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INTRODUCTION 

This graduate level course explores the engineering mechanics of soil.  The course will be 
delivered through a series of lectures, laboratory assignments, coursework assignments and self-
study material.  The primary objectives of the course are:  (i) to better understand fundamental 
aspects of the stress-strain response of soil, (ii) to study constitutive concepts for modelling the 
stress-strain behaviour of soil, (iii) to expose the student to various advanced laboratory and field 
tests for soils, and their interpretation and (iv) to learn through case studies and application, how 
soil should be considered in civil engineering design.  The topics covered include: basic 
elasticity and plasticity theory, anisotropy and strain-rate effects, laboratory and in situ 
measurement of soil properties, basic constitutive models, critical state soil mechanics, and 
applied soil mechanics.  On completion of the course, students are expected to have the 
necessary knowledge and skills to approach the design of a number of challenging Canadian 
geotechnical engineering problems. 
 
 
DELIVERY MODES 

The modes of delivery and expected student effort for the course are as follows                         
(3 hours lecture/assignment/laboratory time per week): 

 

Formal Contact Time (hr) Supporting Work Time (hr) Ratio 

Lectures 24 Private study/recommended reading 48 1:2 

Assignments 4 Preparation 36 1:9 

Laboratory Classes 6 Lab testing/parameter determination 48 1:8 

Total 33 Total 132 1:4 
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COURSE CONTENT 

Theme # Topics Assignment/Lab Work Lectures 

Introduction  Introduction to the course and the critical 
state soil mechanics concept. 

Assignment 1 - Relationship 
between basic soil and 
fundamental engineering 
parameters. 
 

1 hr 

Elasticity  Effective stresses. Volume change 
behaviour of soils. Stress-strain invariants. 
Isotropic / anisotropic moduli. Modeling of 
drained and undrained behavior. The role of 
elasticity in soil mechanics. Small strain 
elasticity theories. 
 
 

Laboratory 1- Liquid Limit, 
Plastic Limit, Natural 
Moisture Content, Particle 
Size Distribution, MIP.  
 
Assignment 2 - Prediction of 
field behavior with elastic 
theory. 
 

2 hr 

Plasticity, 
Yield and 
Basic Soil 
Models  

Plasticity theory. Yield in metals. Combined 
loading and yield loci. Yield in sands and 
clays. Volume change and plastic 
hardening. Friction block model. Plastic 
potential. Normality and stability. 
 

 4 hr 

Critical 
State Soil 
Mechanics 
(CSSM) 

Introduction to the elasto-plastic modeling 
of soils. Critical state concept. Behavior of 
normally/over-consolidated clays, and 
loose/dense sands. Critical state and 
constant volume. Stress-dilatancy. 
 

Laboratory 2 - QU and CIU 
Triaxial testing              
(Determine c´, ´, cu, etc.). 
 

4 hr. 

Shear 
Strength 

Mohr-coulomb failure. Critical state line 
and undrained/drained strength. Peak and 
residual strengths. Stress paths and 
laboratory tests.  
 

Laboratory 3 – Oedometer 
(e-´-k, Cv, etc.) 
 
 
 

4 hr.  

Cam Clay 
Models 
 
 
Applications 
of CSSM 
 
 
 
 
 
Summary 

Introduction. Cam clay / Granta gravel. 
Triaxial test predictions. Applications of 
model and critical state soil mechanics. 
 
Yield surfaces of real soils.  Fissured/varved 
clay. Strength anisotropy. Strain-rate and 
viscous effects. In situ stress states. Sample 
disturbance and effects. Interpretation of 
lab/in situ data using CSSM. Predictions 
using general CSSM.  
 
Overview of course and final thoughts. 

Assignment 3 – Predictions 
of triaxial data with CSSM  
 
 
Assignment 4  - Develop 
spreadsheet to predict the 
change in stress and strain 
below an embankment. 
 

4 hr. 
 
 
 
4 hr. 
 
 
 
 
 
 
1 hr. 

  Total: 24 hr. 
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ASSESSMENT 

Assessment will be based on coursework only: 

Laboratory reports (group work): 50% of final mark 
Assignments (individual work): 50% of final mark 

 
COURSEWORK 

There will be a total of four (4) assignments and three (3) laboratory reports.  Each student (or 
group) is responsible for submitting a concise and professional report of his/her/their analysis and 
results.  Reports should be written according to the ‘Instructions to Authors’ utilized by the 
Canadian Geotechnical Journal (see  http://pubs.nrc-cnrc.gc.ca/rp/rppdf/cgj_instruct_e.pdf  under 
the heading ‘PARTS OF THE MANUSCRIPT’). 
 
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 the improper use of English.  Additionally, poorly 
written work with the exception of final examinations 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, which might include expulsion from the program.  If you 
are caught cheating, there will be no second warning. 
 
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. 
 
SICKNESS AND OTHER PROBLEMS 

Students should immediately consult with the instructor or Department Chair if they have any 
problems that could affect their performance in the course.  Where appropriate the problems should 
be documented.  The student should seek advice from the instructor or Department Chair regarding 
how best to deal with the problem.  Failure to notify the instructor or Department Chair immediately 
(or as soon as possible thereafter) will have a negative effect on any appeal. 
 


