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1 INFORMACJE O PRZEDMIOCIE

NAZWA PRZEDMIOTU Teoria sprezystosci i plastycznosci

NAZWA PRZEDMIOTU

Theory of Elasticity and Plasticity
W JEZYKU ANGIELSKIM

KOD PRZEDMIOTU WIL BUD olIS C5 23/24

KATEGORIA PRZEDMIOTU Major subjects

LiczBA PUNKTOW ECTS 3.00

SEMESTRY 1

2 RoODzAJ ZAJEC, LICZBA GODZIN W PLANIE STUDIOW

. LABORATORIA
CWICZENIA
SEMESTR WYKLAD LABORATORIA KOMPUTERO- PROJEKTY SEMINARIUM
AUDYTORYJNE
WE
1 30 0 0 0 15 0

3 CELE PRZEDMIOTU

Cel 1 Introduction of the basic notions of Continuum Mechanics connected with material and spatial description
of motion of a continuum concerning kinematics and dynamics of deformable solids as well as constitutive
relations. Formulation of a boundary value problem of non-linear theory of elasticity and specification of
conditions enabling linearization of the theory.
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Cel 2 Presentation of a boundary value problem of linear theory of elasticity and of chosen methods of solving it
- based both on local as well as on global (variational) formulation referring to the Finite Element Method.

Cel 3 Presentation of chosen problems of the linear theory of elasticity and of the methods of finding the solution.

Cel 4 Presentation of basic concepts of the theory of plasticity. Analysis of chosen problems of plastic bearing
capacity of structural elements and structural systems.

Cel 5 Preparation of a student for performance of scientific and research tasks.

4 WYMAGANIA WSTEPNE W ZAKRESIE WIEDZY, UMIEJETNOSCI I INNYCH
KOMPETENCJI

1 Basic skills in calculus - finding derivatives of a single- and multivariable function, definite and indefinite integrals,
curvilinear integrals and multiple integrals.

2 Basic skills in matrix calculus - matrix addition, subtraction and multiplication, calculation of determinants,
solving the eigenproblem.

3 Knowledge on classical principles of dynamics of a material points and rigid body.

5 EFEKTY KSZTALCENIA

EK1 Wiedza Student formulates the boundary value problem of non-linear theory of elasticity both in material
and in spatial description, defines and explains the physical sense of various measures of deformation and
stress, which are used in this formulation.

EK2 Umiejetnosci For a given deformation in each description student determines appropriate measures of de-
formation and stress.

EK3 Wiedza Student formulates the boundary value problem of linear theory of elasticity, understands the ma-
thematical structure of obtained system of equations and explains chosen strict and approximate methods of
solving it.

EK4 Umiejetnosci Student uses classical results of linear theory of elasticity in modeling and solving the problems
of deformation of deformable solids.

EK5 Wiedza Student defines basic notions of theory of plasticity.

6 TRESCI PROGRAMOWE

PROJEKTY
Lp TEMATYKA ZAJEC LiczBA
OPIS SZCZEGOLOWY BLOKOW TEMATYCZNYCH GODZIN
P1 Eigenvalue problem for a 3x3 and 2x2 symmetric matrix and its application to the 5

deformation gradient

Material and spatial description of deformation. Displacement vector, actual
P2 configuration, deformation gradient, deformation tensors, strain tensors, change of 3
length, area and volume after deformation.

P3 Polar decomposition of the deformation gradient. 2

Determining body forces and surface tractions for given deformation or given

P4 stress state.
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PROJEKTY

Lp

TEMATYKA ZAJEC
OPIS SZCZEGOLOWY BLOKOW TEMATYCZNYCH

LiczBA
GODZIN

P5

Solving the problems of plane elastic structures with the use of Finite Difference
Method.

P6

Bearing capacity of cross-sections subject to chosen load cases.

pP7

Determining the plastic bearing capacity of a structural system.

WYKEAD

Lp

TEMATYKA ZAJEC
OPIS SZCZEGOLOWY BLOKOW TEMATYCZNYCH

LiczBA
GODZIN

Introduction to Continuum Mechanics. Characterization of elastic, plastic and
rheological phenomena. Introduction to kinematics - displacement, velocity,
acceleration vector, Material and spatial description of motion.

Kinematics of deformable solids - deformation gradient and its polar
decomposition, stretch tensors, rotation tensor, deformation tensors, strain tensors
in material and spatial description. Geometric linearizaton, small strain and small
rotation tensors. Interpretation of components of strain tensor and of small strain
tensor. Change of length of a material fiber, area of a material surface and volume
of a body after deformation.

Mass, mass density, conservation of mass. Body forces, surface tractions and
stress. Stress vector. Tetrahedron conditions. Tensorial measures of stress state.
Laws of motion for deformable solids, equations of motion in material and spatial
description.

Constitutive relations and postulates concerning formulation of those relations.
Elastic material, hyperelastic material. Isotropy, anisotropy, homogeneity,
inhomogeneity. Isotropic hyperelastic material. Hooke’s material.

