CONCORDIA UNIVERSITY FACULTY OF ENGINEERING & COMPUTER SCIENCE

DEPARTMENT OF MECHANICAL ENGINEERING

MECH 321 – 2009  Section X
PROPERTIES AND FAILURE OF MATERIALS
​​​​​​​​​​​​​​​​​​Instructor:
Dr. M. Medraj, Office:  EV4.411,         Tel:  (514) 848-2424 ext. 3146



             



email: mmedraj@encs.concordia.ca
Class:

Wednesday - Friday:  10:15-11:30 am
Room:   FG-B040
Tutorial:
Friday:  14:15-15:05 



Room:   CL-217 and BE-239-2
Lab:

See Lab Manual for Mech 321, available on the course website
Required Text Book:
1. Textbook for MECH 221:  Materials Science and Engineering, W.D. Callister, Wiley  6th or 7th Edition (5th edition will suffice although some Section numbers and figure numbers etc will be different).
2. MECH 321 Coursepack from Bookstore. This contains material from the following supplementary reference books. 

Supplementary Reference Books:
1.  Mechanical Metallurgy, G.E. Dieter, 3rd edition, McGraw-Hill, 1987.

2.  Deformation and Fracture Mechanics of Engineering Materials, R.W. Hertzberg, Wiley, 4th ed., 1995.

3. Engineering Materials1, Ashby and Jones. Materials selection in engineering design, Ashby.
Copies of course notes are available in .pdf format on my webpage: 

www.me.concordia.ca/~mmedraj/mech321.html
Course Objectives
By the end of this course you should have an understanding of the mechanical behavior of materials (and metals in particular).  This will include the deformation behavior of metals and the ways that metals can fail. We will be studying the effects of mechanical loading on real materials beyond the elastic limit and by the end of the course you should have answers to the following questions:


What happens to a metal when the yield stress is exceeded?


Why does this happen?


Can we control it and how?


Why and how do materials fail?


Can we prevent failure?


How do we make metals stronger?


How do we soften metals?


Why do materials behave differently under dynamic loads compared to static loads?


Why do materials behave differently at elevated temperatures? Is this good or bad?


How do we select the right material for the job?

Design Soft Skill

The following Design soft skill will be included in this course:

Ethics:  An understanding and commitment to professional ethics and accountability, equity, public and worker safety and health considerations, and responsibilities and norms of engineering practice.

This course focuses on properties of materials, how and why they fail and the consequences. An important part of being an engineer is the ethical responsibility to the public with regard to the engineering decisions made. These aspects will be covered during lectures on failure, safety factors and materials selection.

PRACTICE – This aspect will be covered by in-class discussion and by problems. 

EVALUATION – This aspect will be covered by assignment and exam problems.
COURSE  CONTENTS
1:
MATERIALS TESTING

1.1
The Tensile Test  (Callister 5th, 6.1-6.12) (Callister 6th, 6.1-6.12)
1.2
The Torsion Test  (Dieter, 10.1-10.4)

2:
ELEMENTS OF DISLOCATION THEORY

2.1
Strength of a Perfect Crystal  (Hertzberg, 2.1)

2.2
The Need for Lattice Imperfections:  Dislocations  (Hertzberg, 2.2)

2.3
Observation of Dislocations  (Hertzberg, 2.5)

2.4
Dislocation Multiplication  (Hertzberg, 2.10)

2.5
Slip Systems  (Callister 5th, 7.4) (Callister 6th, 7.4)
2.6
Slip in Single Crystals  (Callister 5th, 7.5) (Callister 6th, 7.5)
2.7
Plastic Deformation of Polycrystalline Materials (Callister 5th, 7.6) (Callister 6th, 7.6)
2.8
Deformation by Twinning  (Callister 5th, 7.7) (Callister 6th, 7.7 CD-Rom)
3:
STRENGTHENING MECHANISMS

3.1
Grain Boundary Strengthening  (Callister 5th, 7.8) (Callister 6th, 7.8)
3.2
Solid Solution Strengthening  (Callister 5th, 7.9) (Callister 6th, 7.9)
3.3
Strain Hardening  (Callister 5th, 7.10-7.14) (Callister 6th, 7.10-7.13)
3.4
Two Phase Strengthening



3.41     Precipitation Hardening  (Callister 5th, 11.7-11.9) (Callister 6th, 11.9)


3.42     Dispersion Strengthening  (Callister 5th, 17.3) (Callister 6th, 16.2-16.3)
3.5
Martensite Strengthening  (Callister 5th, 10) (Callister 6th, 10.6-10.9)
3.6
Fiber Strengthening  (Callister 5th, 17.4, 17.5) (Callister 6th, 16.4, 16.5)
3.7
Composite Materials  (Callister 5th, 17.6-17.9) (Callister 6th, 16.6-16.11)
4:
FRACTURE

4.1
Fundamentals of Fracture (Callister 5th, 8.2) (Callister 6th, 8.2)
4.2
Ductile Fracture (Callister 5th, 8.3) (Callister 6th, 8.3)
4.3
Brittle Fracture (Callister 5th, 8.4) (Callister 6th, 8.4)
4.4
Principles of Fracture Mechanics (Callister 5th, 8.5) (Callister 6th, 8.5 CD-Rom)
4.5
Impact Fracture Testing (Callister 5th, 8.6) (Callister 6th, 8.6)
5:
FATIGUE

