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Department of Mechanical & Aerospace Engineering 
Carleton University 

 
AERO 3101 Lightweight Structures 

 
Instructor: Prof. Mostafa El Sayed 
Contact info: E-mail: Mostafa.elsayed@carleton.ca; Phone: 4138; Office: ME3246. 
Lectures 3 hours/week (Tuesdays and Thursdays; 2:30-4:00 pm); Room ME 3165 
Tutorials One hour/week (Mondays;  1:30 pm-2:30 pm); Room CB 3400 
Office hour:  Instructor: 1 hour on Wednesdays (1:00 pm to 2:00 pm) or by appointment. 

 

PREREQUISITES: 

MAAE 3202 Mechanics of Solids II  

COURSE OUTLINE: 

1. Introduction 

Basic course assumptions; Definitions of structural systems; Principles of solution in structural analysis; 
Some basic static failure modes in lightweight structures; Structural static determinacy and indeterminacy 
analysis; Review of elementary theory of elasticity. 
 
2. Energy Methods for Deflections and Reactions 

Review: External work; Elastic strain energy, Principle of conservation of energy; Potential Energy; 
Principle of minimum potential energy; Castigliano's theorems; Principle of virtual work.  
Unit-load and unit-displacement methods; Rayleigh-Ritz methods; Introduction to the finite clement 
methods (bar and truss systems). 
 
3. Flange-Web (Semi-Monocoque) Structures 

Idealisation for thin-walled structures: sheet-stringer construction; shear flow in sheets and direct stresses 
in stringers. Shear flow in single and multi-cell closed sections. Shear deformation and the shear centre of 
closed sections. Torsion and beam shear of multi-cell structures. 
 
4. Bending of Thin Plates 

The flat plate as a two-dimensional counterpart of a beam: review of beam equations. Assumptions in thin 
plate theory. Symmetric bending of thin circular plates; stress resultants and the governing equations. 
Boundary conditions and example solutions. Method of superposition. Rectangular plates; method of 
solution. 
 
5. Buckling Instability 

Primary and secondary buckling. Review of Euler strut buckling theory and its limitations. Empirical 
formulas for design. Effects of eccentricity, initial curvation and transverse loads.  Energy methods for 
buckling loads. Buckling of thin plates: uniaxial and biaxial loads. 
 
EVALUATION 

Midterm 30% 
Final 70% 
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ACCOMMODATION STATEMENT 

You may need special arrangements to meet your academic obligations during the term. For an 
accommodation request the processes are as follows:  
 
Pregnancy obligation: write to me with any requests for academic accommodation during the first two 
weeks of class, or as soon as possible after the need for accommodation is known to exist. For more details 
visit the Equity Services website: http://www2.carleton.ca/equity/  
Religious obligation: write to me with any requests for academic accommodation during the first two 
weeks of class, or as soon as possible after the need for accommodation is known to exist. For more details 
visit the Equity Services website: http://www2.carleton.ca/equity/  
Academic Accommodations for Students with Disabilities: The Paul Menton Centre for Students with 
Disabilities (PMC) provides services to students with Learning Disabilities (LD), psychiatric/mental health 
disabilities, Attention Deficit Hyperactivity Disorder (ADHD), Autism Spectrum Disorders (ASD), chronic 
medical conditions, and impairments in mobility, hearing, and vision. If you have a disability requiring 
academic accommodations in this course, please contact PMC at 613-520-6608 or pmc@carleton.ca for a 
formal evaluation. If you are already registered with the PMC, contact your PMC coordinator to send me 
your Letter of Accommodation at the beginning of the term, and no later than two weeks before the first 
in-class scheduled test or exam requiring accommodation (if applicable). After requesting accommodation 
from PMC, meet with me to ensure accommodation arrangements are made. Please consult the PMC 
website for the deadline to request accommodations for the formally-scheduled exam (if applicable) at 
http://www2.carleton.ca/pmc/new-and-current-students/dates-and-deadlines/  
You can visit the Equity Services website to view the policies and to obtain more detailed information on 
academic accommodation at http://www2.carleton.ca/equity/ 
 


