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CEE 4491A – Structural Dynamics II – Course Outline Fall 2021 

 
This course provides an introduction to the calculation of dynamic effects for multi-degree of freedom 
structures, including the response of such structures to random, time-varying loads due to wind and 
earthquakes. Code approaches to the calculation of these loads, and how these are implemented in the 
National Building Code of Canada (NBCC) are also reviewed.  The general objectives of the course are for 
the student to become able to: 
 

 calculate the mass and stiffness matrices for multi-degree of freedom structures, before determining 
the corresponding natural frequencies and mode shapes using eigenvalues and eigenvectors 
respectively; 

 

 apply the principles of modal analysis to describe the response of multi-degree of freedom 
structures to both free and forced undamped and damped vibration; 

 

 determine the response of multi-degree of freedom structures to ground motion using either 
recorded ground motion time histories, or response spectrum concepts; 

 calculate the dynamic response of a structure to earthquake loads using an appropriate method from 
the NBCC; and 

 

 calculate the dynamic response of a simple single-degree of freedom structure to wind loads using 
either direct methods or the NBCC approach. 

 
Calendar Copy: 
 

An introduction to the dynamic analysis of multi-degree of freedom structures. Topics include: calculation of 
mass and stiffness matrices, determination of natural frequencies and mode shapes using eigenvalues and 
eigenvectors, modal analysis, free and forced vibration of undamped and damped structures, dynamic 
response to earthquake and wind loads, and fatigue. (0.5 course) 
 
Prerequisites: 
 

CEE 3344A/B 
 
Antirequisites: 
 

The former CEE 4490 
 
Note:  It is the student's responsibility to ensure that all Prerequisite and Corequisite conditions are met or 
that special permission to waive these requirements has been granted by the Faculty.  It is also the student's 
responsibility to ensure that they have not taken a course listed as an Antirequisite.  The student may be 
dropped from the course or not given credit for the course towards their degree if they violate the 
Prerequisite, Corequisite or Antirequisite conditions. 
 
Contact Hours: 
 

3 lecture hours/week; 2 tutorial hours/week; (recommended additional personal study - 3 hours). 
 
Attendance at the tutorial/laboratory session is mandatory 
 

 



Instructor: 

Dr Craig Miller, P.Eng.; SEB 2084; e-mail: cmiller@eng.uwo.ca.  Administrative Support:  SEB 3005 
 
Textbook: 
 

Dynamics of Structures, Fifth Edition, by Anil K. Chopra, Prentice Hall, 2017. 
 
Computing: 
 

Students will be required to use portable computers during lectures and tutorials. Assignments may require 
the use of additional software available through site licenses held by the University of Western Ontario, 
and in particular the use of the numerical computing environment software MATLAB.  
 
Units: 
 

SI units will be used in lectures and examinations 
 
Specific Learning Objectives: 
 

1. Introduction [KB3] 
a) Understand and review the basic principles governing the response of single degree of freedom 

systems, including the effects of stiffness, damping, and forced vibration 
2. Free Vibration of Multi-degree of Freedom Systems [KB4, PA3] 

a) Derive the mass and stiffness matrices for multi-degree of freedom (MDOF) structures 
b) Condense the stiffness matrix for MDOF structures acting in shear and rotation to the equivalent 

system acting in shear only 
c) Solve the resulting equations of motion for free vibration to calculate the corresponding natural 

frequencies and mode shapes using eigenvalues and eigenvectors respectively 
3. Forced Vibration of Multi-degree of Freedom Systems [KB4, PA3, ET3] 

a) Calculate the generalized mass, stiffness, and force matrices for MDOF structures undergoing 
harmonic forced vibration 

b) Solve for the response of MDOF structures undergoing harmonic undamped or damped forced 
vibration using modal analysis and the principle of superposition 

4. Ground Motion and the Response of Multi-degree of Freedom Systems [KB4, PA3, ET3] 
a) Understand the effects of earthquakes, and the factors that affect ground motion that are relevant to 

the response of MDOF structures 
b) Understand when to use the dynamic and quasi-static approaches presented in the NBCC 
c) Determine the response of SDOF structures to ground motion using the NBCC quasi-static 

approach 
d) Determine the response of MDOF structures to ground motion using recorded ground motion time 

histories and numerical methods 
e) Determine the response of MDOF structures to ground motion using response spectrum concepts 

for either specific events or the NBCC design response spectrum approach 
5. Dynamic Approaches to Wind Loads [KB4, PA3] 

a) Describe the underlying theory behind the dynamic approach to wind loads, and importance of the 
resonant response in the calculation of wind loads on several classes of structure, including tall 
buildings and long-span bridges 

b) Calculate the dynamic response of a simple single-degree of freedom structure to wind loads using 
either direct methods or the NBCC approach.  

 
The instructor may expand on material presented in the course as appropriate. 
 
  



General Learning Objectives: 
 

E=Evaluate, T=Teach, I=Introduce; (I) = Intoduction, (D) = Developing, (A) = Advanced level 
Knowledge Base T (A) Engineering Tools T (A) Impact on Society  
Problem Analysis T (A) Team Work  Ethics and Equity  
Investigation  Communication  Economics and Project Management  
Design  Professionalism  Life-Long Learning  
 
Evaluation: 
 

The final course mark will be determined as follows: 
 

Assignments:  25% 
Quiz: 15% 
Final assessment: 60% 

Total: 100% 
 
Note: (a)  Students who have failed this course previously must repeat all components of the course. 

No special permissions will be granted enabling a student to retain laboratory, assignment or 
test marks from previous years. Previously completed assignments and laboratories cannot be 
resubmitted. 

