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ON DEFINITION OF STRESS-STRAIN STATES OF EARTH
LITHOSHPERIC PLATES AND POSSIBILITIES FOR
PREDICTION OF EARTHQUAKES

Lenser Aghalovyan

Institute of Mechanics of NAS of Armenia
Yerevan, Armenia, aghal@mechins.sci.am

Contemporary science connects the arising of strong earthquakes
with tectonics of Earth Lithospheric plates (<95% of earthquakes).
The presence of a dense system of seismic stations and GPS system
allows seeing to displacements of points of Lithoshperic plate face.
In the present paper the three-dimensional problem (non-classical) of
the elasticity theory for layered package of plates is solved. It is
assumed that facial surface of package is free (corresponding
components of stress tensor equal zero) but the displacements of
points are known as a data of seismic stations and GPS systems. The
general asymptotic solution is obtained. The solution becomes
mathematically exact, when the functions describing the displace-
ments of facial surface are polynomials. Approximating the
displacement vector by Lagrange polynomial and fixing the number
of layers it will be possible to write the exact solution. Using the
data-changes of seismic stations and GPS system during the time it is
possible to see the change of stress-strain state of Lithospheric plates,
reveal critical states for destruction, i.e. to predict the possibility and
place of strong earthquake arising.

Acknowledgment. The investigation is fulfilled with the support
grant “11-2¢462” of State Committee of Science of Armenia.
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MODELING AND STRUCTURAL ANALYSIS ON

DIFFERENT SCALES IN CONTINUUM MECHANICS

Holm Altenbach

Lehrstuhl Technische Mechanik, Institut fiir Mechanik, Fakultat fiir

Maschinenbau, Otto-von-Guericke-Universitdt Magdeburg,
Universitétsplatz 2, 39106 Magdeburg, Germany

In addition to the classical applications of continuum mechanics

which are as usual related to the macroscale, new technological
developments considering advanced materials are connected with
scales much smaller up to the nanosize. The question arises how to
model and analyse such structures or in other words if we can apply
the classical Continuum Mechanics.

arc

It will be shown that the classical steps

description of kinematics (purely based on the geometry)
description of the external and internal loads or actions
(dynamics),

formulation of balance equations for mass, momentum,
moment of momentum, energy and entropy,

assumptions on the constitutive behaviour and

formulation of boundary and initial conditions

enough for the presentation of various theories for structures on

different scales. The necessary improvements of the classical
approaches are related to the continuum model (for example, Cauchy
or Cosserat), to the effects taken into account (only bulk behaviour or
in addition, surface behaviour), etc. Examples of such theories are
devoted to three-, two- and one-dimensional structures.



STRANGENESSES OF VORTICAL MOVEMENT AND THE
QUESTION OF ENERGY GENERATION FROM THE
ENVIRONMENT

A. Aptsiauri

Kutaisi National Educational University

In physics there are problems that cannot be explained within
the framework of conventional laws. They are called paradoxes. For
the paradoxical processes and phenomena conflict of laws is typical.
When for the real physical processes, at strict compliance with one
law the other is broken, there is a feeling that the laws of nature are
far more complex than we used to understand them and there are no
laws that cannot be questioned.

By the author of this study, in papers published in the last
three years [5-9], due to methods of phenomenological thermody-
namics, it is shown that in the rotational motion, as a result of
synchronization of the heat internal circulation processes, or as a
result of synchronization of vortex motion, it is possible to generate
from heat mechanical motion in the initial thermal equilibrium of the
system, which radically contradicts the second law of
thermodynamics.

Reflections on the possibility of such a bold plan raise issues
which, from the perspective of traditional thinking, belong to the
realm of fantasy. Indeed, if mankind from the equilibrium
environment, at the expense of converting heat, generate a
mechanical energy, this energy would provide also the fluid upward
motion, opposite forces of gravity and it is possible to create
compressor stations that pump water at the expense of natural heat.
Todays, it is really fantastic.

Nevertheless, in search of various theoretical options, we
take interest also in the rotational motion of an incompressible fluid
and, unexpectedly for us, we found that in the case of rotating
incompressible fluid, the similar strange effects that we had
previously studied in the research process of rotational motion of
gases [6, 8, 9] were observed.

Acknowlegment. This work was supported by Kutaisi National
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Educational University.
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THE APPLICATION OF METHODS OF NONLINEAR WAVE
DYNAMICS TO EXAMINATION OF PARAMETERS AND
PROBABILITIES OF TRAFFIC FLOW ON CROWDED
ROADS

Alexander Bagdoev* , Yuri Safaryan**, Gayane Nersisyan***
*Institute of Mechanics NAS, Armenia,

**QGoris State University, Armenia
*** Aspirant State Engineering University, Yerevan, Armenia

The present talk is devoted to the application of hydrodynamic
model of Lighthill, Whitham to traffic flow [1], supplemented by
taking into account diffusivity [2] and fluctuation [3] i.e. synthesized
theories of [1] and H.Haken [3], also on account of the method of
nonlinear wave dynamics of nonlinearity in linear functional
diffusion equation [3] for probability. The obtained results and
methods of simulations are applied to other space stochastic
processes for non-linear waves in mechanics, Benar problem in
thermo conductive fluid and to semiconductors [3]. Also some
optimal problems for traffic flow are solved. For spatial distributed
processes on a road there is Lighthill -Whitham theory for known

dependence q(p) given from experiment [1], for density of particles
p(X,t) and currentq(x,t) = pV(X,t), governed by nonlinear differ-
rential equation [1] dp/0X+0q/0x =0. One can assume that in
this equation term with diffusivity and random term with fluctuations
are taken into account. Then one can write equation for p’on
account fluctuations, which is necessary in extreme regions [3].

