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Course Specification
1. Basic Information
	MDP 451
	Failure Analysis
	3 CH

	Prerequisites
	Structures and Properties of Materials

	Number of weekly Contact Hours 

	Lecture
	Tutorial
	Laboratory

	3
	0
	1

	Required SWL
	125
	Equivalent ECTS
	5

	Course Content

	General approaches of Failure Analysis: data and sample collection, preliminary examination, nondestructive inspection, macroscopic and microscopic examination of metallographic sections and fractured surfaces, modes of failure (ductile, brittle) causes of failure (overloads, fatigue, creep, corrosion, wear, elevated temperature failures, etc.), solve the problems of cracks’ initiation and propagation, writing a standardized failure technical report, and failure prevention recommendations.

	Used in Program / Level

	Program Name or requirement
	Study Level

	Design and Production Engineering Program concentration 
	

	Assessment Criteria

	Student Activities
	Mid-Term Exam
	Practical Exam
	Final Exam

	`10%
	10%
	20%
	60%

	Exam Duration [Hours]
	3
	
	

	Equivalent to other course in another university

	University
	N/A 

	Course code and title
	N/A



2. Course Aims
By the end of the course the students will be able to:
· Explain the significance of failure analysis of mechanical parts. 
· Select the suitable failure analysis techniques. 
· Understand and explain the mechanisms of fracture 
· Perform a metallurgical failure analysis.
· Describe the various material factors that cause failure.
· Suggest appropriate corrective and preventive methodology.
3. Program Competencies Served by Course.



A: Faculty Requirements
A2. Develop and conduct appropriate experimentation and/or simulation, analyse and interpret data, assess and evaluate findings, and use statistical analyses and objective engineering judgment to draw conclusions. 

A5. Practice research techniques and methods of investigation as an inherent part of learning. 
Disciplinary:
C5c. Demonstrate additional abilities to select, prepare, analyse, treat, and test materials for specific applications 

4. Learning Outcomes (LOs)
	Cognitive Domain

	1
	Understand general procedures, techniques and precautions in failure analysis 

	2
	Analyze the fracture surface under different types of failure

	Psychomotor Domain

	3
	Follow the general stages/procedure of failure analysis ( background- fracture surface preservation- examination----). 

	Affective Domain

	4
	Be aware of basic fracture modes and their characteristics features and suggest appropriate corrective and preventive methodology for a specific component.


5. Course LOs Mapping with Level of Competencies
	ILOs
	Level of Competences

	
	A2
	A5
	C5c
	

	Cognitive Domain

	[bookmark: _Hlk19380516]1
	
	
	
	

	2
	
	
	
	

	Psychomotor Domain

	3
	
	
	
	

	Affective Domain

	4
	
	
	
	


6. Assessment and Feedback Strategy
· Lab reports and quizzes	10%
· Midterm			10%
· Practical Exam/Project 	20%
· Final				60%
7. Teaching and Learning Methods
· Interactive Lectures; [Microsoft Teams platform] and sometimes face to face on campus
· Practical lab activities; [on campus]
· Presentation & In class discussion [on campus]
· Lectures notes were published to students via LMS and recorded via Microsoft Teams platform.

8. List of References
· 
a. Course notes
-Developed by course instructors uploaded to LMS
b. Essential books (textbooks)
· “Metallurgical Failure Analysis: Techniques and Case Studies”, Kannadi Palankeezhe Balan, Elsevier Inc., (ISBN 978-0-12-814336-0), https://doi.org/10.1016/C2017-0-01343-5, (2018).
· Understanding How Components Fail, Donald J. Wulpi, Third Edition, ASM international, Materials Park, Ohio, USA, 2013.
· Failure and Damage Analysis of Advanced Materials, Holm Altenbach, Tomasz Sadowski, Springer-Verlag Wien, 2015.
· “Introduction to Failure Analysis and Prevention”, James J. Scutti, William J. McBrine, ISBN: 0-87170-704-7, ASM International
· Practical Engineering Failure Analysis, L. L. Faulkner, Tenth Edition, by Marcel Dekker, Inc., New York, NY 10016, U.S.A., 2004
c. Web sites and c. Periodicals, … etc
Journal of Failure Analysis and prevention, ASM international
9. Study Plan
	[bookmark: _Hlk79020262]No
	Course Content
	Lecture
(3 hrs.)
	Lab 
(1-hrs.)

	1
	Introduction: failure and fracture, importance of studying failure, overall procedure of failure analysis
	6
	1

	2
	Fracture Mechanics
	6
	4

	3
	Techniques of failure analysis
	6
	2

	4
	Mechanical failure of materials: fracture modes: features and signs in different scales 
	6
	2

	5
	General stages/procedure of failure analysis ( background- fracture surface preservation- examination---------)
	6
	----

	6
	Fractography
	6
	2

	7
	Case studies
	6
	3

	8
	Failure prevention and recommendations
	3
	1

	Total Number of Hours
	45
	15



	No
	Experiment
	Lab
(1-hrs.)

	1
	Laboratory safety and regulation 
	1

	2
	Study the effect of the crack size, crack position and heat treatment
	1

	3
	Visual Examination (Necked eye + Magnification lens)
a. Tensile overload fracture
b. Compression overload fracture
c. Bending overload fracture
d. Fatigue fracture
	3

	4
	Fractography Examination (Stereomicroscope)
	3

	5
	Specimen Preparation for Microstructure Examination 
	2

	6
	Microstructure examination (Optical microscope) 
	2

	7
	Non-destructive inspection
	2

	8
	Practical exam
	1

	Total Number of Hours
	15


10. Course Content / LOs Matrix
	Topic
	Course Content
	1
	2
	3
	4

	1
	Introduction: failure and fracture, importance of studying failure, overall procedure of failure analysis
	
	
	
	

	2
	Fracture Mechanics
	
	
	
	

	3
	Techniques of failure analysis
	
	
	
	

	4
	Mechanical failure of materials: fracture modes: features and signs in different scales 
	
	
	
	

	5
	General stages/procedure of failure analysis (background- fracture surface preservation- examination---------)
	
	
	
	

	6
	Fractography
	
	
	
	

	7
	Case studies
	
	
	
	

	8
	Failure prevention and recommendations
	
	
	
	


11. Assessment & Feedback Strategies / LOs Matrix
	Assessment Methods
	1
	2
	3
	4

	Assignments (Reports/Presentation/In class …...
	
	
	
	

	Lab Activities
	
	
	
	

	Quizzes (2-4)
	
	
	
	

	Written exams (Mid-Term & Final)
	
	
	
	


12. Teaching & Learning Methods / LOs Matrix
	Learning Methods
	1
	2
	3
	4

	Lectures
	
	
	
	

	Practical Experiments
	
	
	
	

	Presentation & In class discussion
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