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Course guide
250133 - MODNUMER - Numerical Modelling

Last modified: 27/10/2022
Unit in charge: Barcelona School of Civil Engineering
Teaching unit: 751 - DECA - Department of Civil and Environmental Engineering.

Degree: BACHELOR'S DEGREE IN CIVIL ENGINEERING (Syllabus 2010). (Compulsory subject).
BACHELOR'S DEGREE IN CIVIL ENGINEERING (Syllabus 2017). (Compulsory subject).

Academic year: 2022 ECTS Credits: 9.0 Languages: English

LECTURER

Coordinating lecturer: ANTONIO RODRIGUEZ FERRAN

Others: ANTONIO RODRIGUEZ FERRAN

DEGREE COMPETENCES TO WHICH THE SUBJECT CONTRIBUTES

Specific:
3051. Ability to deal with and solve advanced mathematical engineering problems, from the posing of the problem to its formulation
and implementation in a computer program.
3055. Ability to formulate, programme and apply analytical and numerical calculation models to design, planning and management.
Ability to interpret the results provided by the models in the civil engineering context.

Transversal:
592. EFFICIENT ORAL AND WRITTEN COMMUNICATION - Level 2. Using strategies for preparing and giving oral presentations. Writing
texts and documents whose content is coherent, well structured and free of spelling and grammatical errors.
596.  TEAMWORK -  Level  1.  Working  in  a  team and  making  positive  contributions  once  the  aims  and  group  and  individual
responsibilities have been defined. Reaching joint decisions on the strategy to be followed.
599. EFFECTIVE USE OF INFORMATI0N RESOURCES - Level 3. Planning and using the information necessary for an academic
assignment (a final thesis, for example) based on a critical appraisal of the information resources used.
602. SELF-DIRECTED LEARNING - Level 3. Applying the knowledge gained in completing a task according to its relevance and
importance. Deciding how to carry out a task, the amount of time to be devoted to it and the most suitable information sources.
584. THIRD LANGUAGE. Learning a third language, preferably English, to a degree of oral and written fluency that fits in with the
future needs of the graduates of each course.

TEACHING METHODOLOGY

Taught module delivery: fifteen weeks of teaching, classwork and self-study. Apart from the 6 class hours per week, self-study is
required for an average of 9 hours per week.

All classes are taught in the computer room, with one student per computer.

Although most of the sessions will be given in the language indicated, sessions supported by other invited experts may be held in
other languages. The language may change due to force majeure.
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LEARNING OBJECTIVES OF THE SUBJECT

Students will learn to formulate and program analytical and numerical methods of calculation and apply them to project planning and
management. They will also learn to interpret the results generated by the models in an engineering context.

Upon completion of the course, students will have acquired the ability to: 1. Use numerical analysis software to carry out a sensitivity
analysis of a problem in which an ordinary differential equation is solved. 2. Use a partial differential equation to solve a boundary
value problem in continuous media, finding a numerical solution, on the basis of the partial derivatives, by means of the finite
difference method or the finite element method. 3. Use numerical techniques to solve modelling problems in an engineering context.

History of numerical models and their application to engineering projects; Numerical modelling in engineering; Number storage,
algorithms and error analysis; Numerical methods for determining the root of a function; Solving systems of equations by means of
direct numerical methods and basic iterative methods; Using numerical methods to solve nonlinear systems of equations; Eigenvalue
problems;  Function  approximation;  Numerical  quadrature;  Solving  ordinary  differential  equations;  Solving  partial  differential
equations: finite difference methods and finite element methods

Intended Learning Outcomes:
1.- To demonstrate a knowledge and understanding of: the fundamentals of the behaviour and numerical approximation of differential
equations; functional approximation; truncation error and solution error; consistency, stability and convergence; direct and iterative
solution of linear systems of equations and eigenvalue problems.

2.-  To demonstrate an ability  to (thinking skills):  understand and formulate basic  numerical  procedures and solve illustrative
problems; identify the proper methods for the corresponding problem.

