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SUMMARY

Previous knowledge and recommendations

Having passed all first-year courses, especially Mathematics I & II and Physics I & II, as well as the first-semester, second-year courses: Mechanics 
of Machines and Materials Science and Engineering.
 

Brief summary of the course

Concept of stress and strain in a beam (or structural element). Analysis of internal forces in the cross-section: tension and compression, torsion, 
shear, simple bending, unsymmetrical (or non-uniform) bending, and combined bending. Lateral buckling. Design and verification of structural and 
machine elements for strength, stiffness, and stability
 

CONTENT DESCRIPTION

Theory
Thematic Block A: ELASTICITY
CHAPTER I.- Introduction to Elasticity.
- Introduction to Continuum Mechanics.
- The Elastic Solid and its Properties.
- Hypotheses and Principles of Elasticity.
CHAPTER II.- Stresses
- The Concept of Stress.
- Equilibrium Equations.
- Principal Stresses. Invariant Properties.
- Plane Stress.
- Graphical Representation of Stresses. Mohr's Circles.
CHAPTER III.- Strains.
- Introduction. Volume Changes and Shape Changes.
- The Concept of Strain.
- The Strain Matrix. Properties
- Compatibility Equations.
- Plane Strain.
CHAPTER IV.- Stress - Strain Relationship.
- The Tensile Test.
- Transverse Strain. Poisson's Ratio.
- Stress - Strain Relationship. Hooke's Law.
- Lamé's Equations.
- Formulation of the Elastic Problem
CHAPTER V.- The Energy Approach to Elasticity.
- Introduction. Strain Energy.
- Expressions for Strain Energy.
- Castigliano's Theorem
- Yield Criteria. Von Mises Stress.
CHAPTER VI.- Analysis of Thin-Walled Pressure Vessels.
- Introduction. Thin shells.
- Cylindrical and Spherical Vessels Subjected to Internal Pressure.
- Open Cylindrical Tanks Containing Liquids.
- Cylindrical Pipelines Subjected to Pressure.
Thematic Block B: Strength of Materials
CHAPTER VII.- Basic Concepts of Strength of Materials.
- Introduction.
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- The structural member (mechanical prism).
- Definition of internal forces in the cross-section.
- General Principles of Strength of Materials.
- External equilibrium and cross-sectional equilibrium.
- Types of supports. Support reactions.
- Statically determinate and indeterminate systems.
CHAPTER VIII.- Tension and Compression.
- Stresses due to uniaxial tension or compression.
- Equations and diagrams of axial forces.
- Deformations produced by axial force.
- Study of tension or compression caused by self-weight.
- Expression of the strain energy associated with axial force.
CHAPTER IX.- General Theory of Bending.
- Simple Bending. Navier's Law.
- Relationship between Shear Force and Bending Moment.
- Equations and diagrams of bending moments and shear forces.
- Analysis of the ten elementary beams.
- Stresses produced by Shear Force. Collignon's Theorem.
- Principal stresses and von Mises stress in Bending.
CHAPTER X.- Deflections Produced by Bending
- Differential Equation of the Deflection Curve (Elastic Curve).
- Double Integration Method.
- Mohr's Theorems in Bending.
- Expression of the Strain Energy in Simple Bending.
- Deformation produced by Shear Force.
CHAPTER XI.- Unsymmetrical and Combined Bending.
- Introduction.
- Unsymmetrical Bending. Neutral Axis.
- Deformation produced in Unsymmetrical Bending.
- Combined Bending or Eccentric Tension/Compression.
- Center of Pressure
- Neutral Axis and Core in Combined Bending.
CHAPTER XII.- Lateral Buckling or Buckling.
- Introduction. Column Stability.
- Euler's Formula.
- Critical Load according to support conditions. Effective Buckling Length.
CHAPTER XIII.- Torsion
- Pure Torsion. Elementary theory for circular cross-section members.
- Determination of twisting moments (torques) in beams.
- Torsion of non-circular cross-section members.
- Strain energy of a member subjected to torsion.
 

