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Uplatnenie vysledkov projektu

Vysledky projektu maju predovSetkym vedecko-poznavaciu hodnotu vzhladom na to, Ze sa
jedna o fundamentalny teoreticky vyskum. Numerické simulacie a z nich extrahované zavery
o odozve neklasickych doskovych problémov na vonkajsSie podnety mdzu najst uplatnenie aj
v inZinierskej praxi. Niektoré z vysledkov maju univerzalny charakter a uplatnenie v réznych
oblastiach vyskumu pripadne praxe — jedna sa predovSetkym o navrhnuté a rozpracované
originalne numerické vypoctové metddy a metodiky.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Pri rieSeni projektu sa dosiahli hodnotné a ucelené vysledky, ktoré obohacuju nase
poznanie z oblasti multi-fyzikalnych a multiSkalovych neklasickych problémov ohybu
doskovych konStrukcii. Bola odvodena jednotna formulacia rieSenia pociatoCno-okrajovych
uloh pre ohyb dosiek s moznostou volby fyzikalnych a deformaénych predpokladov troch
zakladnych tedrii ohybu dosiek (Kirchhoff-Love tedria ohybu tenkych dosiek, Smykova tedria
ohybu 1. a 3. radu). Takato formulacia je pouzitelna pre tenké aj hrubé dosky a umoznuje
jednoduché porovnanie medzi tromi r6znymi tedriami. Bola rozpracovana metodika
odvodenia kompletnej formulacie neklasickych doskovych problemov (riadiace rovnice a
okrajové podmienky), zahrfiujucich dosky z funkcionalne gradovanych materialov (FGM),
dosky s premenlivou hrubkou, dosky z kvazikrystalickych materidlov, dosky z poréznych
materidlov, dosky uvazované v ramci neklasickej termodynamiky (vinovy charakter Sirenia
tepla), dosky z piezoelektrickych materialov. Uvazované vonkajsie podnety zahffiaju
statické, transientné dynamické, teplotné aj elektrické zatazenia. Okrem dosiek
makroskopickych rozmerov traktovatefnych v ramci klasickej kontinualnej te6rie sme
uvazovali aj dosky mikro/nano rozmerov, na popis ktorych je nevyhnutné pouZzit
zovSeobecnené kontinudlne tedrie. Na numerické rieSenie matematicky naro¢nych
okrajovych uloh boli navrhnuté ¢o mozZno najjednoduchsie schémy s imperativom zachovat
fyzikalnu podstatu problémov. Co sa tyka aproximécie suradnicovej zavislosti pofnych
premennych, pouzili sme bezprvkovu MLS approximaciu a silnd formulaciu. Okrem toho
sme navrhli a rozpracovali nova metddu, tzv. Moving Finite Element approximation. Po¢etné
numerické simulacie ilustruju nové efekty, ktoré absentuju v pripadoch klasickych problemov
ohybu homogénnych dosiek.
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Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

Valuable and self-contained results have been achieved during the solution of the project.
These results bring new knowledge in the field of multi-physical and multi-scale non-
classical problems of plate bending. A unified formulation has been derived for plate
bending initial-boundary value problems with possibility to select physical and deformation
assumptions chosen in three basic plate bending theories, such as the Kirchhoff-Love
theory for thin plates, shear deformation theories of the 1st and 3rd order. This formulation is
applicable to thin as well as thick plates and comparison between them is easily available.
There is given the methodology for derivation of complete formulation (governing equations
and boundary conditions) of non-classical plate bending problems with including functionally
graded material (FGM) plates, plates with variable thickness, quasi-crystal plates, porous
material plates, plates considered within non-classical thermodynamics (wave spreading of
heat), plates of piezoelectric material. Static, transient dynamic, thermal and electrical
external loadings are allowed. Besides macroscopic plates tractable within classical
continuum theories, there are considered also micro/nano plates which should be described
within generalized continuum theories. For numerical solutions of mathematically complex
problems boundary value problems, we proposed as much as possible simple methods with
preserving the physical nature of the problems. As regards the spatial variations of field
variables, the meshless MLS approximation has been utilized in strong formulations.
Besides this numerical approach, we proposed a new method called Moving finite element
approximation. Many given numerical simulations illustrate new effects which are absent in
classical bending problems of homogeneous plates.
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