3.- To demonstrate an ability to (practical skills): understand practical implications of behaviour of numerical methods and solutions;
logically formulate numerical methods for solution by computer with a programming language (Matlab or Octave).

4.-  To demonstrate an ability  to  (key skills):  study independently;  use library resources;  use a personal  computer  for  basic
programming; effectively take notes and manage working time.

STUDY LOAD

Type Hours Percentage

Guided activities 9,0 4.00

Hours medium group 13,5 6.00

Hours large group 36,0 16.00

Self study 126,0 56.00

Hours small group 40,5 18.00

Total learning time: 225 h

CONTENTS

1.- Basics on modelling and programming

Description:
Introduction to modelling
Programming in Matlab

Full-or-part-time: 48h
Theory classes: 2h
Laboratory classes: 18h
Self study : 28h
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2.- Introduction to the Finite Element Method

Description:
The Finite Element Method: theory
The Finite Element Method: problems
The Finite Element Method: programming

Full-or-part-time: 28h 47m
Theory classes: 6h
Practical classes: 3h
Laboratory classes: 3h
Self study : 16h 47m

3.- Systems of linear equations

Description:
Systems of linear equations: theory
Systems of linear equations: problems
Systems of linear equations: programming

Full-or-part-time: 28h 47m
Theory classes: 6h
Practical classes: 3h
Laboratory classes: 3h
Self study : 16h 47m

4.- Root finding

Description:
Root finding: theory
Root finding: problems
Root finding: programming

Full-or-part-time: 19h 12m
Theory classes: 5h
Practical classes: 1h
Laboratory classes: 2h
Self study : 11h 12m

Test #1

Full-or-part-time: 7h 11m
Laboratory classes: 3h
Self study : 4h 11m
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5.- Functional approximation

Description:
Functional approximation: theory
Functional approximation: problems
Functional approximation: programming

Full-or-part-time: 24h
Theory classes: 6h
Practical classes: 1h
Laboratory classes: 3h
Self study : 14h

6.- Numerical integration

Description:
Numerical integration: theory
Numerical integration: problems
Numerical integration: programming

Full-or-part-time: 24h
Theory classes: 5h
Practical classes: 3h
Laboratory classes: 2h
Self study : 14h

7.- Modeling with Ordinary Differential Equations

Description:
Ordinary Differential Equations: theory
Ordinary Differential Equations: problems
Ordinary Differential Equations: programming

Full-or-part-time: 28h 47m
Theory classes: 6h
Practical classes: 3h
Laboratory classes: 3h
Self study : 16h 47m

Test #2

Full-or-part-time: 7h 11m
Laboratory classes: 3h
Self study : 4h 11m
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GRADING SYSTEM

1. The module is graded with the following elements:
- Class work (CW), to be carried out either individually or in small teams.
- Two tests (T1 and T2), which are strictly individual.

2. Class work (CW) refers, among others, to:
- Matlab coding.
- Problem solving.
- Participation in class.

3. Tests T1 and T2 will cover all the material taught from the beginning of the module.

4. Academic dishonesty (including, among others, plagiarism and falsification of results) will be severely punished, in accordance with
current academic regulations: any such act will imply a final mark of 0 in the module.

5. The final mark for the module is obtained as

Mark = CW^(1/3)*T^(2/3) with T = (T1 + T2)/2

6. Criteria for re-evaluation qualification and eligibility: Students that failed the ordinary evaluation and have regularly attended all
evaluation elements will  have the opportunity of carrying out a re-evaluation test during the period specified in the academic
calendar. Students who have already passed the test or were qualified as non-attending will not be admitted to the re-evaluation test.
The maximum mark for the re-evaluation exam will be five over ten (5.0). The non-attendance of a student to the re-evaluation test,
in the date specified will not grant access to further re-evaluation tests. Students unable to attend any of the continuous assessment
tests due to certifiable force majeure will be ensured extraordinary evaluation periods.

These tests must be authorized by the corresponding Head of Studies, at the request of the professor responsible for the course, and
will be carried out within the corresponding academic period.

EXAMINATION RULES.

Will be discussed in class.
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