Practice
Laboratory Sessions (each academic year, 5 lab sessions will be carried out: 4 of theavailable sessions + 1 lab exam)
Practice 1: Solving Elasticity problems with MATLAB- The objective of this practice is the programming of a MATLAB script that includes 
variousfunctions to solve a problem regarding the calculation of principal stresses associated witha known stress state expressed in a Cartesian 
coordinate system. In particular, given astress tensor, students are required to obtain the principal stresses and directions,invariants, and the 
graphical representation on Mohr's circle. To achieve this, variousfunctions must be programmed to calculate the eigenvalues and eigenvectors of 
a matrix,obtain the invariants of the stress tensor, and display Mohr's circle on the screen.
Practice 2: Analysis of stress and strain in cylindrical shells subjected to pressure- This laboratory practice serves to demonstrate the 
existence of a plane stress state in athin-walled vessel under internal pressure. Specifically, the electrical resistance straingauge technique is 
applied to evaluate the strains that occur in specific directions when thevessel is pressurized by means of a hydraulic pump. Initially, students are 
introduced to thefundamentals of strain gauging, describing the characteristics, operation, and installation ofdifferent types of strain gauges, as 
well as their measurement on a test bench using voltageamplifiers and their electrical connection. Following this, strains are measured in 
twodirections of the sealed cylindrical vessel (longitudinal 0° and azimuthal 90°) using themeasurement amplifier; after which the experimental 
principal stresses are calculated.These values are compared with the theoretical stresses for a cylindrical pressure vesseland the error is 
determined. Finally, Mohr's circle for the problem is drawn, and the vonMises and Tresca yield criteria are represented.
Practice 3: Electrical Resistance Strain Gauging applied to Mechanics of Materials:Tension/Compression, Torsion, and Bending- This 
practice is dedicated to the study of strain gauging and its use as an experimentaltechnique for measuring strains. This practice studies its 
application in tension, simplebending, and torsion problems, which constitute characteristic types of loading in structuraland mechanical elements. 
Although the corresponding theories are studied in greater detailin the second part of the course, corresponding to Mechanics of Materials, the 
fundamentallaws relating internal forces, stresses, and strains are succinctly introduced.
Practice 4: Numerical solution of internal force diagrams in beams usingcomputational software. Introduction to BIM- The practice 
focuses on detailing the basic use of Robot Structural Analysis Professionalsoftware, belonging to the Revit BIM environment, to solve some of the 
fundamentalproblems introduced in this course. The idea is to provide students with an additionalnumerical verification tool for autonomous work 
in solving and designing staticallydeterminate (isostatic) beams. In particular, a guided example is carried out to obtain theinternal force diagrams 
of an asymmetrical beam with distributed and point loads, verticaland horizontal, and external moments. In addition, the deflections generated in 
the beam are analyzed, and the Serviceability Limit State verification is applied to evaluate theadmissibility of the deflection.



Syllabus
13512008 - Elasticity and strength of materials

Academic year 2026-27

Elasticity and strength of materials Page 4 de 9

Practice 5: Experimental measurement of the elastic curve in simple bending- Bending loads are common in any structural element, and 
knowing their effects isessential for engineering students and any professional. This practice studies the verticaldeflection or deformation 
produced in a bar by a bending force, for different types of bars,load values, and spans between supports. The experimentally obtained values will 
becompared with those obtained theoretically through the application of Mohr's secondtheorem.
Practice 6: Strength design of statically determinate beams under combined bendingusing computational software- This practice 
extends part of the basic work developed in the previous practice on thebasic use of Robot Structural Analysis Professional software. On this 
occasion, the design ofa statically determinate (isostatic) mechanical prism subjected to combined bending iscarried out, adopting the simplified 
strength criterion of the course. In addition to obtaininginternal force diagrams, the practice will analyze in detail the normal and shear 
stressesproduced in the most demanding cross-section of the beam, graphically studying thedistribution of the von Mises equivalent stress. After 
this, the strength will finally be verifiedaccording to the Ultimate Limit State verification criteria, regulated by structural designcodes, to evaluate the 
admissibility of the beam.
Practice 7: Unsymmetrical and Combined Bending. Introduction to member sizingand profile design- In this practice, the concepts of 
unsymmetrical and combined bending are reinforced. Inparticular, since these concepts are developed in depth in Topic 11 of the course syllabus, 
abrief theoretical introduction on concurrent forces and stress equations for both cases iscarried out. Furthermore, common applications are 
detailed, and the practice focuses on thedesign of prismatic bars and standardized cross-section beams, which is performed usingExcel 
spreadsheets and MATLAB scripts to simulate different situations.
Practice 8: Lateral Buckling. Buckling Length according to Support Conditions- This practice introduces students to the calculation of the 
Euler critical load for differentsupport conditions of prisms, as seen in Topic 12, and its comparison with experimentalresults obtained through 
measurements on a load bench designed for this purpose.
 