dp'/ ot +a,dp' | Ox+ yp'dp' | 6x = DO’ p'/ dx + F(x,1) (1)
where F(X,t) are delta-correlated
<HX.t)Fxt)>=bs(x—X) 5(t—t) )

In [3] we have the functional linear equation of Fokker-Plank for
probability density P(p', X,t) of stochastic space process

av/at=job<{5/cyj(a0(aﬁ/a<)+;ﬂ(aﬁ/a<)—[xaz,5/a8)) P/ 2A5P/ ) (3)

where functional derivative



Flp.xt)/gp = i Fo' + 9, xt) - F(o, x.t)/ [dxsox) (4)
Jdxsp'{x) >0

Let us write (1) without fluctuations F ,0p'/ot =—-6p/8p',

¢ =V +D; + D, is potential [3], and one can obtain using also (4)
&N /&p' =-D"ploC, v = [(ap'/ox P dxD/2 - NI P =TI (5)
0

D, =1/2dx [a,@p' /o) (x-X)d, 5D, /5p’ = a,0p"/ .,

Q=jdxjf(ﬁ)(ad/a()zob&jf(ﬁ)(aﬁ/a()z(x—x)ow, WS x=D)

where f(p'):p'j// 2 Relations (5) are obtained from (1-4) by

integration of integrals on X" by parts in variation derivative (4), (5).
For stationary last state of processes one has [3] 0p'/ot =0, and

stationary solution, satisfying condition x=0, p' = p, , is

£'(x) :2\7/7/—1+(2\7/7p6+1)e\7X/D, V=v(p)+pr/2 (6)
From equation (3) in stationary case, 0P /0t =0, one can obtain
[(ePb/ap2+Pp/ 39) k=0, P(x) = Ne ™), p=v+D+Dy, N = P(0)
Due to the method of application of nonlinear wave dynamics [4] in
equation (3) one must replace @, by,a,+ P(p', X,t)]/l /2 and
in D, replace a,by & +7;P(X)/2N For given constants a,,b,7,7,,V

by means of iteration we solve obtained equation for P(X)/ N
numerically.
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BOUNDARY VALUE PROBLEMS OF THE THEORY OF
TERMOELASTISITY WITH MICROTEMPERATURES FOR
A HALF-SPACE

Lamara Bitsadze
Ilia State University, Tbilisi, Georgia, E-mail: lamarabits@yahoo.com

The present paper is devoted to the three-dimensional version of
statics of the theory of thermoelasticity with microtemperatures.
Some problems of the linear theory of thermoelasticity with
microtemperatures will be considered in the upper half-space. Let on
the boundary of the half-space one of the following boundary condi-
tions be given: a) displacement vector, microtemperature vector and
the temperature, b) displacement vector, microtemperature vector
and a linear combination of normal component of microtemperature
vector and a normal derivative of temperature, c) displacement
vector, tangent components of microtemperature vector, a normal
component of microstress vector and temperature, d) displacement
vector, normal components of microtemperature vector, tangent
components of microstress vector and the normal derivative of
temperature.

Using Fourier transform these problems are solved explicitly (in
quadratures).

Acknowlegment. The designated project has been fulfilled by
financial support of the Shota Rustaveli National Science
Foundation(Grant \#GNSF/ST08/3-388). Any idea in this publication
is possessed by the author and may not represent the opinion of
Shota Rustaveli National Science Foundation itself.
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MATHEMATICAL MODELLING OF LIQUID PHASE
ORIGINATION IN THE MAIN GAS PIPELINES

Teimuraz Davitashvili, Givi Gubelidze, David Gordeziani,
Archil Papukashvili
I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili Thbilisi State
University, Tbilisi, Georgia
dgord37@hotmail.com, tedavitashvili@gmail.com,
apapukashvili@rambler.ru

Main reasons of pipeline constipation (emergency shutdown) are
the following: generation of hydrates, freezing of water slugs,
contamination and so on. To take timely steps against generating of
hydrates, it is necessary to study humidity and distribution of
pressure and temperature[ 1-4].

It is well known that non-stationary, non-isothermal flow of gas
in the main pipeline is described by the following system of
equations [3-6]:
dw 1 0P 10 [ awj
—_—=- +v, - r—|, (1)

ot P, OX zor\ or

oP C.\oT p,C°C, 0w
- OCPKI__PJ__Oi._

= , )
ot C, ot C, OX
op ow
op__,% 3
ot Po or (3)

=- — 4)
ot pC, ot zor\ or

where w(X,r,t) is a velocity of gas flow, P(X,r,t) is gas pressure,

oT 1 &P 1a[aTj
—= +a- r ,

T(X,r,t) is temperature (absolute), p(X,r,t) is gas density, p, is
gas density in normal conditions, & is heat conduction coefficient of
gas, Vv, is viscosity in normal conditions, C, is heat capacity under

the constant pressure, C, is heat capacity under the constant
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volume, C is speed of sound propagation in gas, r is a distance
from point of the circle obtained by cross-section to the center.

Using functions P(X,r,t) and T(X,r,t), obtained as a result of
solution of the simplified problem (1)-(4), on the basis of inequality
T(x,r,t) <SlgP(x,r,t)—u We have created a new method

prediction of possible points of hydrates origin in the main pipelines
taking into consideration gas non-stationary flow.

Acknowledgment. The research has been funded by the Grant of the
Georgian National Science Foundation #GNSF/ST09-614/5-210.
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ENGINEERING APPROACH FOR ESTIMATION OF
SEISMIC RISK EXISTING ON THE TERRITORY OF
GEORGIA, BUILDING AND PROBLEMS OF NON-LINEAR
DYNAMICS

Guram Gabrichidze

Kiriak Zavriev Center of Structural mechanics, seismic stability and
engineering expertise

When you look at how buildings are damaged or destroyed at the
earthquake, it is clear for everybody that this is a dynamic process.
For a scientist, working in the Solid Body Mechanics this is an
example of nonlinear dynamics. The specialist of seismic stability
construction knows that the buildings are damaged, or destroyed, not
because of the mistakes of seismologists, or engineers, but due to the
probability of such actions in the ideology of seismic stability
construction. The seismic stability construction always was and is
still on the verge of knowledge and lack of knowledge, on the edge
of risk and luck.

