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Faculty of Engineering and Applied Science 

 

 

 

MECH 321 Solid Mechanics II 

 

Course Outline – Fall 2015 

 

This is your course syllabus. Keep it for future reference. 

Instructor Information  

Chris K Mechefske, PhD, PEng 

Rm 326 
McLaughlin Hall 
613-533-3148 
Chris.Mechefske@queensu.ca 
 

Office Hours:  
 
To be announced at the beginning of term 
and by appointment. 

 

 

Teaching Assistant Information  

Teaching Assistants (TAs) contact information can be found on the class website (see Week 01 
Lecture 01 PPT slides).  

Calendar description  

This course continues the study of solid mechanics that was introduced in second year. By the 
end of this course, learners should be able to: 1) Calculate the total normal and shear stress at a 
point and sketch the stress distributions on a cross-section of a structural component (such as a 
crank) experiencing 3D combined (axial, transverse and/or moment causing) loads and non-
symmetric loads; 2) Calculate the residual normal or shear stress at a point and sketch the stress 
distribution on a cross-section of a structural component that is experiencing axial, torsional 
and/or bending loads followed by unloading; 3) Calculate the normal or shear stress at a point on 
a cross-section of a structural component that is under load (axial, torsional and/or bending) and 
is supported in a statically indeterminate configuration (using force balance equations together 
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with compatibility equations derived from known boundary conditions); 4) Calculate the normal or 
shear stress at a point on a cross-section of a structural component that is under load (axial, 
torsional and/or bending) and contains one or more locations of stress concentration; 5) 
Calculate, using general equations and/or graphically using a Mohr’s circle, the normal and shear 
stress and/or strain transformations at a point within a structural component under load as a 
function of the orientation relative to a fixed coordinate system and find the maximum in-plane 
normal and shear stress and/or strain; 6) Calculate the deflections and angles of deflection at any 
point on a transversely loaded beam of uniform cross-section using the principle of superposition 
and the standard equations for single loads acting on simply supported beams 7) Solve for critical 
loads in terms of buckling for concentrically and eccentrically loaded columns; 8) Calculate the 
optimum dimensions (design) for shafts and beams under combined 3D loading based on 
specified material failure criteria; 9) Design mechanism or structural components to withstand all 
forces for given loads, maximum deflection tolerances, factor of safety and material properties. 

Prerequisites: CIVL 220 or MECH 221 

Indicators and Outcomes 

 
Graduate attribute indicators 
 
MECH 321 develops the Canadian Engineering Accreditation Board Graduate Attributes through 
nine indicators: 
 
1 (MECH-3-KB-140): Calculate the total normal and shear stress at a point and sketch the stress 

distributions on a cross-section of a structural component (such as a crank) 
experiencing 3D combined (axial, transverse and/or moment causing) loads 
and non-symmetric loads. 

2 (MECH-3-KB-141): Calculate the residual normal or shear stress at a point and sketch the 
stress distribution on a cross-section of a structural component that is 
experiencing axial, torsional and/or bending loads followed by unloading. 

3 (MECH-3-KB-142): Calculate the normal or shear stress at a point on a cross-section of a 
structural component that is under load (axial, torsional and/or bending) and 
is supported in a statically indeterminate configuration (using force balance 
equations together with compatibility equations derived from known 
boundary conditions). 

4 (MECH-3-KB-143): Calculate the normal or shear stress at a point on a cross-section of a 
structural component that is under load (axial, torsional and/or bending) and 
contains one or more locations of stress concentration. 

5 (MECH-3-KB-144): Calculate, using general equations and/or graphically using a Mohr’s circle, 
the normal and shear stress and/or strain transformations at a point within a 
structural component under load as a function of the orientation relative to a 
fixed coordinate system and find the maximum in-plane normal and shear 
stress and/or strain. 

6 (MECH-3-KB-146): Calculate the deflections and angles of deflection at any point on a 
transversely loaded beam of uniform cross-section using the principle of 
superposition and the standard equations for single loads acting on simply 
supported beams. 
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7 (MECH-3-KB-147): Solve for critical loads in terms of buckling for concentrically and 
eccentrically loaded columns. 

8 (MECH-3-KB-148): Calculate the optimum dimensions (design) for shafts and beams under 
combined 3D loading based on specified material failure criteria. 

9 (MECH-3-KB-149): Design mechanism or structural components to withstand all forces for 
given loads, maximum deflection tolerances, factor of safety and material 
properties. 

 

Course Learning Outcomes (CLO) 

By the end of this course, learners should be able to:  

1 (MECH-3-KB-140): Calculate the total normal and shear stress at a point and sketch the stress 
distributions on a cross-section of a structural component (such as a crank) 
experiencing 3D combined (axial, transverse and/or moment causing) loads 
and non-symmetric loads. 

2 (MECH-3-KB-141): Calculate the residual normal or shear stress at a point and sketch the 
stress distribution on a cross-section of a structural component that is 
experiencing axial, torsional and/or bending loads followed by unloading. 