TEACHING METHODOLOGIES AND FORMATIVE ACTIVITIES

Teaching methodologies
LECTURE CLASSESThe lecture classes will cover the sections of the official syllabus of the course through the use of the blackboard and/or 
audiovisual media. Students may participate at any time, and any questions that arise will be addressed immediately. During the lecture classes, the
course problems included in the different problem sets will be solved in a participatory manner, with discussion of the results and solution 
methods. Specifically, for each topic, introductory and application problems will be selected to consolidate knowledge, and, as a synthesis activity, 
problems from previous years' examinations will be solved.The content of the theoretical sessions, as well as the selected introductory and 
synthesis problems, is faithfully presented in the course textbook Fundamentals of Elasticity and Strength of Materials (J. I. Jiménez González, J. 
Fernández Aceituno, F. Suárez, and J. D. Carazo Álvarez; Paraninfo Publishing House, 2020, ISBN 978-84-283-4442-5). In addition, to support both 
classroom instruction and independent study, students will have access, through the course online platform, to detailed notes and summary slides 
that complement classroom teaching. Problem sets for each topic and all previous examinations since the implementation of the degree program 
will also be provided.Students will also have access to the course YouTube channel, ujacontinuummechanics. This channel contains educational 
and research content produced by the instructors of the area, including solved problems and explanatory videos of fundamental concepts.
Additionally, flipped-classroom experiences may be implemented for selected topics so that students acquire the basic knowledge before attending
class and consolidate it under the supervision and guidance of the instructor during classroom sessions. To this end, students will have access to 
the complete material for the selected topic on the PLATEA platform (including theory and problems) sufficiently in advance, together with 
supporting audiovisual resources. Learning consolidation will be achieved through problem solving and practical case studies in the sessions 
devoted to this activity.Furthermore, and on an optional basis, additional theoretical content (in English) related to concepts from Blocks 1 and 2 
may be delivered as part of the Internationalization of the Course. (Activities: A1; Methodologies: M1, M2)PRACTICAL SESSIONSThe practical 
sessions will take place in the laboratory of the Area of Continuum Mechanics and Structural Theory or in computer laboratories. They will consist 
of two parts: an introductory section in which the instructor explains the tasks to be performed, and a group-work section in which students carry 
out the activities using the laboratory equipment.To ensure the proper development of the practical sessions, students will have access through 
PLATEA, sufficiently in advance, to the laboratory manuals for each session. These manuals are self-contained and include two parts: a complete 
theoretical introduction that allows students to understand the foundations of the session without necessarily having previously studied the topic in
class, and a description of the equipment to be used and the tasks to be performed. Therefore, students are strongly encouraged to read the 
manual carefully before attending the practical session.A significant portion of the work following data acquisition in the laboratory or the use of 
scripts in the computer laboratory will be completed independently by students, under the initial supervision of the instructor, who will provide 
guidance and indicate the calculations to be carried out and submitted using spreadsheets and/or computational software scripts. Laboratory 
reports may be submitted immediately after the session or at a later date through PLATEA, subject to a specified deadline. The submission 
procedure will be determined by the instructors at the beginning of the course.The objective of these laboratory sessions is twofold. First, students 
must acquire familiarity and proficiency in the use of measurement and control equipment. Second, they are encouraged to develop careful 
observation skills regarding specific physical phenomena and to provide reasoned interpretations of more complex situations through detailed 
analysis of their most relevant aspects. Finally, the preparation of laboratory reports, including tables, graphs, and data analysis, provides valuable 
experience that will be useful in their future professional careers as engineers.Additionally, and on an optional basis, further practical content (in 
English) related to concepts from Blocks 1 and 2 may be delivered as part of the Internationalization of the Course. (Activities: A2; Methodologies: 
M6R, M7R, M11R)GROUP TUTORIALSAs a complementary activity, group tutorials or seminars may be organized to reinforce and expand concepts 
in Elasticity and Strength of Materials, address applied problems, and clarify doubts. These activities may also be replaced by discussion forums.In 
particular, practical case-study seminars will focus on introducing students to real engineering problems and applications of fundamental theory, 
such as construction pathologies or catastrophic failures of buildings and civil infrastructure. Supporting audiovisual material specifically 
developed for this purpose will be used, and independent activities will be assigned through the Virtual Learning Environment. (Activities: A3; 
Methodologies: M16, M17)PROJECT-BASED LEARNINGAs a complement to the guided learning process, a group activity based on project-based 
learning is proposed. This activity consists of a supervised project to be carried out throughout the semester and monitored through the seminars 
or group tutorials included in the course guide.The activity aims to: (1) analyze a new problem using different techniques, including information 
retrieval, experimental planning, experimentation, experimental data analysis, and theoretical analysis, thereby allowing students to deepen their 
understanding of a specific topic in Elasticity and Strength of Materials; and (2) promote habits of associating ideas, identifying and using 
information sources, and developing independent criteria while progressively solving the challenges encountered.Through this activity, 
competencies CB2, CB3, and CT2 are fostered. Furthermore, because students are required to present the final results to their classmates, 
competency CB4 is also developed.The activity covers complementary aspects of the laboratory sessions, including: (1) calculation of principal 