Linear theory of elasticity. Lame displacement equations, Beltrami-Michell stress
compatibility equations. Plane stress and plane strain states. Plane stress and
plane strain states. Airy stress function. Levy theorem.

Examples of solution of chosen boundary value problems of linear theory of
elasticity.

Variational methods in theory of elasticity. Principle of Virtual Displacements,
Lagrange theorem, Principle of Virtual Forces, Castigliano theorem. Betti-Maxwell
reciprocal theorem. Galerkin method in application to variational formulation

- Finite Element Method.

Chosen features of plastic deformation. Chosen propositions of a yield condition.
Yield surface. Active and passive processes, Hencky-Ilyushin theory. Prandtl-Reuss
and Levy-Mises theory.
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7 NARZEDZIA DYDAKTYCZNE

N4 Lectures
N5 Design classes
N6 Office hours

8 OBCIAZENIE PRACA STUDENTA

FORMA AKTYWNOSCI

SREDNIA LICZBA GODZIN
NA ZREALIZOWANIE

AKTYWNOSCI
Godziny kontaktowe z nauczycielem akademickim, w tym:
Godziny wynikajace z planu studiow 45
Konsultacje przedmiotowe 6
Egzaminy i zaliczenia w sesji 4

Godziny bez udzialu nauczyciela akademickiego wynikajace z nakltadu p

racy studenta, w tym:

Przygotowanie sie do zajeé¢, w tym studiowanie zalecanej literatury 6

Opracowanie wynikow 4

Przygotowanie raportu, projektu, prezentacji, dyskusji 10
SUMARYCZNA LICZBA GODZIN DLA PRZEDMIOTU WYNIKAJACA Z s
CALEGO NAKEADU PRACY STUDENTA

SUMARYCZNA LICZBA PUNKTOW ECTS DLA PRZEDMIOTU 3.00

9 SPOSOBY OCENY
OCENA FORMUJACA

F1 Individual project

F2 Oral answers

OCENA PODSUMOWUJACA

P1 Written test

WARUNKI ZALICZENIA PRZEDMIOTU

‘W1 All learning outcomes must be marked positive

‘W2 All given projects must be completed - its content must be done in a correct way and student must answer

correctly few questions concerning the project.

KRYTERIA OCENY
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EFEKT KSZTALCENIA 1

Na

OCENE 2.0

Student is not able to formulate the boundary-value problem of theory of
elasticity.

Na

OCENE 3.0

Student formulates the boundary value problem of non-linear theory of elasticity
both in material and in spatial description, defines and explains the physical
sense of physical quantities used and formulates the conditions for linearization of
the theory.

Na

OCENE 3.5

Student meets the requirements for mark 3,0 and partially meets the
requirements for mark 4,0.

Na

OCENE 4.0

Student meets the requirements for mark 3,0 and, additionally: names and
explains known postulates and theorems concerning kinematics, dynamics and
theory of constitutive relations in Continuum Mechanics.

Na

OCENE 4.5

Student meets the requirements for mark 4,0 and partially meets the
requirements for mark 5,0.

Na

OCENE 5.0

Student meets the requirements for mark 4,0 and, additionally: shown general
concepts of proofs of fundamental theorems of Continuum Mechanics and
derivations of known relations, explains the physical meaning of such notions as
material derivative, polar decomposition of deformation gradient, difference
between true stress, nominal stress and material stress vectors and tensors.

EFEKT KSZTALCENIA 2

Na

OCENE 2.0

Student is not able to determine the measures of deformation and stress for given
deformation.

Na

OCENE 3.0

For given equations student determines the deformation gradient and performs
its polar decomposition, determines deformation tensors, strain tensors and
displacement vector in both material and spatial description.

Na

OCENE 3.5

Student meets the requirements for mark 3,0 and partially meets the
requirements for mark 4,0.

Na

OCENE 4.0

Student meets the requirements for mark 3,0 and, additionally: for given
deformation and constitutive relations determines the Cauchy stress tensor as
well as Piola-Kirchhoff stress tensor of the 1st and 2nd kind, determines body
forces vector and surface tractions.

Na

OCENE 4.5

Student meets the requirements for mark 4,0 and partially meets the
requirements for mark 5,0.

Na

OCENE 5.0

Student meets the requirements for mark 4,0 and, additionally: for a given
deformation finds the change of volume, area of surface element and length of
a material curve after deformation.

EFEKT KSZTALCENIA 3

Na

OCENE 2.0

Student is not able to formulate the boundary value problem of linear theory of
elasticity.
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Na

OCENE 3.0

Student formulates the boundary value problem of linear theory of elasticity,
understands the mathematical structure of obtained system of equations and
presents the boundary value problem in a two-dimensional case (plane stress and
plane strain state)

Na

OCENE 3.5

Student meets the requirements for mark 3,0 and partially meets the
requirements for mark 4,0.

Na

OCENE 4.0

Student meets the requirements for mark 3,0 and, additionally: defines
kinematically admissible displacement field and statically admissible stress field,
explains known semi-inverse methods of solution of a boundary value problem in
linear theory of elasticity, knows the concept of solution of the problem with the
use of Lame displacement equations and Beltrami-Michell stress compatibility
equations.

