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ABSTRACT

Dzundza N S. Stressstrain state of elastic layered bodies and media with
orthotropic layers. 1 Qualifying scientific work @ the rights of the manuscript.
Dissertation for the degree of Doctor of Philosophy in specialty fidlied
Mathematics. i Zaporizhzhia National University, Zaporizhzhia, 2024.

This dissertation is devoted to solving problems on determining the-stress
strain state (SSS) of orthotropic layers, khallnes, layered orthotropic media, such
as a layer coupled to an elastic kgthce, and multilayer bases.

The main part of the thesis consists of an introduction, four chapters, and
conclusions.

The introdudbn substantiates the relevance of the research topic, formulates
the purpose and objectives of the study, defines the objects, methods and subjects
the study, and identifies the scientific novelty and practical significance of the
results. The personabntribution of the applicant to the work performed in co
authorship is described, data on the approbation of the results of the dissertation al
presented, and a list of publications reflecting the results of the dissertation is
provided.

The first chapr provides an overview of the main methods and approaches
used to model and analyze the strefsain state of bodies and media in deformable
solid mechanics.

The approaches to determining the st®ssin state of bodies such as
orthotropic plates, shis, strips, and multilayers, including analytical, numerical,
and numericahnalytical methods, are analyzed.

The analysis of the current state of scientific research on the topic of the
dissertation has led to the conclusion that there is an increasemgst in methods
for determining the stresstrain state of orthotropic layered bodies. The study of

information sources shows the effectiveness of the method of elasticity functions for
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solving problems of elasticity theory with isotropic and transwgrgaotropic
layers, but it has not been used for orthotropic bodies.

The second section is devoted to solving problems on determining the stress
strain state of elastic orthotropic bodies, such as a layer andsphat under plane
deformation.

The first problem considered is the determination of stresses and
displacements in an elastic orthotropic layer of constant thickness under the actiol
of an external load. The problem is formulated in three formulations that corresponc
to the basic boundary valpeoblems of mechanics of a deformed solid.

The solution of the problem is sought in the space of transformants of the one
dimensional integral Fourier transform and is based on the solution of the analog o
the biharmonic differential equation for anlatropic material. The transformants
of the desired quantities are expressed through the transformant of the stres
function. The calculation formulas are constructed taking into account all possible
types of the stress function in the space of transfotsvard the boundary conditions
of the problem.

In the second paragraph, we consider the problem of determining stresses ar
displacements in an elastic orthotropic tadaice under plane deformation. The
elastic moduli and the given load at the upper baundre known. At infinity, the
stresses tend to zero. As a special case, we consider the problem of the action of
concentrated force normal to the surface of an elastic homogeneous, continuou
orthotropic haHplane.

On the basis of the obtained anadgtisolutions for the orthotropic layer and
the halfplane, numerical calculations of specific problems are carried out, graphs of
the desired values are plotted, and their analysis is performed.

The obtained calculations indicate the adequacy of thétsesnd the logical
application of the chosen method.

In the third section, we consider the problem of determiningStB8of an

orthotropic layer of constant thickness coupled to an orthotropieplaite. An
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external load acts on the upper boundary eflélyer. At infinity, the stress tends to
zero.

The proposed approach to solving the problem is based on the use of-the one
dimensional integral Fourier transform method. The search for unknown quantities
Is carried out in the space of Fourier transfarfsiumericalanalytical solution to
the problem is obtained, numerical calculations are performed, and their analysis i
performed.

The fourth sectiopresents a solution to the problem of determining stresses
and displacements in a multilayer base witthotropic layers. The external load of
the base is such that the deformation of the base is plane. There are no volumetr
loads. The multilayer base is a package¢otinbounded planparallel elastic
orthotropic layers connected to each other, which are coupled tcsphal, elastic
or absolutely rigid. Each layer is assumed to be homogeneous, weightless
orthotropic, and characterized by thickness and elastgt@ots Poisson's ratio and
Youngds modulus.

The solution to the problem is sought in the space of transformants of the one
dimensional integral Fourier transform. The solution is based on the method of
yielding functions.

The method of elasticity funicins, developed earlier for isotropic multilayer
bases, is extended in this paper to multilayer bases with orthotropic layers, all the
necessary calculation formulas are obtained, and the solution algorithm is adapted

The elasticity functions for a muliyer orthotropic base are investigated and
recurrent formulas for the elasticity functions of the base layers are derived. The
formulated algorithm for solving the problem takes into account the peculiarities of
the properties of the orthotropic mater@hd allows obtaining numerical and
analytical solutions.

The solutions to specific problems for a thitager base are obtained and
analyzed.

On the basis of the study, conclusions are formulated for each chapter, as we

as conclusions on the dissertation
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Thus, the thesis solved the urgent problem of developing an effective
approach to determining the stredmain state of bodies (layers, hplanes, twe
layer bodies, and multilayer bases) with regard to the material orthotropy.

The scientific novelty b the obtained results is as follows: problem
formulation for a multilayer base with orthotropic layers, a mathematical model and
an approach to solving for an orthotropic material are formulated, thus further
developing mathematical models of mechanicsoltilayer media and the method
of yielding functions; for the first time, calculation formulas for an orthotropic layer,
orthotropic halplane, twelayer and multilayer body under plane deformation,
taking into account three cases of roots of charatiefunctions, are obtained.

The practical value of the results of the work lies in the possibility of applying
the developed method in the problems of calculating stresses and displacements
layered orthotropic bodies, analysis and design of layemnectstes with orthotropic
layers.

Keywords stressstrain state, orthotropic material, elastic orthotropic layer,
orthotropic haHlplane, multilayer base, plane dahation, stress function,

compliancefunction, integral Fourier transform.
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