5.1
Cyclic Stresses  (Callister 5th, 8.7) (Callister 6th, 8.7)
5.2
The S-N Curve  (Callister 5th, 8.8) (Callister 6th, 8.8)
5.3
Low Cycle Fatigue  (Dieter 5th, 12.6-12.8) 

5.4
Crack Initiation and Propagation  (Callister 5th, 8.9) (Callister 6th, 8.9 CD-Rom)
5.5
Crack Propagation Rate  (Callister 5th, 8.10) (Callister 6th, 8.10 CD-Rom)
5.6
Factors That Affect Fatigue Life  (Callister 5th, 8.11) (Callister 6th, 8.11-8.12)
6:
CREEP

6.1
Generalized Creep Behavior  (Callister 5th, 8.13) (Callister 6th, 8.14)
6.2
Stress and Temperature Effects  (Callister 5th, 8.14) (Callister 6th, 8.15-8.16)
6.3
Activation Energy for Steady State Creep  (Dieter, 13.8)

6.4
Presentation of Engineering Creep Data  (Dieter, 13.12)

6.5
Prediction of Long Time Properties  (Dieter, 13.13)

6.6 
Alloys for High Temperature use  (Callister 5th, 8.16, 12.11, 12.12) (Callister 6th, 8.17, 11.3)
7:
CORROSION

7.1
Electrochemical Considerations  (Callister 5th, 18.1, 18.2) (Callister 6th, 17.1, 17.2)
7.2
Corrosion Rate  (Callister 5th, 18.3) (Callister 6th, 17.3)
7.3
Prediction of Corrosion rate  (Callister, 18.4) (Callister 6th, 17.4 CD-Rom)
7.4
Passivity  (Callister 5th, 18.5) (Callister 6th, 17.5 CD-Rom)
7.5
Environmental Effects  (Callister 5th, 18.6) (Callister 6th, 17.6)
7.6
Form of Corrosion  (Callister 5th, 18.7) (Callister 6th, 17.7)
7.7
Corrosion Environment  (Callister 5th, 18.8) (Callister 6th, 17.8)

7.8
Corrosion Prevention  (Callister 5th, 18.9) (Callister 6th, 17.9)
8:
WEAR

8.1
Mechanism of Wear

8.2
Factors Influencing Wear

8.3
Wear Measurement

9:
MATERIAL CODE

9.1
Ferrous Alloys  (Callister 5th, 12.5, 12.6) (Callister 6th, 11.1, 11.2)
9.2
Nonferrous Alloys  (Callister 5th, 12.7-12.10) (Callister 6th, 11.3)
10: MATERIAL SELECTION

10.1
Strength  (Callister 5th, 23.2) (Callister 6th, 6.12, 6.13)
10.2
Other Property Considerations and the Final Decision  (Callister 5th, 23.3) (Callister 6th, 6.13)
10.3
Case Studies: (Callister 5th, 23.4-7) (Callister 6th, 17.14, 19.6 CD-Rom)
Labs Topics:
Torsion, Fracture, Impact, Heat treatment, Materials Selection.

The timetable and explanation of each laboratory experiment can be found in the Mech 321 lab Manual available from the Bookstore. A short report is required for every lab. Lab attendance will be taken and is mandatory in order to receive a grade. The reports are to be submitted to the lab instructor. The student may expect at least one lab-related question on the final exam. Good presentation, including legibility, spelling and grammar, is expected for all work.

Coursework – Certificate of Originality:

In keeping with the new Department policy, all coursework submitted as part of this course must have the appropriate Certificate of Originality form filled-in and attached as the cover page. Each assignment should have the Assignment version attached and likewise, each lab report should have the Lab version attached. These forms are available on the course website as well as on the following website:

http://www.encs.concordia.ca/scs/index.htm
Evaluation:

Quiz 1 and Quiz 2 
10 %

Lab & Lab Reports (5) 
15 %

Midterm*  
20 %

Final Exam
55 %

* The midterm exam is optional. Students who write the midterm exam, however, will get the higher mark of the final exam plus the midterm or the final exam alone.

Midterm Examination: The date for the midterm is provisionally set for February 20th at 10.15am (in class). Students must pass the midterm and labs in order to be able to get a Medical deferral in the final exam should the need arise

Quizzes and Assignments: Assignments will be posted on the web page. They will NOT be marked but the questions on the assignment will be used as the basis for the Quiz questions. Solutions will be discussed in tutorials. The Quizzes will be held in the TUTORIAL Session as follows. 

Quiz 1 date – Feb 6th. Quiz 1 will be based on the subject matter covered in Assignments 1 and 2.  

Quiz 2 date – March 27th. Quiz 2 will be based on the subject matter covered in Assignments 3 and 4.

Students must obtain a passing mark on the final exam in order to pass the course.
This information and other updates relating to the course (notes, lab results, changes, etc.) will be posted on the course home page. http://www.me.concordia.ca/~mmedraj/mech321.html
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