Syllabus
13512008 - Elasticity and strength of materials

Academic year 2026-27

Elasticity and strength of materials Page 5 de 9

stresses in cylindrical pressure vessels subjected to internal pressure (Topic 6); (2) measurement of the deformation of simply supported and 
cantilever beams subjected to simple bending (Topics 9 and 10); and (3) characterization of the critical buckling load in slender structural elements 
(Topic 12).Additionally, the project may optionally be proposed in English as an experiential learning activity (COIL Action – UJA) in collaboration 
with foreign companies and institutions.
 

Training activities

ACTIVIDADES HORAS PRESEN­
CIALES

HORAS TRABAJO 
AUTÓ­NOMO

TOTAL HORAS CRÉDITOS ECTS COMPETENCIAS 
(códigos)

A1 - Clases 
expositivas en gran 
grupo 

• M1 - 
Clases
magis
trales

• M2 - 
Exposi
ción 
de 
teoría 
y 
ejempl
os 
gener
ales

45.0 67.5 112.5 4.5

• CB2R
• CB3R
• CB4R
• CC8
• CT2
• CT4
• CT6

A2R - Clases en 
pequeño grupo 

• M11R 
- 
Resol
ución 
de 
ejercic
ios

• M6R - 
Activi
dades 
practi
cas

• M9R - 
Labor
atorio
s

10.0 15.0 25.0 1.0

• CC8
• CT2
• CT4
• CT6

A3R - Tutorías 
colectivas 

• M16R 
- 
Foros

• M17R 
- 
Aclara
ción 
de 
dudas

0.0 12.5 12.5 0.5

• CC8
• CT2
• CT4
• CT6

TOTALES: 55.0 95.0 150.0 6.0  
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ASSESSMENT METHODOLOGY

Assesment systems
Weighting ranges in the subject's evaluation systems according to the RUCT report (Registry of Universities, Centers, and Degrees):

Evaluation System Minimum Weighting Maximum Weighting

S1 - Attendance and participation 0 % 10 %

S2 - Theoretical concepts of the subject 60 % 70 %

S3 - Completion of assignments, cases, or 
exercises

20 % 40 %

 
Assesment systems (specific)

Specific Weighting for the Course: Elasticity and Strength of Materials:

S1 – Attendance and Participation: 5 %

S2 – Theoretical Concepts of the Subject: 70 %

S3 – Assignments, Case Studies, and Exercises 
(laboratory sessions, reports, guided activities, etc.)