The behavior of arbitrary building at earthquake would be
conventionally divided into two modes. At weak seismic impact it
works without damages and its behavior would be studied by linear
dynamics methods. At the strong seismic impact in the buildings
defects, cracks of different natural take place and its behavior obeys
the laws of non-linear dynamics.

The basic ideology thesis of seismic stability construction is
presented by a statement that it can evaluate the structure behavior,
both at weak and strong seismic impact. Unfortunately, this
statement stays on a declaration level until the achieved in non-linear
dynamics field results will create a reliable scientific basis for it.

To prove this statement, this paper describes a procedure that is
used today worldwide for seismic risk assessment in the
development in various seismically active regions. It is shown that
this procedure is entirely based on the application of engineering
concepts such as "building damage", "damage" and so on. All these
concepts are related to the content of a complex process, which
occurs in the material from which the building is constructed. In
other words, the building fracture begins from the material failure.
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To make these concepts acquire a more clear and informative
content, the modeling of material failure processes at complex
dynamic impact, is necessary that represents the subject of nonlinear
dynamics "the correct modeling of non-linear dynamics should lead
to non-stability that provides transition to the stationary stability and
spatial structures, that are formed at defects concentration"
(Exploring Complexity by G. Nikolis and I. Prigojin, 1989)

A COMBINED METHOD TO CALCULATE THE STRENGTH
OF ARCH DAMS AND THE QUESTIONS OF SELECTING
THE OPTIMAL PARAMETERS

Z. Gedenidze, T. Kvitsiani, M. Kublashvili

Georgian Technical University

An arch dam is a structure of a shell type with a complex geometry
operating under particularly severe conditions. Therefore, the strength
calculation of the arch dams falls within the category of the most
complex problems of the mechanics of deformable bodies. As the
present theory of the strength of arch dams fails to give the accurate
picture of their stressed and deformed state, the development of
approximate numerical methods to calculate the arch dams was put on
the agenda.

Theory of shells is more appropriate to calculate arch dams, which is
complicated by the complexity of the solution to the decision equations
due to its complex boundary conditions and geometry. The calculation
of a ‘dam-base’ envisaged by the standard as that of a single system is
also complicated, particularly when the base ground is non-
homogenous, has cracks and sometimes cavities, as well. Calculation of
the ‘dam-base’ system by the finite element method is not a great
problem even in terms of discrete parameters.

The work evaluates the mode of deformation of the body of dam by
using the theory of shells, with the boundary values identified along its
boundary area contour by using the finite element method for the
system ‘dam-base’.
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The unknown thicknesses of the dam are to be determined from the
condition of strength of the complex state of stress, which ensures the
yield condition at every point, by considering the material tensile and
compression strengths. Such arch dams may be attributed to the
category with equal strength what determines the minimum dam volume
(weight) by maximally efficient application of mechanical properties of
the material on the one hand and ensures the correctness of the problem
from the mathematical point of view on the other hand. An arch dam of
an optimal structure will accelerate and make its construction cheaper
by at least 10-15% what will be more attractive for investors.
Developing the software to calculate the strength of an arch dam will
allow identifying the optimal parameters of an arch dam, improve its
structure and operation reliability and economy. It will facilitate the use
of the study results by the planners.

The given problem must be solved in the following order:

- Developing the principal equations and relations of the shell
theory to evaluate the mode of deformation of the body of a
dam, maximally envisaging the terms of the dam operation;

- Analytical determination of the geometric parameters included
in the decision equations system as that of so called Lame
parameters for the dams of any configuration;

- Substantiating the solution method for the decision equations
system to determine the stress and deformation components of
the dam;

- Determination of the boundary values (boundary conditions) of
internal forces and moments in the contact plane of the body of
the dam for the system ‘dam-base’;

- Investigation of the mode of deflection in the base ground with
the properties of the dam section designed in advance.

In order to identify the field of the analysis of the authenticity and

application of the results gained in the scope of the work, the stress

components of the body of the dam are envisaged to determine in two
variants:

1. By using the theory of semi-flexible shells. In this case, a system of
the balance equations is presented as a system of the first-order
equations with four particular derivatives with five unknown power
factors.
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By presenting the stress components in the condition of strength against
the shell median surface as odd and even functions and equaling the
given sums to zero individually, we will gain two equations, linear and
non-linear. Adding the linear equation to the mentioned system of the
balance equations will make it into a statically definable one. As
for the non-linear equation, it will be used to determine the
optimal thicknesses of the dam. By solving the problem with this
method, we use only static admissions.

2. The improved theory is presented by five balance equations
and three continuity equations of speed of deformation of the
shell median surface. The system consists of unknown power factors.
So, the system to calculate the body of a dam is statistically

definable in both cases.

In order to identify the stressed state of the body of a dam, the
solution to the system of the decision equations gained by half-moment
and moment theories is complicated by an analytical method. Therefore,
the approximation of the open area of an arch dam with a finite
difference net is envisaged. The given net determines the particular
derivatives in finite differences by central differences of a permanent
spacing in the height of a dam, and by alternating spacing in the
horizontal direction.

NUMERICAL MODELLING OF
ECOMETEOROLOGICALLY ACTUAL LOCAL
ATMOSPHERIC PROCESSES

George Geladze
TSU I. Vekua Institute of Applied Mathematics,
2, University str.,0186 Tbilisi, Georgia
e-mail: givi-geladze@rambler.ru

In the paper numerical modelling humidity processes which take
place in mesoscale boundary layer of atmosphere (MBLA) are
considered. Under humidity processes fogs, layered clouds, cloudy
processes and related questions are meant.
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We investigate them not only from the point of view of weather
forecast, sea, avia- and agricultural meteorology, but also ecology
since polluting substances are accumulated in them.