3 (MECH-3-KB-142): Calculate the normal or shear stress at a point on a cross-section of a 
structural component that is under load (axial, torsional and/or bending) and 
is supported in a statically indeterminate configuration (using force balance 
equations together with compatibility equations derived from known 
boundary conditions). 

4 (MECH-3-KB-143): Calculate the normal or shear stress at a point on a cross-section of a 
structural component that is under load (axial, torsional and/or bending) and 
contains one or more locations of stress concentration. 

5 (MECH-3-KB-144): Calculate, using general equations and/or graphically using a Mohr’s circle, 
the normal and shear stress and/or strain transformations at a point within a 
structural component under load as a function of the orientation relative to a 
fixed coordinate system and find the maximum in-plane normal and shear 
stress and/or strain. 

6 (MECH-3-KB-146): Calculate the deflections and angles of deflection at any point on a 
transversely loaded beam of uniform cross-section using the principle of 
superposition and the standard equations for single loads acting on simply 
supported beams. 

7 (MECH-3-KB-147): Solve for critical loads in terms of buckling for concentrically and 
eccentrically loaded columns. 

8 (MECH-3-KB-148): Calculate the optimum dimensions (design) for shafts and beams under 
combined 3D loading based on specified material failure criteria. 

9 (MECH-3-KB-149): Design mechanism or structural components to withstand all forces for 
given loads, maximum deflection tolerances, factor of safety and material 
properties. 
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Prerequisite knowledge 

This course is designed for learners who already possess a full knowledge of statics (the force 
analysis of static structures) and an introductory knowledge of solid mechanics.  

Course length and pace 

This course represents a study period of one semester. Learners can expect to invest on average 
7-9 hours per week in this course. At the end of this document is a Topic Schedule and more 
detail is found on the class website. 

Learners who adhere to the scheduled study guidelines are more likely to complete the course 
successfully.  

Academic integrity 

Engineers have a duty to: 

 Act at all times with devotion to the high ideals of personal honour and professional 
integrity 

 Give proper credit for engineering work 
 

-Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 
http://peo.on.ca/index.php?ci_id=1815&la_id=1 

The quote above describes the standard of behaviour expected of professional engineers. As 
engineering students, you have made a decision to join us in the profession of engineering, a 
long-respected profession with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not 
prohibit you from collaborating, even closely, with fellow learners in any class. Indeed, we strongly 
encourage collaboration and teamwork, when conducted responsibly. We have however, set firm 
guidelines on the quality of submitted work and have taken a strong stand against plagiarism and 
other forms of academic dishonesty.  Briefly stated, we expect that submitted work bears the 
name of all those contributing to it, and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, 
action shall be taken, as required by the Faculty of Applied Science policy on academic integrity: 
http://engineering.queensu.ca/policy/Honesty.html 

Additional information on the University’s policies concerning academic dishonesty can be found 
on the Queen’s website. All learners are expected to familiarize themselves with these 
policies and to conduct themselves accordingly. 

 Senate Academic Integrity Policy Statement  

 Procedures for dealing with departures from academic integrity in the Faculty of 
Engineering and Applied Science 

 Queen's University Code of Conduct 
 

http://peo.on.ca/index.php?ci_id=1815&la_id=1
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senate/academic-integrity-policy-statement
http://engineering.queensu.ca/policy/Honesty.html
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/registrar/resources/policies/university-code-conduct
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Expectations for interaction 

There will be opportunities to interact with your instructor(s), TA(s) and fellow classmates 
throughout this course.  As highlighted above, we expect you to behave with integrity at all times. 
If you have a confidential matter that you would like to discuss with the instructor, a contact email 
address, telephone number and office hours are stated at the top of this document.  Expect email 
replies within 24-48 hours.  Instructors and TAs will be providing feedback to learners on graded 
activities.  Expect feedback within 7 days of the due date. 

Course-specific policies 

In keeping with the Faculty of Engineering and Applied Science Faculty Regulation 5b, “A student 
who claims illness or compassionate grounds as a reason for missing any required component of 
the course other than the final exam is responsible for making alternative arrangements with the 
instructor concerned.” Note that unacceptable reasons include: malfunctioning computer, travel 
plans to go home for holidays, generally behind on schoolwork, etc. The instructor may request 
some substantiating documentation. If alternate arrangements are not agreed upon, then the 
normal late penalty will apply as described in the assignment. 

Individual needs and support 

Learners with diverse learning styles and needs are welcome at Queen’s. In particular, if you 
have a disability or health consideration that may require accommodation, please feel free to 
approach the instructor and/or Accessibility Services as soon as possible.  The Accessibility 
Services staff is available by appointment to develop individualized accommodation plans, 
provide referrals and assist with advocacy. The sooner you let us know your needs, the better we 
can assist you in achieving your learning goals at Queen’s. For further information, visit the 
Student Wellness Services website.  The course website is available under the Department of 
Mechanical and Materials Engineering “Undergraduate – Course Notes” Link. Every effort has 
been made to provide course materials that are accessible.  If you find any element of this course 
difficult to access, please discuss with your instructor how you can obtain an accommodation. 