25%

 
DETAILED INFORMATION:
In the theoretical examination, students must demonstrate proficiency in both the theoretical and practical (problem-solving) contents of the 
subject, obtaining a mark greater than zero in each of these sections. The weighting within the examination will be 30% theoretical content and 
70% practical/problem-solving content.
To pass the course, students must independently pass both the Final Examination and the Laboratory Component. Laboratory assessment 
will be based on laboratory reports and an assessment test administered at the end of the laboratory sessions. Reports may be submitted at the 
end of each session or later through PLATEA, subject to the established deadline. The assessment test will include questions and practical cases 
related to the activities carried out in the laboratory.
Additionally, students must submit the spreadsheets or documents corresponding to their independent work after each laboratory session. It 
should be noted that attendance at laboratory sessions is mandatory, and failure to attend will automatically result in failing the laboratory 
component.
Furthermore, within the category "Assignments, Case Studies, and Exercises", a Group Guided Activity in Strength of Materials may be 
assigned as a Project-Based Learning (PBL) activity. This activity will be included in the S3 – Assignments assessment category and may 
account for 10% of the final course grade. To obtain the maximum mark for this component, students must prepare a written report describing 
the project, methodology, data processing, results, and conclusions. and an explanatory video presentation describing the development of the 
activity. The grade for this component will be 50% written report and 50% presentation.  Assessment criteria will include originality of the 
experimental setup and methods employed, rigor of the results obtained, integration of digital tools, and the use of a foreign language (optional).
In addition, attendance and participation may be assessed through short quizzes conducted at the end of each topic during class using mobile 
devices (e.g., Kahoot), practical case studies, or attendance at laboratory sessions.
For the Extraordinary Examination Period, students who have failed the laboratory component must take a Laboratory Examination, which 
will assess the content covered during the laboratory sessions throughout the academic year. Passing this examination will be a necessary 
condition for passing the course during the extraordinary examination period. In such cases, the final course grade will correspond to the grade 
obtained in the extraordinary final examination.
 

SUSTAINABLE DEVELOPMENT GOALS

Sustainable Development Goals

04 Educación de calidad - ODS04
09 Industria
innov. e infraestr. - ODS09
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• Goodno, Barry J., Gere, James M. - () - Mechanics of Materials - CENGAGE LEARNING
 
.

COMPETENCES / LEARNING AND TRAINING OUTCOMES

The course is part of the subject area "Mecánica", the successful completion of which certifies that the following 
competences or learning and training outcomes have been acquired:

Kind Code Description
General competences 135ACC9 Basic knowledge of production and manufacturing systems.
Core competences CB4 That students can transmit information, ideas, problems and 

solutions to both specialized and non-specialized audiences.
Cross-cutting competences 135ACT4 Capacity to apply new technologies including information and 

communication technologies.
Core competences CB3 That students have the ability to gather and interpret relevant 

data (usually within their area of study) to make judgments 
that include reflection on relevant social, scientific or ethical 
issues.

General competences 135ACC7 Knowledge of the principles of machine and mechanism 
theory.

General competences 135ACC8 Knowledge and use of the principles of strength of materials.
Core competences CB2 That students know how to apply their knowledge to their 

work or vocation in a professional manner and possess the 
competences usually demonstrated through the development 
and defense of arguments and problem solving within their 
area of study.

Cross-cutting competences 135ACT2 Capacity for information management, handling and 
application of technical specifications and legislation necessary
for the practice of engineering.

Cross-cutting competences 135ACT6 Capacity for oral and written transmission of information 
adapted to the audience.

STUDENTS WITH SPECIFIC NEEDS FOR EDUCATIONAL SUPPORT

Students with disabilities and/or Specific Needs for Educational Support (NEAE) may contact the Diversity Unit and 
the Student Support and Grants Service to receive the necessary guidance and advice:
 https://www.ujaen.es/gobierno/vicigualdad/unidad-de-diversidad/alumnado-con-discapacidad-yo-neae

CONTINGENCY PLAN

The University of Jaén has established a unified regulatory framework to guarantee the continuity of the educational 
service and the safety of the university community in the event of an emergency scenario being activated (health, 
natural, or specific):

https://www.ujaen.es/gobierno/vicigualdad/unidad-de-diversidad/alumnado-con-discapacidad-yo-neae
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https://www.ujaen.es/gobierno/vicestudios/sites/gobierno_vicestudios/files/uploads/calidad-
ensenanzas/resolucion_vicensenanzas_plan%20de%20contingencia.pdf

CLAUSES

Data protection for session recording
Data controller: University of Jaén, Paraje Las Lagunillas, s/n; Tel. 953 212121; www.ujaen.es

Data Protection Officer (DPO): TELEFÓNICA, S.A.U.; Email: dpo@ujaen.es

Purpose of processing: To manage the appropriate recording of teaching sessions with the aim of enabling teaching 
in a multimodal and/or distance learning scenario.

