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4. OBJECTIVES
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To acquire the necessary knowledge to understand the structural behaviour of civil engineering structures and their appropriate
idealisation through simplified structural models.

To understand the nature of the actions acting on structures and their proper consideration within the structural analysis models
employed in engineering practice.

To learn the analysis of structures using the classical flexibility method and its application to the calculation and assessment of pin-
jointed structures and trusses of different types.

To understand the phenomena of structural instability associated with members subjected to compressive forces and to apply these
concepts to the design and verification of truss structures.

To learn the analysis of structures using the classical stiffness method and its practical application to the calculation of continuous
beams and framed structures of varying complexity.

To understand the concept of influence lines and their application to the analysis of structures subjected to moving loads, with particular
emphasis on bridge engineering.

To acquire the fundamental principles of matrix structural analysis using the stiffness matrix method and to apply this technique to the
analysis of the most common structural systems, including trusses, frames, and grillages.

To become familiar with the characteristics, capabilities, and limitations of commercial structural analysis software and its practical
application to the solution of structural engineering problems.

6. SUBJECT PROGRAM

1 1. INTRODUCTION TO STRUCTURAL ANALYSIS

1.1. Structural Concepts and Structural Modelling

Concepts of structure and structural model, and the differences between them. Types of structural members and their
idealisation for analysis purposes. Structural models based on one-dimensional (1-D), two-dimensional (2-D), and three-
dimensional (3-D) elements.

Characteristics of real loads and actions and their idealisation for structural analysis. Types of internal forces and stress
resultants. Fundamental relationships used in structural analysis: equilibrium equations, compatibility conditions, and
constitutive relationships. Structural analysis methods.

Structures composed of one-dimensional (1-D) elements: assumptions, simplifications, and limitations.

1.2. Review of Fundamental Concepts for Structural Analysis

Young's Modulus (Modulus of Elasticity), Axial Stiffness, Second Moment of Areq, Flexural Stiffness, Shear Modulus, Shear
Stiffness, Torsional Constant, and Torsional Stiffness.

1.3. Conceptual Structural Design

Thrust Line Analysis.

Introduction to the design of steel structures, including the concepts of instability due to lateral buckling and local buckling
phenomena.

Introduction to the design of reinforced concrete structures, including the conceptual analysis of flexural, shear, interface
shear, and torsional resistance mechanisms.

2 2. STRUCTURAL ANALYSIS USING THE EQUILIBRIUM METHOD

2.1. Structures Composed of One-Dimensional Elements

Concepts of statically determinate and statically indeterminate structures. Basic unknowns in the equilibrium method. Concept
of the equilibrium matrix.

Application of the equilibrium method to the analysis of statically determinate planar trusses. Characteristics of real truss
structures and their idealisation for analysis purposes. Determination of member forces.

2.2. Kinematic Matrix Concept

Concept and formulation of the kinematic matrix. Calculation of structural displacements and deformations.

2.3. Alternative Method for the Calculation of Structural Displacements

The Unit Load Method (Virtual Work Method) for the determination of structural displacements and rotations.

2.4. Kinematic Actions

Characteristics and analysis of kinematic actions, including temperature effects, support settlements, and fabrication or
erection imperfections.

2.5. Special Case of Canonical Trusses

Analysis and particular characteristics of canonical truss systems.
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3. STRUCTURAL ANALYSIS USING THE FLEXIBILITY METHOD

3.1. Fundamentals of the Flexibility Method

Characteristics and basic unknowns of the flexibility method.

Concept and formulation of the flexibility matrix. Application to the analysis of continuous beams using the Three-Moment
Theorem.

3.2. Application to Statically Indeterminate Trusses

Application of the flexibility method to the analysis of statically indeterminate truss structures. Determination of the degree of
static indeterminacy. Calculation of member forces and structural displacements.

3.3. Kinematic Actions

Analysis of kinematic actions. Generalisation of the Unit Load Method (Virtual Work Method) for the evaluation of structural
displacements caused by external loads, temperature variations, support settlements, and fabrication imperfections.

4. GEOMETRICALLY NONLINEAR STRUCTURES

4.1. Introduction to Structural Buckling

Introduction to the buckling phenomenon.

Characteristics of slender members subjected to axial compressive forces. Idealised members: assumptions and simplifications
adopted in buckling analysis.

4.2. Euler Critical Load

Concept and calculation of the Euler critical load.

Concept of effective buckling length. Mechanical slenderness ratio and the Euler hyperbola.

4.3. Behaviour of Real Structural Members

Characteristics of real structural members and their differences with respect to the idealised Euler theory. Buckling resistance
and stability of compression members.

4.4. Practical Application

Buckling verification and design of truss members in accordance with the Eurocode provisions.

5. STRUCTURAL ANALYSIS USING THE STIFFNESS METHOD

5.1. Fundamentals of the Stiffness Method

Characteristics and basic unknowns of the stiffness method.

Concept and formulation of the stiffness matrix. Application to the analysis of plane frame structures.

