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Mechanics, which is an elective specialised course in
other fields of study.
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Vsebina:

1. Vsebina 1. Predavanja
- Seznanitev s Studijskimi pravili in
obveznostmi
- Predstavitev Studijske literature
- Pregled celotne vsebine predavanj
- Osnovne goemetrijske lastnosti
lahkih struktur

2. Vsebina 2. Predavanja
- Ucinkovita izraba materiala,
ugodna porazdelitev napetosti v
lahkih konstrukcijah (primerjave
zgradb iz biologije)
- Pregled vitkih (tankostenskih)
konstrukcijskih elementov: nosilec,
plosca, lupina
- Kompozitna struktura

3. Vsebina 3. Predavanja
- Problematika uporabe vitkih
elementov (nezveznosti,
nelinearnosti, imperfekcije,
medsebojni vpliv povezanih
elementov, stabilnost)

4. Vsebina 4. Predavanja
- Osnovni pojmi stabilnosti
konstrukcij, dolocitev stabilnostih
razmer v vitkih strukturah

5. Vsebina 5. Predavanja
- Limitna obtezba (preskok

Slovenscina

Prerequisites:

Meeting the enrollment conditions for
the Master's study programme of
Mechanical Engineering - Research and
Development program.

Content (Syllabus outline):

. Topics of Lecture 1

- Definition of rules and obligations
for following and completing the
course

- Presentation of relevant study
literature

- Complete overview of course
topics

- Basic geometric properties of
lightweight structures

. Topics of Lecture 2

- Efficient material use, favourable
stress distribution in lightweight
structures (comparison with
biological structures)

- Review of slender (thin-walled)
structural elements: beam, plate,
shells

- Composite structure

. Topics of Lecture 3

- Problems of slender element
application (discontinuities,
nonlinearities, imperfections,
interactions of connected elements,
stability)

. Topics of Lecture 4

- Basic concepts of stability of
structures, determination of



sistema), bifurkacija (primer: tog
drog)
- (Fizikalno pravilno) ravnovesje na
deformiranem nosilcu
6. Vsebina 6. Predavanja
- Eulerjev uklon
- Uklon imperfektnih nosilcev
(geometrijske in obremenitvene
imperfekcije)
7. Vsebina 7. Predavanja
- Uklon pod vplivom lastne teze
- Elasti¢no vpetje
8. Vsebina 8. Predavanja
- Nosilec na elasti¢ni podlagi,
gubanje
9. Vsebina 9. Predavanja
- Uklon realnega elasto-plasticnega
nosilca
- Zvrnitev konzole (uklon stojine pri
upogibu I-profila)
10.Vsebina 10. Predavanja
- Izboljsanje nosilnosti s pomocjo
optimizacije
- Definicija optimizacijskega
problema (ciljna funkcija,
enakostne in neenakostne vezi,
Karush-Kuhn-Tuckerjev izrek)
11.Vsebina 11. Predavanja
- Enostavni primeri optimizacije
- Optimizacija nosilnosti
kompozitnega nosilca na primeru
letalskega krila
12.Vsebina 12. Predavanja
- (Fizikalno pravilno) ravnovesje na
deformirani plosci
- Foppl-von-Karmanova teorija
plosc 1. del
13.Vsebina 13. Predavanja
- Foppl-von-Karmanova teorija
plosc 2. del
- Upogib elasticne plosce
14.Vsebina 14. Predavanja
- Upogib kompozitne plosce
15.Vsebina 15. Predavanja
- Gubanje kompozitnih plos¢