Retention period: Images will be retained for the periods legally provided for in current regulations.

Lawful basis: Data are processed based on compliance with legal obligations (Organic Law 6/2001, of December 21, 
on Universities) and the consent granted by ticking the box provided for this purpose.

Data recipients (disclosures or transfers): Anyone who is going to access the different learning modalities.

Rights: You may exercise the rights of Access, Rectification, Erasure, Portability, Restriction of processing, Deletion 
or, where applicable, Objection. To exercise these rights, you must submit a written request to the address indicated 
above, addressed to the

Information, Registry and Electronic Administration Service of the University of Jaén, or by email to the provided 
email address.

You must specify which of these rights you request to be fulfilled and, in turn, it must be accompanied by a 
photocopy of your ID card or equivalent identification document. If acting through a representative, whether legal or 
voluntary, you must also provide a document certifying such representation and their identification document. 
Furthermore, should you consider your right to personal data protection to have been breached, you may lodge a 
complaint with the Transparency and Data Protection Council of Andalusia www.ctpdandalucia.es

Data protection for online assessment
Data controller: University of Jaén, Campus Las Lagunillas, s/n, 23071 Jaén Data Protection Officer: dpo@ujaen.es

Purpose: In accordance with the Law on Universities and other current state and regional legislation, to conduct the 
exams corresponding to the courses in which the student is enrolled. In order to prevent fraud during the exam, it will 
be conducted in the video call modality, and University of Jaén staff may compare the image of the person taking the 
assessment test with the student's photographic files from the time of enrollment. Likewise, with the purpose of 
providing the assessment test with evidentiary content for the purposes of reviews or appeals, in accordance with 
currentregulations, the assessment test will be recorded.

Lawful basis: compliance with legal obligations (Law on Universities) and other current state and regional 
regulations.

Recipients: service providers who are owners of the platforms where the tests are conducted, with whom the 
University of Jaén has signed the corresponding data access contracts.

Retention periods: those established in the applicable regulations. In the specific case of exam recordings, until the 
final grade sheets are closed and the assessment test can no longer be reviewed or appealed.

Rights: you may exercise your rights of access, rectification, erasure, objection, deletion, restriction, andportability by 
sending a written request to the postal or email address indicated above. In the event that you consider your rights to 
have been breached, you may lodge a complaint with the Transparency and Data Protection Council of Andalusia 
www.ctpdandalucia.es

COMMITMENT TO EQUALITY AND GENDER PERSPECTIVE

Within the framework of Organic Law 2/2023, of March 22, on the University System (LOSU), which reinforces 
universities' commitment to equality and inclusion, this course will promote the incorporation of a gender 

https://www.ujaen.es/gobierno/vicestudios/sites/gobierno_vicestudios/files/uploads/calidad-ensenanzas/resolucion_vicensenanzas_plan%20de%20contingencia.pdf
https://www.ujaen.es/gobierno/vicestudios/sites/gobierno_vicestudios/files/uploads/calidad-ensenanzas/resolucion_vicensenanzas_plan%20de%20contingencia.pdf
file:/oracle/ora12as/productWLSE_12.2.1.4.0/user_projects/domains/WLSEDomain1/www.ujaen.es
mailto:dpo@ujaen.es
file:/oracle/ora12as/productWLSE_12.2.1.4.0/user_projects/domains/WLSEDomain1/www.ctpdandalucia.es
file:/oracle/ora12as/productWLSE_12.2.1.4.0/user_projects/domains/WLSEDomain1/www.ctpdandalucia.es
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perspective. To this end, efforts will be made to highlight leading female authors in the bibliography, foster an 
inclusive communication environment in the classroom, and reflect on how gender biases may have influenced the 
development of this discipline. The following guides are available for this purpose: Guías de apoyo para perspectiva 
de género.

https://www.ujaen.es/gobierno/vicigualdad/unidad-de-igualdad/guias-de-apoyo-para-la-transversalizacion-del-genero-en-la-docencia-e
https://www.ujaen.es/gobierno/vicigualdad/unidad-de-igualdad/guias-de-apoyo-para-la-transversalizacion-del-genero-en-la-docencia-e

