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Summary

This course deals with the nonlinear modelling and analysis of structures when subjected to monotonic, cyclic, and
dynamic loadings, focusing in particular on the seismic response of structures. It introduces solution methods for
nonlinear static and dynamic problems.

Content

The course is based on assignments in which students will model structures tested in the laboratory and compare
numerical results to experimental results.

• Expressing the nonlinear static and dynamic problem for single-degree-of-freedom and multiple-degree-of-freedom
systems.

• Solution Methods in Nonlinear Static Analysis: Newton-Raphson methods, incremental-iterative procedures with
variable loading parameter.

• Modelling of different components in buildings and bridges: columns, beams, walls, foundations, slabs, and bearings.

• Material models for concrete, steel and masonry for modelling plasticity and damage under cyclic loading.

• Total and incremental compatibility and equilibrium relations of beams, accounting for large displacements.

• Differential equations for Euler-Bernoulli and Timoshenko beams. Sectional analysis of RC sections.

• Beam formulations with concentrated and distributed plasticity approaches (force-based and displacement-based).

• Damping models.

• Nonlinear static and dynamic analysis.

• Review of past blind prediction tests and comparison between numerical and experimental results.

Keywords

Finite element analysis, modelling of structures, seismic analysis

Learning Prerequisites

Required courses

• Course in linear finite element analysis (CIVIL-321 Modélisation numérique des solides et structures or
equivalent) and courses in structural / continuum mechanics (CIVIL 124 Statics I, CIVIL-238 Structural
Mechanics (for GC), CIVIL-224 Statics II, CIVIL-225 Continuum Mechanics (for GC) or equivalent courses)
• Structural dynamics (CIVIL-420 Dynamique des structures or equivalent)

Learning Outcomes
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By the end of the course, the student must be able to:

• Hypothesize different structural members with adequate modelling approaches

• Choose appropriate constitutive laws, element formulations and solution methods for structures undergoing inelastic
deformations

• Conduct nonlinear static and dynamic analyses of complete structures

• Apply a nonlinear finite element software for seismic modelling and analysis

• Interpret output and estimate achievable simulation accuracy

Assessment methods

The assignments and the final exam count 50% towards the final grade.

Supervision

Office hours Yes
Assistants Yes
Forum No
Others Slides are distributed via the moodle-page of the course.

Prerequisite for

"Le contenu de cette fiche de cours est susceptible d'être modifié en raison du covid-19"

2021-2022 COURSE BOOKLET

Nonlinear analysis of structures Page 2 / 2


