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Abstract

Introduction. The problems of structural analysis. Analysis of the supporting system. Fastening of
the material point to the base. Fastening of the disc to the base. Statically determinative problem.
Statically non-determinative problem. Method of forces.

Beam system analysis by the finite elements method. Fundamentals of the finite elements method.
Transformation of finite displacements and forces. Stiffness matrix of a finite element. Principle of
virtual displacements and the basic system of equations. Boundary conditions and the algorithm of
problem solving. Cross-ply bending and stability of rectangular plates. Cross and longitudinal
bend of rectangular plates. Equations of equilibrium and deformation. Bi-harmonic equations,
boundary conditions and method of solution. Stability of equilibrium of plates and thin-walled
beam. Analysis of the thin-walled panel. Combine the thin-walled beam complete loading. Direct
stresses in cross-section of beam and the method of reducing coefficients. Basic equation for the
shear flow determination. Bending centre and the angle of torsion. Analysis of the thin-walled
beam with the open and closed cross-section. Analysis of the thin-walled beam with the multiply
closed cross-section.

Beam system analysis by finite elements method. Fundamentals of finite elements method.
Transformation of finite displacements and forces. Stiffness matrix of a finite element. Principle of
virtual displacements and basic system of equations. Boundary conditions and the algorithm of
problem solving. Cross-ply bending and stability of rectangular plates. Cross and longitudinal
bend of rectangular plates. Equations of equilibrium and deformation. Bi-harmonic equations,
boundary conditions and method of solution. Stability of equilibrium of plates and thin-walled
beam. Analysis of thin-walled panel. Combine thin-walled beam complete loading. Direct stresses
in cross-section of beam and the method of reducing coefficients. Basic equation for the shear flow
determination. Bending center and the angle of torsion. Analysis of thin-walled beam with opened
and closed cross-section Analysis of thin-walled beam with multiply closed cross-section.

Goals and objectives of the course in terms of
competences and skills

To be able to analyze the elastic system of rods and thin-walled elements (plate, shell) of the
aircraft structure, to select the rational methods of stress and strain analysis and stability properties.
To be able to solve the rods systems problem by the classical and finite element methods. To be
able to solve the problem of thin-walled rod bending and torsion.

To be able to solve the rods systems problem by classical and finite element method. To To be
able to solve the problem of thin-walled rod bending and torsion.

Structure and tasks of independent studies

Preparation of reports on homework and lab work: * Homework 1: Fastening of a block to the base
(2 h); » Homework 2: 3D frame system analysis by FEM (2h); « Homework 3: Bending and torsion
of the thin-walled beam (2 h); » Lab work 1: Experimental evaluation of the bending centre of the
thin-walled beam; * Lab work 2: Experimental investigation of the complete bending of combine
thin-walled beam; * Work with the literature (14 h).
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Course prerequisites

Strength of materials

Course outline

Theme Hours
Analysis of the supporting system. 2
Fastening of the disc and the block to the base. Statically determinative problem. 4
Beam system analysis by the finite elements method. 2




Transformation of finite displacements and forces. Stiffness matrix of a finite element.

Principle of virtual displacements and the basic system of equations. Boundary conditions and the algorithm of problem s

Cross-ply bending and stability of rectangular plates. Cross and longitudinal bend of rectangular plates.

Bi-harmonic equations, boundary conditions and method of solution.

Stability of equilibrium of plates and thin-walled beam.

Analysis of thin-walled panel.

Complex thin-walled beam. Direct stresses of beam and the method of reducing coefficients

Basic equation for the shear flow determination. Bending centre and the angle of torsion.

Analysis of thin-walled beam with open and closed cross-section. Multiply closed cross-section.

Warping displacement of thin-walled beam. Basic equation of torsion of thin-walled beam

Shell. Shells without bending

Bending of cylindrical shell

Stability of cylindrical shell
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Learning outcomes and assessment

Learning outcomes

Assessment methods

Analysis of the supporting system. Statically non-determinative problem.

Homework 1: Fastening of a block to the
base.

Beam system analysis by the finite elements method.

Homework 2: 3D frame system analysis by
FEM

Combine thin-walled beam complete loading.

Homework 3: Bending and torsion of the thin-
walled beam

Bending centre and the angle of torsion.

Lab work 1: Experimental evaluation of the
bending centre of the thin-walled beam

Direct stresses in cross-section of beam and the method of reducing coefficients. Analysis of thin-
walled beam with open and closed cross-section.

Lab work 2: Experimental investigation of the
complete bending of the combined thin-
walled beam

Problems of the structural analysis.

Final exam

Analysis of supporting system. Statically non-determinative problem

1st homework: Fastening of a block to the
base.

Beam system analysis by finite elements method.

2nd homework: 3D frame system analysis by
FEM

Combine thin-walled beam complete loading.

3rd homework: Bending and torsion of the
thin-walled beam

Bending center and the angle of torsion.

1st lab-work: Experimental evaluation of the
bending center of a thin-walled beam

Direct stresses in cross-section of beam and the method of reducing coefficients. Analysis of thin-
walled beam with opened and closed cross-section

2nd lab-work: Experimental investigation of
the complete bending of combine thin-walled
beam

The problems of structural analysis Final exam
Study subject structure
Part CP ECTS Hours per Week Tests Tests (free choice)
Lectures Practical Lab. Test Exam Work Test Exam Work
1. 3.0 4.5 1.5 1.5 0.0 *