Temeljna literatura in viri/Readings:

stability conditions in slender
structures
5. Topics of Lecture 5
- Limit point load (snap-throug),
bifurcation (example: rigid bar)
- (Physically correct) equilibrium on
the deformed beam
6. Topics of Lecture 6
- Euler buckling
- Buckling of imperfect beams
(geometric and loading
imperfectioncs)
7. Topics of Lecture 7
- Buckling of a bar under self-
weight
- Elastic support
8. Topics of Lecture 8
- Beam on an elastic foundation,
wrinkling
9. Topics of Lecture 9
- Buckling of real-life elastic-plastic
beam
- Torsional buckling (bukling of a
web in an I-beam)
10.Topics of Lecture 10
- Improving load-carrying capacity
by optimization
- Definition of an optimization
problem (objective function,
equality and inequality contitions,
Karush-Kuhn-Tucker theorem)
11.Topics of Lecture 11
- Simple cases in optimizaion
- Optimizatiojn of load-carrying
capacity of a composite beam
(aircraft wing)
12.Topics of Lecture 12
- (Physically correct) equilibrium on
a deformed plate
- Foppl-von-Karman plate theory,
part 1
13.Topics of Lecture 13
- Foppl-von-Karman plate theory,
part 2
- Bending of an elastic plate
14.Topics of Lecture 14
- Bending of a composite plate
15.Topics of Lecture 15
- Wrinkling of compostite plates



. .M. Daniel, I. Ori: Engineering mechanics of composite materials, Oxford
University Press, 2006 [COBISS.SI-ID 8966427]
. R.F. Gibson: Principles of composite material mechanics, CRC Press, 2007

[COBISS.SI-ID 741215]

26084101]

J.S. Arora: Introduction to optimum design, Elsevier, 2004 [COBISS.SI-ID

K. Kumar, D. Zindani, J.P. Davim: Optimizing engineering problems through

heuristic techniques, CRC Press, Taylor & Francis, 2020 [COBISS.SI-ID

17397763]

Z.P. Bazant, L. Cedolin: Stability of Structures: Elastic, Inelastic, Fracture, and

Damage Theories, WSPC, 1991 [COBISS.SI-ID 630043]

G.J. Simitses, D.H. Hodges: Fundamentals of structural stability,

Elsevier/Butterworth-Heinemann, 2006 [COBISS.SI-ID 11903771]

Cilji in kompetence:

Cilji:

1. Nauciti se osnov nealinearne
mehanike konstrukcijskih
elementov

2. Nauciti se koristno uporabiti
(ne)stabilnostne pojave za
napredne funkcionalnosti

3. Nauciti se snovanja lahkih
konstrukcij za ucinkovito izrabo
materiala

Kompetence:

1. S7-MAG + P3-MAG: Sposobnost
uporabe nelienarne mehanike za
preracun konstrukcijskih elementov

2. S2-MAG + P2-MAG: Sposobnost
snovanja sistemov z naprednimi
funkcionalnostmi

3. S1-MAG + P4-MAG: Sposobnost
snovanja lahkih konstrukcij z
ucinkovito izrabo materiala

Predvideni Studijski rezultati:

Znanja:

Z1: Poglobljeno strokovno teoreti¢no
in prakticno znanje na dolocenem
podrocju, podprto s Sirso teoreticno in
metodolosko osnovo.

* Poglobljeno znanje o nelinearnem

Objectives and competences:

Goals:

1. Learn the basics of nonlinear
mechanics of structural elements

2. Learn to take advantage of
instabilites for advanced
functionality

3. Learn to design light-weight
structures for efficient material use

Competences:

1. S7-MAG + P3-MAG: Ability to
understand the basics of nonlinear
mechanics of structural elements

2. S2-MAG + P2-MAG: Ability to take
advantage of instabilites for
advanced functionality

3. S1-MAG + P4-MAG: Ability to
design light-weight structures for
efficient material use

Intended learning outcomes:

Knowledge:

Z1: Thorough professional theoretical
and practical knowledge in a selected
field of expertise that is supported
with a broad theoretical and
methodological basis.


https://plus.cobiss.net/cobiss/si/sl/bib/11903771
https://plus.cobiss.net/cobiss/si/sl/bib/630043
https://plus.cobiss.net/cobiss/si/sl/bib/17397763
https://plus.cobiss.net/cobiss/si/sl/bib/26084101
https://plus.cobiss.net/cobiss/si/sl/bib/741215
https://plus.cobiss.net/cobiss/si/sl/bib/8966427

odzivu konstrukcijskih elementov

* Poglobljeno poznavanje mehanike
kompozitnih struktur

* Poglobljeno znanje o metodah
reSevanja nelinearnih problemov za
gradnjo lahkih struktur

Spretnosti:

S1.1 Izvajanje kompleksnih
operativno-strokovnih opravil, ki
vkljucujejo tudi uporabo metodoloskih
orodij.