  
 (b)  Should any of the assignments or exams conflict with a religious holiday that a student wishes 

to observe, the student must inform the instructor of the conflict no later than two weeks before 
the scheduled test. For further information on accommodations for religious holidays see 
http://www.uwo.ca/univsec/handbook/appeals/accommodation_religious.pdf 

 
1. Quizzes and Examinations: 
 

A 60-minute CLOSED BOOK quiz will be scheduled during the first hour of the tutorial on Friday, 
October 29. The final examination will be CLOSED BOOK, approved handheld non-programmable 
calculators are allowed, but NO other external sources of information, including books, notes or crib sheets, 
are permitted. Please consult the list of acceptable calculators for closed book exams posted on the bulletin 
board across from the Department of Civil and Environmental Engineering Office to be sure your calculator 
is on it! Part marks may not be awarded for some of the problems on the final exam. 
 
2. Weekly Assignments: 
 

Individual or group assignments will be given on a weekly basis.  Assignments are to be submitted 
electronically prior to the due date to OWL. Extensions are to be negotiated with the course instructor, not 
the teaching assistants. 
 
3. Use of English: 
 

In accordance with Senate and Faculty Policy, students may be penalized up to 10% of the marks on all 
assignments, tests, and examinations for improper use of English. Additionally poorly written work with 
the exception of the final examination may be returned without grading. If resubmission of the work is 
permitted, it may be graded with marks deducted for poor English and/or late submission. 
 
Cheating: 
 

University policy states that cheating is a scholastic offence.  The commission of a scholastic offence is 
attended by academic penalties that might include expulsion from the program.  If you are caught cheating, 
there will be no second warning. 



For more information on scholastic offenses, please see: 
https://www.uwo.ca/univsec/pdf/academic_policies/appeals/scholastic_discipline_undergrad.pdf 
 
Attendance: 
 

Any student who, in the opinion of the instructor, has not engaged sufficiently in class, laboratory, or 
tutorial periods will be reported to the Dean (after due warning has been given). On the recommendation 
of the Department concerned, and with the permission of the Dean, the student will be debarred from 
taking the regular final examination in the course.  
 
Accommodation: 
 

Students with disabilities work with Accessible Education (formerly SSD) which provides 
recommendations for accommodation based on medical documentation or psychological and cognitive 
testing. The accommodation policy can be found here: Academic Accommodation for Students with 
Disabilities 
 
Academic Consideration for Student Absence: 
 

Students will have up to two (2) opportunities during the regular academic year to use an on-line 
portal to self-report an absence during the term, provided the following conditions are met: the 
absence is no more than 48 hours in duration, and the assessment for which consideration is being 
sought is worth 30% or less of the student’s final grade. Students are expected to contact their 
instructors within 24 hours of the end of the period of the self-reported absence, unless noted on the 
syllabus. Students are not able to use the self-reporting option in the following circumstances: 

 for exams scheduled by the Office of the Registrar (e.g., December and April exams) 
 absence of a duration greater than 48 hours,  
 assessments worth more than 30% of the student’s final grade,  
 if a student has already used the self-reporting portal twice during the academic year  

If the conditions for a Self-Reported Absence are not met, students will need to provide a Student 
Medical Certificate if the absence is medical, or provide appropriate documentation if there are 
compassionate grounds for the absence in question. Students are encouraged to contact their Faculty 
academic counselling office to obtain more information about the relevant documentation. 
Students should also note that individual instructors are not permitted to receive documentation directly 
from a student, whether in support of an application for consideration on medical grounds, or for other 
reasons. All documentation required for absences that are not covered by the Self-Reported Absence 
Policy must be submitted to the Academic Counselling office of a student's Home Faculty. 
 
For Western University policy on Consideration for Student Absence, see  
Policy on Academic Consideration for Student Absences - Undergraduate Students in First Entry Programs 
and for the Student Medical Certificate (SMC), see: 
https://www.uwo.ca/univsec/pdf/academic_policies/appeals/medicalform.pdf. 
 
Religious Accommodation: 
 

Students should consult the University's list of recognized religious holidays, and should give reasonable 
notice in writing, prior to the holiday, to the Instructor and an Academic Counsellor if their course 
requirements will be affected by a religious observance. Additional information is given in the Western 
Multicultural Calendar.  
 
 
 



Conduct: 
 

Students are expected to arrive at lectures on time, and to conduct themselves during class in a 
professional and respectful manner that is not disruptive to others.  Please turn off your cell phone before 
coming to a class, tutorial, quiz or exam.  On the premises of the University or at a University-sponsored 
program, students must abide by the Student Code of Conduct: 
https://www.uwo.ca/univsec/pdf/board/code.pdf 
 
Contingency plan for an in-person class pivoting to 100% online learning: 
 

In the event of a COVID-19 resurgence during the course that necessitates the course delivery moving away 
from face-to-face interaction, all remaining course content will be delivered entirely online, either 
synchronously (i.e., at the times indicated in the timetable) or asynchronously (e.g., posted on OWL for 
students to view at their convenience). The grading scheme will not change. Any remaining assessments 
will also be conducted online at the discretion of the course instructor” 
 
Notice: 
 

Students are responsible for regularly checking their email, course website (https://owl.uwo.ca/portal) and 
notices posted outside the Civil and Environmental Engineering Department Office 
 
Consultation: 
 

Students are encouraged to discuss problems with their teaching assistant and/or the Instructor in tutorial 
sessions. Office hours will be arranged for the students to meet with the Instructor and teaching assistants.  
Other individual consultation can be arranged by appointment with the instructor. 
 
Course Breakdown: 
 

25% Math; 75% Engineering Science. 
 

The attached document “INSTRUCTIONS FOR STUDENTS UNABLE TO WRITE TESTS OR 
EXAMINATIONS OR SUBMIT ASSIGNMENTS AS SCHEDULED” is part of this course outline. 


