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There is practical need to analyse safety against the instabilities caused by 
structural geometry and internal forces combined.

The new technical discipline arises for that purpose – stability of structures.

Stability of Structures

[16]

[17]

[15]



Theory
The problem of the geometrical instability is 

expressed by unified differential equations as 

a result of combined kinematic and material 

expressions as well as equilibrium relations.
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Stabilnost konstrukcija

Experiments
Experimental setup models the 

practical problem and confirms the 

theoretical results.

[14]
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Stability of Structures



Stabilnost konstrukcija

Numerical solutions
Complex practical problems can be 

solved with numerical methods.

The most often used is Finite Element 

Method.
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Stability of Structures
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Plate and shell 

structures
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[27]

Different types of plate and shell structures in Civil Engineering: walls, 
membranes, plates and shells. 

[26]

[60] [28]

Plate and shell structures



What is the difference between beams and plates?

Plate and shell structures

Beam structures Plate structures

Displacements of all points 

are determined by the 

neutral axis displacement

Displacements of all points are 

determined by the neutral plane

displacement



What is the difference between thin and thick plates?

Plate and shell structures

Bernouli I + II: Kirchhoff Bernouli I: Reissner-Mindlin

Shear strain is neglected Shear strain is NOT

neglected



equilibrium stiffness

compatibility 

equations

constitutive 

equations

How are forces, displacements, strains and stresses related?

Plate and shell structures

Force field

Displacement field 

Strain field

Stress field
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Plate and shell structures

Introduction to numerical methods for static and dynamic analysis of plate structures –

finite difference method, Rayleigh-Ritz method and the finite element method.



[31]

Introduction to numerical methods for static and dynamic analysis of plate structures –

finite difference method, Rayleigh-Ritz method and the finite element method.

Plate and shell structures



Energy Methods in 

Applied Mechanics
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Procedures for approximate solutions satisfying the weak form will be 

described, with emphasis on the Finite element method

Practical for computer implementation 

(Finite element method)

𝑞(𝑥)

𝑥

𝑧, 𝑤

𝜌3 𝜌5
𝜌9𝜌7

𝑤(𝑥)
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Energy Methods in Applied Mechanics

Finite element method 

approximation  of the 

governing equation 

Weak form of the governing 

equation

Strong form of the governing equation



A wide variety of complex mechanical problems can be analysed with 

software implementing the Finite element method
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Energy Methods in Applied Mechanics



A wide variety of complex mechanical problems can be analysed with 

software implementing the Finite element method
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Energy Methods in Applied Mechanics

[39]
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Introduction to plasticity and 

damage modelling
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UNIAXIAL STRESS STATE

• Plastic deformations

ELASTO-PLASTIC BENDING

• cross-section gradual plastification
and plastic joint development

[44]

Prandtl model[43]

[48]
[47]

Introduction to plasticity and damage modelling

[46]

[45]



MULTI-AXIAL STRESS STATE – when does yielding/plastification occur?

What are the yield/plastification criteria?

Application in computer simulations 

[49] [50]

[51] [52]

Introduction to plasticity and damage modelling



FRACTURE MECHANICS – when and why does a crack develop in a material?

PUKOTINA

Linear elastic fracture mechanics – brittle material fracture 

Ductile fracture of the material – a plastic zone (damage) forms behind the crack

[53]

[53] [54]

[55] [56]

Introduction to plasticity and damage modelling



DAMAGE MECHANICS

• Models of progressive damage (softening) leading to material failure

Experimental determination of parameters that describe the fracture resistance 
of materials

[57]

[58]

[59]

Introduction to plasticity and damage modelling
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