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Objectives 

 

As an introductory course, the programme is focused on the essential concepts and analytical methods 
of fracture mechanics, providing a practical understanding of fatigue and fracture calculations. Related 
subjects such as damage tolerance analysis, reliability, and risked-based inspection will also be 
discussed. You will learn: 
- The underlying assumptions and limitations of fracture mechanics  
- Material selection for fatigue and fracture resistance  
- How to perform simple to moderately complex fracture mechanics calculations  
- Codified procedures for flaw evaluation 
It is essential for the following objectives of the Degree: 
Obj 1. Learning and understanding the scientific foundations of materials and the relationship between 
structure, properties, processing and applications. 
Obj 3. Learning the mechanical, electronic, chemical and biological behaviour of materials and its 
application to the design, calculation and modelling of the elements, components and equipments. 
Obj 5. Developing capacities to innovate, design and produce new materials and to synthetize, through 
alternative procedures, conventional materials to improve competitiveness or to solve social and 
environmental problems. 
Obj 6. Promote the interest for scientific research.   
 

 

 
Prerequirements 

 

 No-prerequirements 
 

 

 
Previous knowledge recommended 

 

Mathematical, Physical and Mechanical foundations of Materials Science 
Mechanics of Materials I, II and III  
 

 

 
Coordination with other subjects 

 

 Mechanics of Materials I, II and III 
 

 

 
Generic Competencies 

 

  
CG1, English communication skills 
CG2, Team work capacity  
CG3, Spoken and written communication  
CG4, Usage of CIT 
CG11, Responsibility and professional ethics 
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Objetivos, destrezas y competencias específicas (PLAN DE ESTUDIOS) 

 

  
CE2, Modelling the materials behaviour  
CE5, Capacity of autonomous learning  
 

 

 
Contents and Schedule 
 

 

 
The contents of the course are shown in the following table. Student attendance is divided in theory and 
practical lessons (LM), assisted resolution of problems (RP), practical work in the laboratory (LB) and 
evaluation tests (EV). There is also a final evaluation test. 
 
The students will make several individual works (TI) and a team work (TG). Some of them will require the 
usage of computer tools, such as worksheets. 
 
 
Week Tema (LM) RP LB EV Trabajo

1 

1. Example. Introduction 
Differences between plastic instability and fracture. Elastic energy and 
complementary energy. Energy balance in crack growth. Fracture 
energy, R. Energy release rate, G.  
2. Computation of the energy release rate G (I)  
Computation of G in bidimensional linear elastic problems. 

2h  

  

2 

3. Computation of the energy release rate G (II) 
Nonlinear elasticity: the Rice J-integral. The experimental determination 
of G. 
4. Measurement of the material resistance to crack 
extension, R (I) 
Measurement of resistance to crack growth: phenomenological factors. 
Direct measurement of R. Measurement based on the force-
displacement curve. 

2h 2h 

  

3 
5. Measurement of the material resistance to crack 
extension, R (II) 
ASTM-E813 standard test method. 

2h  Evaluation
1.5 h  

4 

6. The local approach (Stress-Intensity approach) 
Stress fields and displacements at the crack tip region. Stress intensity 
factors. Physical interpretation. Relationship between K and G. Fracture 
criteria expressed in terms of stress intensity factors. Fracture toughness. 
7. Computation of the stress intensity factor K (I) 
Analytical methods for the determination of K. 

2h  

  

5 

8. Computation of stress intensity factor K (II) 
Numerical methods for the determination of K. 
9. Computation of stress intensity factor K (III) 
Experimental methods for the determination of K. 

2h  

  

6 

10. Measurement of the fracture toughness KIc (I) 
Influence of sample dimensions, temperature and the velocity of 
solicitation in the critical value of K. Normalised tests to measure the 
fracture toughness KIc. 
11. Measurement of the fracture toughness KIc (II) 
ASTM-E399 standard test method. 

2h  

  

7 
12. Crack growth due to fatigue. 
Introduction. Fatigue crack initiation. The crack propagation threshold. 2h  

Evaluation
 (1.5 h)  
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8 

13. Fatigue with constant amplitude loading 
Fatigue crack propagation under constant amplitude. The Paris equation. 
The Forman equation. Small cracks. The crack closure effect. The 
equivalence principle. 
14. Fatigue with variable amplitude loading 
Computation of the fatigue life of an element subjected to constant 
amplitude loading. The effect of overloading. Crack propagation at 
variable amplitude. The Palmgren-Miner rule. The equivalent amplitude 
method. Methods that take into account the load application sequence. 

2h  

  

9 

15. Stress corrosion crack growth 
Introduction. Phenomenology: test duration. Stress corrosion crack 
propagation. The KISCC parameter. Test methods. Classification of the 
aggressive environment. Prevention measures. 
16. Corrosion fatigue crack growth 
Introduction. Phenomenological factors. Crack growth initiation. Crack 
propagation: the Wei model. Influence of wave frequency and form. 
Protection methods. 

2h  

  

10 
17. Crack growth due to elastic limit / yield stress 
Introduction. Areas in the proximity of the crack. The yield stress zone. 
Integral C. Characteristic time 

2h  Evaluation
 (1.5h)  

11 

18. Plastic zone correction of linear elastic fracture 
mechanics 
Size of the plastic zone. The Irwin approximation. Plastic zone correction 
factor. 
19. Criteria based on Integral J (I) 
Extension to situations with plasticity. The HRR field. 

2h  

  

12 

20. Criteria based on Integral J (II) 
Computation of J integral. Crack initiation and instability. 
21. The fracture diagram method (1) 
The Dugdale model. The R6 method. 

2h  

  

13 
22. The fracture diagram method (2) 
The EPRI method. 
 

2h  Evaluation 
(1.5) 

 

14 Presentation of the Group Works (5h) 1h    
15 Laboratory (4h)   4h   
-  

  
Final 
Evaluation 
(3h)  

 
Complete attendance requirements: 
LM:  50 hours, RP:   11 hours, LB:  3 hours, TG: 5 hours, VI:  -- hours, EV:    7  hours, OT:   --  hours 

 

 
Office hours 

 

Office hours give students the opportunity to ask in-depth questions and to explore points of confusion or 
interest that cannot be fully addressed in class. The progress of the students will be monitored through 
the assisted resolution of problem classes (RP), through the individual works and through the partial 
evaluations. 
 
 

 

 
Evaluation 

 

 
- Continuous evaluation (% final mark): 80 
- Individual work (% final mark): 10 
- Team work  (% final mark):  10  
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