5.2. Non-Sway and Sway Frames

Concepts of non-sway (intraslational) and sway (translational) frames.

Direct analysis of non-sway frames using the stiffness matrix method: determination of nodal displacements and internal
forces.

5.3. Effects of Kinematic Actions

Analysis of kinematic actions, including support settlements and temperature effects.

5.4. Continuous Beams as a Special Case of Non-Sway Frames

Analysis of continuous beams as a particular application of the stiffness method for non-sway frame structures.

6. APPLICATION OF THE STIFFNESS METHOD TO THE ANALYSIS OF SWAY FRAMES

6.1. Sway Frames

Concept of sway frames. Definition and practical determination of the degree of sway.

6.2. Indirect Analysis of Sway Frames

Indirect analysis of sway frames using the stiffness method. Determination of internal forces and nodal displacements.
6.3. Kinematic Actions

Analysis of kinematic actions, including temperature effects and support settlements.

6.4. Direct Matrix Stiffness Method

Direct stiffness matrix method. Degree-of-freedom formulation and solution technique for structural analysis.

7. EFFECTS OF MOVING LOADS IN STRUCTURAL ANALYSIS: INFLUENCE LINES AND ENVELOPES

7.1. Influence Lines and Envelopes

Concepts of influence lines and envelopes. Their role in the analysis and design of structures subjected to moving loads.
7.2. Maxwell’'s Reciprocity Theorem

Maxwell’s Reciprocity Theorem and its application to the construction of influence lines for statically determinate structures.
7.3. Influence Lines for Statically Indeterminate Structures

Determination of influence lines for statically indeterminate structures. Special case of continuous beams.

7.4. Envelopes of Critical Internal Forces

Determination of envelopes of critical internal forces produced by load trains and distributed live loads.

7.5. Practical Applications in Structural Design

Application of influence lines and envelopes to the design and assessment of engineering structures, including bridges,
industrial buildings, and multi-storey buildings.
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8 8. MATRIX STRUCTURAL ANALYSIS: THE STIFFNESS MATRIX METHOD

8.1. Local Stiffness Matrices for One-Dimensional Elements

Formulation of local stiffness matrices for one-dimensional structural elements, including trusses, frames, and grillages.
8.2. Local Stiffness Matrices for Two-Dimensional Elements

Formulation of local stiffness matrices for two-dimensional elements. Introduction to the Finite Element Method (FEM).
8.3. Transformation Matrices and Assembly of the Global Stiffness Matrix

Transformation matrices and assembly procedures for the global stiffness matrix of a structure.

Implementation of boundary conditions. Aligned and non-aligned support conditions.

8.4. Determination of Structural Displacements and Internal Forces

Calculation of nodal displacements, support reactions, and internal forces using the stiffness matrix method.

8.5. Commercial Structural Analysis Software

Characteristics, capabilities, and limitations of commercial structural analysis software based on the stiffness matrix method.
Practical applications to structural engineering problems.

7. ASSESSMENT METHODS AND CRITERIA

Minimum Passing Mark for Partial Exemption: 4.0/10 Written exam No Yes 40,00
Duration: 4 hours

Date: Upon completion of Topic 4

Resit Conditions: The assessment may be retaken during
the Ordinary Final Examination.

The examination will consist of two to three practical or
theory-a

Minimum Mark for Partial Exemption: 4.0/10 Written exam No Yes 40,00
Duration: 5 hours

Date of Assessment: On the date scheduled for the
Ordinary Final Examination.

Resit Conditions: The assessment may be retaken during
the Extraordinary Examination Period, under the same
assessme

Minimum Mark: 0.0/10 Work No No 20,00
Date of Assessment: Throughout the academic year.

Attendance at each examination is conditional upon the submission of the coursework assignments established at the beginning of the
academic year.

In accordance with the resolutions adopted at the ordinary meeting of the School Board held on 10 June 2010, the following provisions
apply to assessment activities that are eligible for resit:

As a general rule, and unless otherwise specified in this course guide, students may only resit those assessment activities that they have
failed, i.e., those in which they have obtained a mark lower than five out of ten (5.0/10).

As a general rule, and unless otherwise specified in this course guide, the assessment procedure used during the resit period shall be the
same as that of the original assessment activity.

Grading System

In accordance with Royal Decree 1125/2003, which regulates the European Credit Transfer and Accumulation System (ECTS) and the
grading system for official university qualifications in Spain, student performance in each subject shall be assessed using the following
numerical scale from 0 to 10, expressed to one decimal place, with the corresponding qualitative grade:

Numerical Grade Qualitative Grade

0.0 - 4.9 Fail (SS)

5.0 - 6.9 Pass (AP)

7.0 -89 Good (NT)

9.0 - 10.0Excellent (SB)

Only under duly justified circumstances (e.g., public health restrictions or other exceptional situations) may assessment activities be
conducted remotely, subject to prior authorisation by the School Management.

Students enrolled on a part-time basis may take a comprehensive final examination covering the entire course. The same requirements
and assessment criteria applicable to all other students sitting the final examination shall apply.
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