Academic and student support 

Queen’s has a robust set of supports available to you including the Library, Student Academic 
Success Services (Learning Strategies and Writing Centre), and Career Services.  Learners are 
encouraged to visit the Faculty of Engineering and Applied Science Current Students web portal 
for information about various other policies such as academic advisors, registration, student 
exchanges, awards and scholarships, etc. 

Technical skills and support 

No specialized computer-related technical skills are required for this course.  If you require any 
technical assistance, please contact Technical Support. 

http://engineering.queensu.ca/Calendar/CurrentYear/Faculty_Regulations.html#Reg5
http://queensu.ca/studentwellness/
http://library.queensu.ca/
http://sass.queensu.ca/
http://sass.queensu.ca/
https://careers.sso.queensu.ca/home.htm
http://engineering.queensu.ca/Current-Students/
http://engineering.queensu.ca/IT/help.html
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Evaluation 

Activity 
 

Due Date 
Weight 

Alignment 
with 

UDLEs 

Alignment 
with 

CLOs 

Term Test #1 Typically during week 5 20% 
UDLEs 
1,2,3 

CLO 1,2,3 

Term Test #2 Typically during week 9 20% 
UDLEs 
2,3,4 

CLO 2,3,4 

Team Project Monday following the last day of classes 20% UDLEs 8,9 CLOs 8,9 

Final Exam 
(Proctored) 

During the exam period 40% 
ALL 

UDLEs 
ALL CLOs 

Total 100%   

 

Team Project 

More information about the Team Project can be found on the class website. 

 
Final Examination 

The date, time and location of the Final Examination will be announced through SOLUS. The 
Final Exam is closed book; however, a formula sheet will be provided.  

Course materials 

Required textbook  

 Mechanics of Materials, 9th SI Edition. By: R.C. Hibbeler. ISBN-13: 978-981-06-9436-4 

Other editions can be used, but tutorial problems are taken from the 9th edition. Note that one copy 
of this textbook has been placed on reserve in the Stauffer Library. 

Required calculator  

 A calculator with a gold sticker is the only type of calculator allowed for use in term tests 
and the final exam. 

Other material 

All other course material is accessible via the class website. 
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Topic Schedule  

 

Week Text Section Topics   

1 Chapters 1, 2 & 
3 

4.1–4.3, 5.1–
5.4 

6.1-6.4, 7.1-7.2 
8.2 

Introduction and Course Overview, Review of CIVL220 (Stress and 
Strain, Axial Loading, Shear Stress due to Torsion, Bending, 
Transverse Shear 
 
Combined Loading (Principle of Superposition) 

     T
e
s
t #

1
 T

o
p

ic
s
 

2 4.4, 4.5 Statically Indeterminate Loading – Axial Loads 

4.6, 4.7 Thermal Stress and Stress Concentrations 

4.8 Inelastic (Plastic) Axial Deformation 

3 4.9 Residual Stress – Axial Loading 

 
5.5 

 
Statically Indeterminate Loading – Torsional Loads  

        T
e
s
t #

2
 T

o
p

ic
s
 

5.8 Stress Concentrations – Torsional Loads 

4 
 

5.9, 5.10 Inelastic (Plastic) Torsion and Residual Stress 

6.5 Unsymmetric Bending 

 ***Review of Material covered on Term Test #1 *** 

5  
Term 

Test #1 

 Thanksgiving Day Holiday – no lecture on Monday 

6.8 Curved Beams 

6.10 Inelastic (Plastic) and  Residual Stress in Bending 

6   

9.1, 9.2 Plane Stress Transformation -  General Equations 
 

 

7 9.3 Principal Stresses and Maximum In-Plane Shear Stress 

  

9.4 Mohr’s Circle for Plane Stress 

8  
 

9.5 

***Review of Material covered on Term Test #2 *** 
Stress in Shafts due to Axial Loads and Torsion and Stress 
Variations in Beams 
Absolute Maximum Shear Stress 

9 
Term 

Test #2 

10.1, 10.2 Plane Strain Transformations - General Equations 

10.3 Mohr’s Circle for Plane Strain 

  

10 
 

10.7 Failure Theories 

11.4 Shaft Design 

12.5 Beam Deflection - Method of Superposition 

11 12.6, 12.9 Statically Indeterminate Beams and Shafts – Method of 
Superposition 

13.1 – 13.3 Euler’s Formula for Columns and Critical Loads 

  

12  Course Review (Project Week) 
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General feedback 

Your input is essential for maintaining and improving the quality of this course material for future 
offerings. You can email your comments to the instructor or one of the TAs. Your input will also be 
solicited during the USAT course evaluation.  

Important information 

Your instructor is your first point of contact.  Their contact information can be found at the top 
of this document. If you have questions about this course during the semester, contact your 
instructor.  Please use email as the primary means of content, and be sure to allow 24 hours 
for a response.  