Also it is obligatory to consider the fact, that at formation of a fog
and a layered cloud and, especially, at their simultaneous existence,
allocation of the latent warmth of condensation of water steam takes
place due to which the curve of temperature stratification varies and
it takes the form of "broken line".

These "crinkles" of curve atmospheric temperature stratification
create so-called "traps" where polluting substances accumulate. As
noted above, this effect considerably increases at simultaneous
existence of a fog and a cloud both in horizontal, and in a vertical
plane. Formation of these temperature inverse layers is obligatory
accompanying process of fog- and cloud formation.

In connection with these questions means of by numerical
methods two-dimensional (in a plane x-z) non-stationary problem
about MBLA on the account of humidity processes are set and
solved. Local circulation develops the expense of temperature
heterogeneity of a underline surface, so-called thermal "island".

As a result of the problem decision spatio-temporal distribution of
the basic meteorological fields (wind components, temperature,
pressure, specific humidity and wateriness) is obtained.

The problems connected with allocation of latent warmth of
condensation of water steam and a way of their overcoming are in
detail considered.

A number of such abnormal processes, as simultaneous existence
of a fog and a cloud are simulated; an incorporated vertical complex
of a fog and a cloud, continouos cloudiness.

It should be especially mentioned, that as a result of selection of
corresponding physical parametres (the basic attention was given to a
turbulent mode of process) an ensemble of humidity processes:
simultaneously three layered clouds and a fog has been simulated.
Their mutual transformation is also observed.
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ON THE REALIZATION OF ONE NON-LINEAR
MATHEMATICAL MODEL BY P/C

D. Gordeziani, E. Gordeziani,T. Davitashvili, A. Papukashvili
I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State
University, Tbilisi, Georgia
dgord37@hotmail.com, tedavitashvili@gmail.com,
apapukashvili@rambler.ru

In the present article the following initial value problem is
considered

E:aAu . x=(x,%,,x )eD, 0<t<T, (1)
u(x,t)=0, xel, 0<t<T, )
u(x,0) = u, (), xeD, 3)
n 2
where A= zaa—z’ U,(X) is a given function, Dc R",D isa
a=1 Xa

bounded area, with border I', a=const>0, T =const > 0.

For solution of the initial value problem (1)- (3) asymmetric
difference schemes have been constructed and used. The analysis of
the algorithms and numerical experiments has been performed.

Acknowledgment. The research has been funded by the Grant of the
Georgian National Science Foundation #GNSF/ST09-614/5-210.
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MECHANICS OF THIN FILMS BONDED TO
GRADED COATINGS

Yusuf Fuat Gulver*, Mehmet Ali Guler**, Ergun Nart***

*Tv. Javakhishvili Thbilisi State University, I.Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, yfgulver@etu.edu.tr
**Department of Mechanical Engineering, TOBB University of Economics
and Technology, Ankara 06560, Tiirkiye, mguler@etu.edu.tr
***Department of Mechatronics Engineering, Sakarya University,
Adapazari, 54187, Tiirkiye, enart@sakarya.edu.tr

In this study, the contact mechanics of thin films bonded to
graded coatings is investigated. In these problems, the stresses may
be caused by uniform temperature changes and temperature
excursions, far field mechanical loading, and residual stresses
resulting from film processing or manufacturing process of the
graded coatings. The primary interest in this study is to examine the
stress concentrations or singularities near the film ends. The
underlying contact mechanics problem is formulated by assuming the
film as a “membrane” and the graded coating as a functionally
graded material (FGM). The problem may be reduced to an integral
equation analytically and solved numerically for the unknown
interfacial shear stresses through an asymptotic expansion and a
suitable collocation technique. The problem is also solved using
Finite Element Analysis (FEA). FEA results are validated using the
results obtained from the analytical formulation. The calculated
results include interfacial shear stress between the film and the
graded coating, strength of stress singularity at the end of the film
and the axial normal stress in the film. This study reveals that both
mechanical and geometrical parameters of the system as well as the
loading type have a great effect on the stress distribution and the
strength of shear stress singularity at the film ends. Adjusting these
parameters and selecting the appropriate type of grading will reduce
these stresses that may have a bearing on the failure of the coating or
film.

Acknowlegment. This study was supported by the Scientific and
Technical Research Council of Tiirkiye (TUBITAK) under Research
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THE GEOMETRICALY NONLINEAR SPHERICAL SHELLS

Bakur Gulua
Iv. Javakhishvili Tbilisi State University,
I. Vekua Institute of Applied Mathematics,
Sokhumi State University,
Thilisi, Georgia, bak.gulua@gmail.com

The purpose of this paper is to consider the geometrically
nonlinear shallow spherical shells. The components of the
deformation tensor have the following form:

Lz A7 BAarvi AkGAs
¢, =5(Rjaiu +RoU +8'0a,0),
where ﬁi

By means of I. Vekua method two-dimensional system of
equations is obtained [1], [2], [3]. Using the method of the small
parameter, approximate solutions of these equations are constructed
[4], [5]. The small parameter & =h/R, where 2h is the thickness of
the shell, R is the radius of the middle surface of the sphere. A
concrete problem is solved.

are covariant basis vectors, U is the displacement vector.
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GENERAL SYSTEMS VIEW IN THEORETICAL AND
APPLIED MECHANICS

Ardeshir Guran
Institute of Structronics, Ottawa, Canada, ardeshir.guran@mail.mcgill.ca

To tackle the complex problems of mechanics today, we need to
accommodate a wide range of expertise, including solid mechanics,
fluid mechanics, analytical methods, related problems of analysis,
and computational techniques. Systems approach and concepts can
offer the means of integrating the contributions of these mechanics
experts. System thinking is applied to mechatronics design in [1],
and system approach to physical and mathematical modeling of real
world problems is revisited in [2]. The General System Theory has,
as one of its major goals, the establishment of similarities in form
and in the content of various systems [3].

