

 

•  

•  

•  



Day 4

• November 10, 2016

• Lecture 7: 1400-1500

• Environmental effects in fracture and fatigue

• Lecture 8: 1530-1630

• Fracture mechanics applications 

 



Day 5

• November 11, 2016

• Lecture 9: 1400-1500

• Workshop 4:  Fracture and fatigue analysis of 
engineering structures

• Lecture 10: 1530-1630

• Case studies in fracture and fatigue



Day 6

• November 14, 2016

 

• Lecture 11: 1400-1500

• Nonlinear fracture mechanics parameters

 

• Lecture 12: 1530-1630
• Nonlinear fracture and fatigue testing

 

 

 



Day 7

• November 15, 2016

 

• Lecture 13: 1400-1500

• Workshop 6:  Analyzing nonlinear fracture mechanics 
test results

 

• Lecture 14: 1530-1630

• Transition fracture toughness and analysis

 



Day 8

• November 16, 2016

 
• Lecture 15: 1400-1500
• Nonlinear fracture mechanics applications

 
• Lecture 16: 1530-1630
• Workshop 5: Using nonlinear fracture mechanics 

applications

 

 



Day 9

• November 17, 2016

 

• Lecture 17: 1400-1500

• Standard updates, sortware and new trends 

 

• Lecture 18: 1530-1630

• New trends in research



Day 10

• November 18, 2016

• Lecture 19: 1400-1500

• Workshop 6:  Discussion of problems contributed by 
students

 

• Lecture 20: 1530-1700

• Examination/Assessment/Evaluation

















Course Objectives

1. Learn the importance of using a fracture mechanics approach

2. Understand some basic principles

3. Learn basic methods of testing and data analysis

4. Solve basic problems like critical defect size and life prediction

5. Learn where to get help with fracture problems



Introduction to Fracture Mechanics

• Definition: Technology that deals with the 
effect of defects on the load bearing 
capacity of materials and structures.

• Assumptions
1.Defects may be present in materials and 

structures

2.Approaches to predicting failure that do not 
consider these defects are not adequate



Fracture Mechanics versus 
Conventional Approaches

1. Conventional approach

No consideration of the defect in the material
2. Fracture mechanics approach

Defect is considered

Stress
Yield Strength

Ultimate tensile Strength

Stress

Defect size

Fracture Toughness



Types of Defects

A. Microstructural
Dislocations, voids, inclusions, grain 
boundaries, second phase particles

B. Macrostructural
1. Notches, discontinuities, material 

boundaries

2. Sharp cracks



Types of Defects, Cont’d

• Technology is not available to treat 
each case separately; defects are 
treated as

a) Notches - stress riser

b) Sharp crack - stress singularity
(this is a fundamental assumption of 
fracture mechanics)



Need for Fracture Mechanics

1. Economic
• Cost of failures in the USA 1982 - $132B/yr
• Savings possible -> 50% using new 

technology

2. Failures
• Historical - Molasses tank
• World War II ships
• Modern



Boston Molasses Tank Failure



Barge Failure



Post WW II Failures

1. 1950’s Comet Aircraft

2. 1967 Point Pleasant Bridge, Ohio - W. VA

3. 1972 IOS Barge

4. 1960’s Polaris Missiles

5. 1960’s Submarine pressure vessels

6. 1970’s F-111 aircraft

7. Minneapolis I-35 W bridge



Fatigue Failure of a 737 
Airplane



Point Pleasant Bridge Collapse

Bridge similar to
Point Pleasant

Bridge after collapse



NASA rocket motor casing failure



George Irwin



Advantages of Fracture 
Mechanics

1. Quantitative analysis
2. Allows assessment of:

a) Structural life
b) Safety factors
c) Inspection criteria

3. Combines design information
a) Defect characterization
b) Stresses
c) Materials properties
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