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Course objectives
By the end of this course, the student will be able to:
− determine the behaviour of elastic materials subjected to two-dimensional stress states,
including the 2D elastic constitutive relationships and Mohr's Circle for stress and strain
transformation in 2D;
− determine the deflected shape of beams under a variety of loads;
− analyse two dimensional truss structures and determine their deflection;
− understand the concept of structural redundancy and analyse simple statically
indeterminate structures;
− apply the von Mises and Tresca failure criteria for 2D and 3D stress conditions;
− evaluate how a simple column will buckle under a variety of end restraints, and
demonstrate understanding of buckling in real structures.
Course outline
Kinematic analysis of beam systems (1.5 ECTS credits)
Kinematics of rigid bodies. Degrees of freedom of rigid bodies and generalized
displacements. Infinitesimal rigid displacements. Principle of superposition. Planar rigid
displacements. Centre of rotation. External constraints: kinematics classification.
Linearized boundary conditions. Constraint settlements. Centre of relative rotation among
rigid bodies. Kinematic classification of planar beam systems. Fundamental theorems of
kinematics. Graphical kinematics.
Static analysis of beam systems (1.5 ECTS credits)
Force systems. Equilibrium equations. External constraints: static classification. Static
classification of planar beam systems. Statically determined beam structures. Evaluation
of the forces transmitted by constraints. Equilibrium equations of beams. Truss analysis
using the method of sections and the method of joints. Centroid of an area. Moments of
Inertia. Parallel-axis theorem for moment of inertia of a finite area, radius of gyration,
principal moments of inertia. Stresses in Beams (axial and shear forces, bending

moments).
Stress analysis (1.00 ECTS credit)
The continuum of Cauchy. Stress tensor. Principal stresses and directions. Plane and
axial stress. Stress transformations in 2D using Mohr's circle. Equilibrium equations.
Strain analysis (1.00 ECTS credit)
Infinitesimal displacements and deformations. Strain tensor. Principal strains and
directions. Plane and axial strain. Strain gauge rosettes. Compatibility equations.
Elastic constitutive relationships (1.0 ECTS credit)
Experimental tests. Elastic behaviour of materials. Fragile and ductile failure. Elastic
constitutive relationships for isotropic materials. Elastic constants. Deformation energy.
Von Mises and Tresca failure criteria in 2D and 3D.
Beam analysis (3.0 ECTS credits)
The differential equation for bending. Discontinuities of loading. Boundary conditions.
Elastic and inelastic constraint settlements. Thermal effects. Elastic displacement of
statically determined structures. The virtual work principle. Analysis of statically
indeterminate structures. Compatibility in simple beams. Elastic displacement of statically
indeterminate structures.
De Saint Venant’s problem (2.5 ECTS credits)
Axial loading. Bending moment. Unsymmetrical beam bending. Torsion in circular
sections. Approximate solutions for thin-walled sections. Shear stresses in beams.
Approximate theory for shear stresses in beams: the Jourawsky formula. Shear
centre. Combined stresses. Shear stresses in thin-walled sections.
Euler buckling (0.5 ECTS credits)
Stable and unstable equilibrium. Support conditions, effective length, slenderness ratio,
major and minor axis buckling. Evaluation of buckling load of simple beams.
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