The literature in the various sub-disciplines of theoretical and
applied mechanics is now so extensive that specialists in one
discipline are often not familiar with the works in another
neighboring discipline. Topics such as thermodynamics of reversible
and irreversible processes, Hamiltonian dynamics, Nano mechanics,
instability and chaos have been dealt with by researchers in these
fields some of whom have been unaware of the fundamental
developments in that topic in other fields. In this state of apparent
diversion and scattering of knowledge, a unifying view is needed. It
is believed that the General System Theory provides this underlying
foundation.

The quest for a general systems view in theoretical and applied
Mechanics is the main aim of the present paper. First, the main
concepts and principles related to systems outlook with emphasis on
modeling and analysis of systems are reviewed. Then, mathematical
isomorphism in various mechanical systems is discussed. The last
part of this work deals with a discussion of bifurcations and chaos
phenomena in solids and fluids from a systemic viewpoint.

Acknowledgment This work was completed during my stay at
Universitaet der Bundeswehr Muenchen in 2011. I am indebted to
Professor Joachim Gwinner, Director of the Institute fiir Mathematik
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LIFE AND ACTIVITIES OF ILIA VEKUA

George Jaiani, Tengiz Meunargia

Iv. Javakhishvili Thbilisi State University, I.Vekua Institute of Applied
Mathematics, Thbilisi, Georgia
george.jaiani@gmail.com, tengiz.meunargia@viam.sci.tsu.ge

The lecture is devoted to Ilia Vekua’s life and scientific
activities. Brief survey of main results of I. Vekua in partial
differential equations and complex analysis and their applications to
geometry and mechanics is given. The special emphasis is made on
his achievements in construction and investigation of different
versions of refined models of elastic shells.
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APPROXIMATE METHOD OF THE SIMULTANEOUS
ROTATION PROBLEM OF THE POROUS PLATE AND
FLUID WITH ACCOUNT OF MAGNETIC FIELD AND HEAT
TRANSFER IN CASE OF VARIABLE
ELEQTROCONDUCTIVITY

Levan Jikidze, Varden Tsutsqiridze

Georgian Technical University, Tbilisi , Georgia
levanjikidze@yahoo.com, b.tsutskiridze@mail.ru

In this paper by means of consistent approximation unsteady
problem of the simultaneous rotation of the infinite porous plate and
fluid with account of magnetic field and heat transfer, has been
studied when the coefficient of electroconductivity varies as a law

O=0y——
0 TOO
and into the plate injection of the same flow with v, (t) speed takes
place

To determine the thicknesses of the dynamic and heat boundary
layers differential equations are obtained and the exact solutions are
found in special cases when the injection velocity varies according to
different laws and between the thicknesses of a functional
dependence of the form J;(t)=y5(t)

All physical characteristics of the flaw are calculated.
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DESIGN OF COMPOSITE STRUCTURES BASED
FUSELAGE OSCILLATIONS ARISE DURING TAKEOFF
AND CREEP

Yu. Kanchaveli
Georgian Aviation University, Tbilisi

As is well known, one of the most urgent cases, in calculating
structures of aircraft is the takeoff and landing mode with a
maximum mass, since in this case there are oscillations with
maximum amplitude. The case of take-off, despite its brevity is one
of the determining factors in the occurrence of fatigue design.

With this in mind, the most stable to fluctuations in the material is
considered by many researchers, the polymer fiber plastics (PFP),
which have a high viscosity, leading to a decrease in the number of
loading cycles and increase in the rate of decrease of the initial
amplitude of the oscillations. However, the PFP, along with the
above properties have a pronounced damping capacity to dissipate
vibration energy as heat. An increase in temperature can significantly
increase the creep PFP, which in turn will increase the initial
amplitude of the oscillations and reduce the rate of reduction of the
latter.

Thus, the goal was set - the design of the fuselage of the plane of
the main line with variations occurring under the influence of
random and other factors operating at the time of takeoff and
nonlinear relationship between stress and strain of PFP. In this
connection made inhomogeneous differential equation describing
the vibrational movement of the fuselage in the vertical plane:
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where has been constructed E is a reduced modulus of elasticity of

the PFP, |, is the moment of inertia of the reduced cross-section of

the fuselage relative to the neutral line, K, is viscosity of the PFP, S
is cross-sectional area of the fuselage, p - the average density of the

PFP, [ is the coefficient of air resistance, f (Z,t) is the function of

the intensity of weight and aerodynamic forces acting on the vertical
plane, represented as a Fourier series.

The general solution of differential equations with allowance
arising from the take-off boundary and initial conditions was
obtained in the form of a Fourier series whose coefficients are
calculated using Mathcad -13.

Cross sections of the fuselage sections were submitted to a three-
layer surface of revolution, consisting of the main layers and layers
of square honeycomb core and reinforcing lining region of
compression (since carbon CMU-1, used by us operates at less
compression).

Two schemes of reinforcement layers - [00,450,—450,0()]n and

[00 ,30°,-30°,0° ]n , where N € N, have been considered.

Thicknesses, static moments, moments of inertia of the core
layers and the honeycomb core are taken as a fraction of the outer
radius of the circle cross-section fuselage, according to the size of the
thickness of the layers in the fuselage of an aircraft prototype Tu-
134B and A318-100.

To approximate the experimental data, the total strain carbon
CMU-1 used the following relation which describes well the strain in
the areas of transient creep:

glo,t)=e(o,t=0)+a-t°,
where a,b - are positive constants depending on the level of stress

and temperature.

