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Learning outcomes  

 
One of the main objective of the course is to familiarize the students with the fundamental concepts of failure analysis 
procedure and to provide an insight view on how the materials behave in real industrial conditions. Thus, this course 
provides a description on the most expected material failures (Corrosion, High temperature, Mechanical failures) 
supported by real examples ‐ case studies from industry‐ that are presented and analyzed both theoretically and in the 
laboratory. 
 
At the end of the course the student should be able to: 
 

● Classify the main failure mechanisms. 
● Identify engineering problems 
● Understand and describe the mechanisms beyond the macroscopic failure 
● Suggest testing methodologies to analyze and understand the root cause of a specific failure. 
● Determine the root cause(s) and recommend corrective actions. 

 
General Competences 

 
● Working independently.  
● Decision making 
● Team work 
● Search analysis and synthesis of collected data and information 



 
SYLLABUS 
The course is focused on the failure analysis of mechanical engineering components and structures. Main failure 
mechanisms are reviewed and analyzed. The course is based on two pillars: Lectures and laboratory classes on a weekly 
basis.  
 

1. Mechanisms, causes and analysis of failures. 
• Introduction 
• Overview of failure mechanisms 
• Causes of failures 
• Methodology of failure analysis  

2. Corrosion failures:  
• Uniform corrosion, 
• Galvanic corrosion,  
• Pitting, crevice, 
• Selective corrosion 
• Stress corrosion cracking 
• Hydrogen embrittlement  

3. High Temperature Failures:  
• Oxidation 
• Carburization 
• Metal dusting 
• Thermal Shock 
• Sulfidation 
• Fuel Ash corrosion 

4. Mechanical Failures:  
• Creep 
• Fatigue 
• Wear 
• Plastic deformation 
• Brittle fracture 
• Corrosion Fatigue 

5. Effects on engineering design. 
• Design to optimize resistance to: fatigue, creep, corrosion 

Laboratories: 
1. Example of failure due to Galvanic Corrosion. 
2. Example of failure due to Pitting Corrosion. 
3. Example of failure due to Crevice Corrosion. 
4. Example of failure due to Stress Corrosion Cracking. 
5. Example of failure due to Hydrogen Embrittlement. 
6. Example of failure due to Hot Corrosion. 
7. Example of failure due to Thermal Shock. 
8. Example of failure due to Sulphidation. 
9. Example of fatigue failure. Laboratory analysis. 
10. Example of failure due to brittle fracture. 
11. Example of Creep Failure. Basic Creep Calculations. 

TEACHING and LEARNING METHODS - EVALUATION 
DELIVERY 

Face-to-face, Distance learning, etc. 
Face-to face 

USE OF INFORMATION AND 
COMMUNICATIONS 

TECHNOLOGY 

Parts of the course material are presented using ICT 
Course support material is provided through the UTH e-Class online platform, 
Search for case studies online 



Use of ICT in teaching, laboratory 
education, communication with 

students 

TEACHING METHODS 
The manner and methods of teaching 
are described in detail. 
Lectures, seminars, laboratory 
practice, fieldwork, study and 
analysis of bibliography, tutorials, 
placements, clinical practice, art 
workshop, interactive teaching, 
educational visits, project, essay 
writing, artistic creativity, etc. 

The student's study hours for each 
learning activity are given as well as 
the hours of non- directed study 
according to the principles of the 
ECTS 

 
Activity  Semester workload  

Lectures 70h 
Laboratory Exercises 35h 
Exercises 45h 
Total 150h 

 

STUDENT PERFORMANCE 
EVALUATION 
Description of the evaluation 
procedure  
 Language of evaluation, methods of 
evaluation, summative or conclusive, 
multiple choice questionnaires, 
short-answer questions, open- ended 
questions, problem solving, written 
work, essay/report, oral examination, 
public presentation, laboratory work, 
clinical examination of patient, art 
interpretation, other  
 Specifically-defined evaluation 
criteria  are given, and if and where 
they are accessible to students. 

Language of evaluation: Greek 
 
Methods of evaluation: Student assessment is based on a set of written 
individual assignments (30%), a set of laboratory individual assignments (20%) 
and a written final exam (50%). 
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• D. Broek, The practical Use of Fracture Mechanics, Kluwer Academic Press, 1988. 
• J. Knott, P. Whithey, Fracture Mechanics. Worked Examples, IOM, 1979. 
• A. Shukla, Practical Fracture Mechanics in Design, Second Edition, Taylor and Francis,2004. 
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Handbooks 
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