Na

OCENE 4.5

Student meets the requirements for mark 4,0 and partially meets the
requirements for mark 5,0.

Na

OCENE 5.0

Student meets the requirements for mark 4,0 and, additionally: presents known
variational principles and energy theorems on linear theory of elasticity and their
relation with the Finite Element Method, explains the sense of Green influence
function with the example of solution of the Kelvin problem or Flamant problem.

EFEKT KSZTALCENIA 4

Na

OCENE 2.0

Student is not able to use classical results of linear theory of elasticity in
modeling and solving the problems of deformation of deformable solids

Na

OCENE 3.0

Student expresses the stress state components in terms of the Airy stress
function and writes down the static boundary conditions expressed in terms of
the Airy stress function.

Na

OCENE 3.5

Student meets the requirements for mark 3,0 and partially meets the
requirements for mark 4,0.

Na

OCENE 4.0

Student meets the requirements for mark 3,0 and, additionally: solves the
problem of plane elastic structures with the use of Finite Difference Method.

Na

OCENE 4.5

Student meets the requirements for mark 4,0 and partially meets the
requirements for mark 5,0.

Na

OCENE 5.0

Student meets the requirements for mark 4,0 and, additionally: formulates the
classical problems of linear theory of elasticity, which were introduced during the
lecture.

EFEKT KSZTALCENIA 5

Na

OCENE 2.0

Student is not able to define basic notions of theory of plasticity

Na

OCENE 3.0

Student defines basic yield criteria, makes a sketch of a yield surface for them,
knows characteristic features of plastic deformation such as: permanent strain,
elastic unloading and subsequent loading, plastic flow, hardening.

Na

OCENE 3.5

Student meets the requirements for mark 3,0 and partially meets the
requirements for mark 4,0.
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Student meets the requirements for mark 3,0 and, additionally: explains the

NA OCENE 4.0 notions of active and passive processes, presents the distribution of stress in
partially and fully yielding cross-section subjected to basic load cases.
Student meets the requirements for mark 4,0 and partially meets the
NA OCENE 4.5 .
requirements for mark 5,0.
Student meets the requirements for mark 4,0 and, additionally: presents
NA OCENE 5.0

mathematical formalism of description of plastic deformation.

10 MACIERZ REALIZACJI PRZEDMIOTU

ODNIESIENIE
DANEGO EFEKTU
DO SZCZEGOLO-

EFEKT P CELE TRESCI NARZEDZIA
WYCH EFEKTOW SPOSOBY OCENY
KSZTALCENIA PRZEDMIOTU PROGRAMOWE DYDAKTYCZNE

ZDEFINIOWA-

NYCH DLA

PROGRAMU
EK1 Cel 1 Cel 5 wl w2 w3 wi N4 N5 N6 F1 F2 P1
EK2 Cel 1 pl p2 p3 p4 wl N4 N5 N6 F1 F2

w2 w3 w4
EK3 Cel2 Cel 5 | WEW2 W3 wdw N4 N5 N6 F1 F2 P1
wb w7

EK4 Cel 3 Cel 5 p5 w5 w6 N4 N5 N6 F1 F2
EK5 Cel 4 Cel 5 p6 p7 w8 N4 N5 N6 P1

11 WYKAZ LITERATURY

LITERATURA PODSTAWOWA

[1 | Love E.A.H. — A treatise on the mathematical theory of elasticity, Cambridge, 1906, Cambridge University

Press

[2 | Hill R. — The Mathematical Theory of Plasticity, Oxford, 1950, Oxford University Press

[3 | Chen W. F., Han J. D. — Plasticity for Structural Engineers, New York, 1988, Springer

[4 | Gere J.M., Timoshenko S.P. — Mechanics of Materials ,2nd Ed., Boston, 1984, PWS-Kent

LITERATURA UZUPELENIAJACA

1] Zyczkowski M. — Combined loadings in the theory of plasticity, Warsaw, 1981, PWN

Strona 7/8



P

Politechnika Krakowska im. Tadeusza Kosciuszki

[2 | Bower A.F. — Applied Mechanics of Solids, -, 0, -
[3 | Szeptyniski P. — Theory of Elasticity - lecture notes, -, 0, -

[4 | Szeptyniski — A Short Introduction to the Theory of Plasticity - lecture notes, -, 0, -

12 INFORMACJE O NAUCZYCIELACH AKADEMICKICH

OSOBA ODPOWIEDZIALNA ZA KARTE

dr inz. Pawel Szeptyriski (kontakt: pszeptynski@pk.edu.pl)

OSOBY PROWADZACE PRZEDMIOT

1 dr inz. Pawel Szeptyriski (kontakt: pszeptynski@pk.edu.pl)

13 ZATWIERDZENIE KARTY PRZEDMIOTU DO REALIZACIJI

(miejscowosé, data) (odpowiedzialny za przedmiot) (dziekan)

PRZYIJMUJE DO REALIZACJI (data i podpisy oséb prowadzacych przedmiot)
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