Since in the calculation of the design assumes consider variations
of design and material creep, then to find the strain fracture design a
new method has been used that reduces the amount of material.
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As a result, using Mathcad-13 obtained optimal values of the
outer radius, area and bending stiffness of the cross sections of
carbon fiber fuselage sections of the CMU-1 circuits for

reinforcement-[00,450,—450,001 and [00,300,—300,0°] subject to
creep, random, and other factors causing variations. Accounting for
creep and vibrations arising in the fuselage of the main passenger

plane made of PFP will lead to safer, fatigue and vibration strength
fuselage, as well as its lifetime

ON THE APPROXIMATE SOLUTION OF 3D MIXED
BOUNDARY VALUE PROBLEM OF ELASTICITY THEORY
AND APPLICATION TO MICROMECHANICS

Nino Khatiashvili*, Archil Papukashvili*, Omar Komurjishvili*,

Jana Bolgvadze*, Zurab Kutchava*, Giorgi Kurdghelashvili**

*Tv. Javakhishvili Thbilisi State University, I.Vekua Institute of Applied
Mathematics, Thilisi, Georgia, apapukashvili@rambler.ru,

ninakhat@yahoo.com, janabolqvadze@list.ru, zkutch@yahoo.com,
**N 3 Public School Kaspi, Georgia, giorgi19870205@mail.ru

This work deals with 3D mixed boundary value problem of the
elasticity theory for the orthotropic (particularly in isotropic case)
body. It is supposed that static forces effect the body.

For this system two different methods of the approximations are
proposed: 1. Variational-Difference method (see [1]), and 2.finite-
Difference method (see[2]).

These methods could be applied to the micromechanics (see [3]).
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PROBLEMS OF STRESS DELOCALIZATION
(LOCALIZATION) IN MULTILAYER THERMOELASTIC
CYLINDRICAL BODIES AND SOME QUESTIONS
CONNECTED WITH THE USE OF THE BOUNDARY
ELEMENT METHOD FOR SOLUTION OF ELASTICITY
PROBLEMS

Nuri Khomasuridze*, Roman Janjgava**, Natela Zirakashvili ***,
*Tv. Javakhishvili Thbilisi State University, I.Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, khomasuridze.nuri@gmail.com
** Iv. Javakhishvili Thilisi State University, I. Vekua Institute of Applied
Mathematics, Thilisi, Georgia Tbilisi, Georgia, roman
janjgava@gmail.com *** Iv. Javakhishvili Tbilisi State University,
[.Vekua Institute of Applied Mathematics, Tbilisi, Georgia Tbilisi, Georgia,
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Boundary value contact problems on the thermoelastic
equilibrium of multilayer cylindrical bodies are used as an example
in considering problems of delocalization (localization) of stresses in
such bodies. An analytical (exact) solution of the formulated problem
is constructed in the form of infinite series. A sequence of solutions
is as follows: first a general solution is constructed by means of
harmonic functions. Each of these functions is represented by the
corresponding series using the method of separation of variables.
Conclusions on delocalization (localization) of stresses are made
according to the conventional delocalization (localization) criterion.
The considered problems (the two-dimensional case is meant)
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illustrate the advantage of the use of the polar coordinate system
instead of the Cartesian one in the case where problems are solved by
the BEM.

OPTIMAL PARAMETERSOF CATION
EXCHANGERS WORK

Zurab Megrelishvili, Ibraim Didmanidze, Grigol Kakhiani,
Zebur Surmanidze, Didari Didmanidze

ShotaRustaveli State University, Batumi
ibraimd@mail.ru

The article presents the optimization equation for cation
exchangers where the specific discharge of the reagent and the
filtration speed of the softened water are taken as optimization
parameters. The three-dimensional graphs and the combined
graphs for the effectiveness functions are given for different
concentrations of regenerant solutions. The article proposes
the calculation data got from each layer calculation for the
process of regeneration of cation exchangers. The developed
program gives the possibility to calculate optimal parameters
of cation exchangers work under any input parameters.

THE AXIAL SYMMETRIC CONTACT PROBLEMS FOR
SEMI SPACE WITH VERTICAL CUT FINITE OR
SEMI FINITE CYLINDRICAL CUT

A.F. Minasyan

Yerevan, Armeny

The two mixed boundary problems of elasticity are considered:
1. Contact problem for elastic isotropy half space weakened by
cylindrical deformable hole of finite length, passing on the boundary
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of semi space perpendicularly to it. On the boundary of a semi space
the rigid circular stamp with arbitrary shape of its base is applied.
The hole is in position under the stamp. The boundary of a half space
and the interior part of the hole are free from stresses.

2. The same contact problem is solved for a half space, when
upper surface of a cylindrical hole is on finite distance from the
boundary of half space and the hole is semi-infinite. For both
problems on the boundary of a half space the rigid stamp is applied.

The solution is made by two biharmonic functions @, and @,

for a cylindrical hole and a half space in the form of a sum of
Fourier—Bessel integral and Fourier-Dini series for @, and of

integrals of Fourier-Macdonald and Weber for the @, .

For unknown coefficients functions one obtains system of dual
integral equations with kernels in the form of trigonometric functions
and the Weber functions. This system by method of transforming
operators is reduced to singular integral equation of second kind with
Cauchy kemnel and furthermore to standard Fredholm integral
equation. The expressions for normal stresses under the stamp and on
outer surface of hole with separated singularity including coefficients
of stress intensity, as well as of values of displacements of halfspace
boundary out of stamp and on the surface of a hole are obtained.

Equating to zero coefficient of stress intensity of normal stress is
obtained size of external radius of hole.