* Dolocitev nelinearnega
mehanskega odziva vitkih
elementov

* Dolocitev kriti¢nih notranjih
obremenitev v vitkih
konstrukcijskih elementih

* Dimenzioniranje lahkih
kompozitnih elementov

Metode poucevanja in ucenja:

Klasic¢ne oblike poucevanja:

1. P1 Avditorna predavanja z
reSevanjem izbranih - za podrocje
znacilnih - teoreti¢nih in prakticno
uporabnih primerov.

2. P2 Obravnava snovi po urejeni in
vnaprej razlozeni sistematiki.

3. P3 Avditorne vaje, kjer se teoreti¢no
znanje s predavanj podkrepi z
racunskimi primeri.

4. P4 Laboratorijske vaje z
namenskimi didakti¢nimi pripomocki

* FEksperimentalna naprava za
spremljanje upogibnih deformacij

* Trgalni stroj

* Simulacija preskoka sistema z
vzmetmi

* Eksperiment v vakuumski komori

* Eksperimentalna priprava za prikaz
tlacno-volumske karakteristike
tankih zaprtih lupin

5. P5 Uporaba studijskega gradiva v

obliki

* E-domace naloge
* E-zapiski

e In-depth knowledge of nonlinar
response of structural elements

e In-depth understanding of
mechanics of composite structures

e In-depth understanding of solution
methods of nonlinear problems for
the design of light-weight
structures

Skills:

S1.1 Executing complex operationa-
professional tasks that incorporate
usage of methodological tools.

* Determination of nonlinear
response of slender elements

e Determination of critical inner
loads in slender structural elements

* Design of light-weight composite
elements

Learning and teaching methods:

Conventional teaching methods:

1. P1 Auditorial lectures with solving
selected field-specific theoretical and
applied use cases.

2. P2 Presenting the content according
to the explained system.

3. P3 Auditorial exrecises, in which
theoretical content from the lectures is
supplemented with practical examples.

4. P4 Laboratory exercises with
special-purpose didactic devices

* Experimental apparatus for the
analysis of beam bending

* Tensile testing machine

* Vacuum chamber experiments

* Experimental apparatus for the
analysis of pressure-volume
relation in pressure vessels

5. P5 Application of study material

* E-homework

* E-manuscripts

* Printed versions

Contemporary and flexible teaching
methods:



Moderne in prozne oblike poucevanja:

Tiskana verzija 1. P6 Interactive lectures
. P7 Literature study and discussion
3. P9 Team work (discussion pro and

N

1. P6 Ivnteraktivna predavanja tra. di . f the studied
2. P7 Studijj literature in razprava contra,t 1scussion of the studie
3. P9 Skupinsko delo (razprave za - S content) ICT .
proti, razprave o prebranem) ome cases of usage:
Nekaj primerov uporabe IKT: 1. P12 Individualised homeworkes in
1. P12 Indivi lizi v a web classroom
nalogrédlwdua izirane domace 2. P14 Virtual experiments (FEM
2. P14 Virtualni eksperimenti (FEM simulations)
simul ; ci}le) ! pent L 3. P15 Application of videos for
3. P15 Uporaba video vsebin kot prepa.rations to the lectures and
priprava na predavanja in vaje exercises
Nacini ocenjevanja: Delez/ Assessment:
Weight
Izpit (predavanja - teorija) 60,00 % Examination (lectures - theory)
Izpit (vaje - naloge, prepracuni) 20,00 % Examination (exercises - design
calculations)
Laboratorijske vaje 10,00 % Laboratory exercises
Domaca naloga 10,00 % Homework
Ocenjevalna lestvica: Grading system:
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