NUMERICAL METHODS AND ENGINEERING
RESEARCHES IN GEORGIA
(THE RETROSPECTIVE REVIEW)

Archil Motsonelidze

Georgian technical University, Tbilisi, Georgia
a_motson@hotmail.com

The analysis of progress of theoretical researches of structures
since the 60-ies of the 20-th century, seen from a position of the
engineer, is proposed. The beginning of this period is taken in view

29



of the fact that the global expansion of Finite element method, the
most powerful numerical method in the field of strength analysis of
structures, has begun since this period. It is described, how this
method was being implemented and how it affected progress of
theoretical researches of constructions in Georgia.

BOUNDARY INTEGRAL EQUATION METHOD IN THE
THEORY OF STEADY STATE OSCILLATIONS

David Natroshvili
Technical University of Georgia, Tbilisi, Georgia
natrosh@hotmail.com

We deal with the application of potential method in boundary
value and transmission problems for steady state oscillation
equations. We give a short overview of  the classical acoustic
problems for the Helmholtz equation in unbounded domains and
bring some historical notes related to Sommerfeld radiation
conditions. We analyze Sommerfeld-Kupradze type radiation
conditions in various models of continuum mechanics and present
uniqueness and existence results based on the boundary integral
equations method.

THE APPROXIMATE SOLUTION OF A
NONHOMOGENEOUS OSCILLATION DIFFERENTIAL
EQUATION

Vladimer Odisharia
Department of Mathematics, 1. Javakhishvili Tbilisi State University
Thbilisi, Georgia, email: vodisharia@yahoo.com

The following initial boundary value problem is considered
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Wn—(/lJr%ﬂVvvfdxjAW:f(x,t), 0<t<T, xeQ, (1)
Q

W(x,0) =w’(x), W, (x,0)=w'(x), xeQ,

)
w(x,t)=0, xeoQ, 0<t<T,
where X =(X,X,,X%;),Q={(X,X,,X;)|0< X, <7, 1=123},
0Q is the boundary of the domain ©Q, w’(X),w'(X) and f(X,t)
are given functions, A >0 and T are the known constants.

Equation (1) is a three-dimensional, nonhomogeneous,
analogue of the Kirchhoff equation [1]

W, —(i +%jwfdx]wxX =0
0

describing the oscillation of a string. The problem of solvability
of this equation was for the first time studied by S. Bernstein. Later,
many researchers showed an interest in equations of Kirchhoff type
(see e.g. [2]-[5]).

Here we present a numerical algorithm of problem (1),(2).
Step-by-step discretization with respect to spatial and time variables
is carried out. To solve the resulting cubic system we use the Jacobi
iteration method. The error of this method is estimated.
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COMPUTER MODEL OF THE “CABLE-PULLEY”
COMPOSED STRUCTURE ON THE BASIS OF DISCRETE
IMAGINATION OF THE STABLE DEFORMABLE STATE

David Pataraia, Edisher Tsotseria, Giorgi Nozadze,
Teimuraz Javakhishvili, Giorgi Javakhishvili, Rusudan Maisuradze,
Giorgi Purtseladze

The Grigol Tsulukidze Mining Institute, Tbilisi, Georgia,
david.pataraia@gmail.com

The work represents the attempt of a new approach of calculation
of the cable elaborated at the Mining Institute — extension and use of
a discrete model of solid deformable state on the different
mechanical objects, particularly, for modeling and calculation of the
complex cable-stick structures and massive states. By use of this
approach a computer model was composed and some classic
examples of applied mechanics were: the condition of axially loaded
stick (Eiler’s Task), membrane, bilateral fixed doubled stick and net
(sail) in stationary loaded conditions.

In the given work the computer model of the “cable-stick”
structure is described on the basis of the same approach and by
means of it the result of investigation of a current physical process in
case of the cable pulley.
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The object of investigation was a flat model of interaction of the
cable and stick suggested by Prof. Oplatka: Plates A and C (pulley)
rotate loosely around O1 and O2 joints but the cable leans over S1
and S3 joints (in this case the cable is considered as flexible stick).
Besides, the cable rotating around plates A and C Ol and O2 axis by

friction travels in the hinge fixed in joint S2 and will rotate around
the axis of joint.
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ABOUT METHODS OF APPROXIMATE SOLUTIONS FOR
COMPOSITE BODIES WEAKENED BY CRACKS IN THE
CASE OF ANTIPLANE PROBLEMS OF ELASTICITY
THEORY
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In the present article two methods of solution of elasticity theory
antiplane problems for piece-wise homogeneous orthotropic plane
weakened by cracks by integral equations and finite-difference
methods are studied. In the first case for orthotropic (particularly in
isotropic case) plane antiplane theory elasticity problem is reduced to
the system (pair) of singular integral equations containing
immovable singularity with respect to the tangent stress jumps(see
[1],[2]). The questions of behaviors of the decision in a vicinity of
the ends of cracks and on dividing border are investigated. The
general schemes of solving and carrying out numerical computation
using spectral, collocation and asymptotic methods are given. In
considering piece-wise homogeneous plane slackened with cracks
antiplane elasticity theory by finite-differential methods the plane is
replace by big-value square and differential equation and its
responsible boundary conditions are approximated by different
analogy. This statement of the problem gives possibility to find
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directly numerical values of displacement in grid knots. In cases of
both methods the offered settlements have been approved for
concrete practical problems and numerical results are in a good
approximations with the results, obtained by theoretical studies.
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ON THE SOLUTION OF A NON-LINEAR INTEGRO-
DIFFERENTIAL EQUATION FOR THE STRING

Giorgi Papukashvili*, Zviad Tsiklauri*

*N 199 Public School-Pansion “Komarovi”, Tbilisi, Georgia,
papukashvili@yahoo..com
**Georgian Technical University ,Tbilisi, Georgia,
zviad_tsiklauri@yahoo.com

In the present article an initial value problem is posed for the
Kirchhoff integro-differential equation, which describes the static
state of string (see [1]). The problem is solved by methods or Chipot-
Rodrigues (see [2]) . The algorithm has been approved on tests and
the results of calculations are represented in graphics.
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AN ITERATION METHOD FOR THE KIRCHOFF STATIC
BEAM

Jemal Peradze

Iv. Javakhishvili Thilisi State University, Georgian Technical University,
Thilisi, Georgia, j peradze@yahoo.com

We consider the equation

L
u™(x) —[/1 + j(u'(x))2 deu "(x) = f(X), (1)
0
O<x<lL, A=const >0,
with the conditions
u(0)=u(L)=0, u"(0)y=u"(L)=0. 2)
Equation (1) describes the static state of the beam. The topic of
construction and investigation of numerical methods for equation (1)
and equations with similar nonlinearity is treated in a number of
works (see [1]-[3] and the references therein).

To approximate the solution of problem (1), (2), the following
iteration algorithm

uﬁv(x) - [/1 + JL‘(u,Ll(x))2 dx]u[(v (x)= f(x),

0

U (0)=u,(L)=0, uIL'(O):ulf(L)zo, k=0,1... .
1s used
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Applying the Green’s function u,(X) is expressed explicitly

through the previous approximation. The algorithm accuracy is
discussed.
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THEORY OF THE BINARY SENSORS DEPENDABILITY

Archil Prangishvili', Oleg Namicheishvili?, Jujuna Gogiashvili®,
Michael Ramazashvili*
Technical University of Georgia, 77 Kostava Str, 0175 Tbilisi, Georgia
'a_prangi@gtu.ge, *oleg_namicheishvili@hotmail.com,
*jujugol 1 @mail.ru, “misharamazashvili@yahoo.com

Binary sensor systems are various types of analog sensors
(optical, MEMS - MicroElectroMechanical Systems, X-ray, gamma-
ray, acoustic, electronic, etc.), based on the binary decision process.

Typical examples of such «binary sensors» are X-ray luggage
inspection systems, product quality control systems, automatic target
recognition systems, numerous medical diagnostic systems, and
many others.

In all these systems, the binary decision process provides only
two mutually exclusive responses.

There are also two types of key parameters that characterize either
a system or external conditions in reiation to the system which are
determined by their prior probabilities.

In this paper, by using a formal neuron model, we analyze the
problem of threshold redundancy of binary sensors of a critical state.
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Three major tasks are solved, videlicet:

- implementation of the algorithm of error probability
calculation for threshold redundancy of a group of sensors;

- computation of the minimal upper bound for the probability
in a closed analytical form and determination of its
relationship with Claude Shannon’s theorem;

- derivation of the expression (estimate) for sensor «weights»
when the probability of the binary system error does not
exceed the specified minimal upper bound.

Keywords: formal neuron, threshold principle, sensor, sensor failure
probability, the probability of sensor group error, threshold
redundancy.
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SPECIFICS OF THE CALCULATION OF HIGH-RISE
BUILDINGS ON SEISMIC EFFECTS AND MODERN
SEISMIC CODES

Lali Qajaia*, Ts. Tsiskreli, N. Chlaidze, K. Chkhikvadze*
Technical University*, GeorgiaZavriev Center of Structural Mechanics,
Earthquake Engineering and Engineering Expertise
Thilisi, Georgia, e-mail: qajaia@gmail.com

The codes for seismic design of buildings were developed for
low and medium rise buildings and a linear continuous shear-beam
model has long been used to study the response of taller buildings,
whose responses are typically dominated by the first translational
mode in each horizontal direction and not for the modern generation
of tall buildings in which multiple modes of translational response
can contribute significantly to the global behavior. The codes are
based on elastic methods of analysis using global force reduction
factors, which cannot predict force, drift and acceleration response in
tall building framing systems that undergo significant inelastic
action. Nowadays, in the world, the new approach — the adequate
evaluation of the structure at both 'weak and 'strong' earthquakes —
known as 'Performance Based Design-MCE'- is being established.
The approach takes into account nonlinear performance of structure.
Performance based design of high-rise buildings should investigate at
least two performance objectives explicitly, namely: 1. negligible
damage and 2. collapse prevention.. Deformation and intrinsic
damping are the key parameter in performance-based seismic design.
The P- A tall structures effects and large deflection effects must be
taken into account. Seismic design is very critical issue for tall
structures located near a tectonic fault./3/.

The methods of Eurocode 8 /2/ are not performance based and not
well suited to high-rise construction. Eurocode-8 did not contains
prescriptive requirements for seismic design of tall structures and
buildings, design models there do not differ from the usual
computational models of buildings.

Response spectrum and response-history analysis are both
acceptable elastic analysis procedures for tall buildings in Eurocode
8. Elastic analysis will generally only be valid for the service level
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assessments. Nonlinear analysis will generally be necessary for the
collapse prevention level assessment. Second order (P- A) effects
need to be included in analysis.

Eurocode-8 does not have provisions for near-source effects and
allows providing earthquake resistance for internal forces from an
analysis for the seismic action with a force reduction or behavior
factor (q) without taking any other measures for local or global
ductility.

National Building Codes and Rules-Earthquake Engineering /1/,.
prepared by former K.Zavriev Institute of Structural Mechanic and
Earthquake Engineering (Georgia), contain prescriptive requirements
for seismic design of tall structures. According to these codes,
structural engineers use the same rules for structures with very large
differences in height, same response spectrum and same P- A limit.

Seismic safety is one of the country's strategic directions and
appropriate standards should be regulated. Currently in Georgia
earthquake engineering is conducted. according to National Building
Codes and Rules-“Earthquake Engineering. The codes provide only
general recommendations for high-rise building.. The construction of
high-rise buildings is intensively developed in Georgia and it is
necessary to continue research in this direction.
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GEORGIAN HIDRODINAMICERS, AERODINAMICERS
AND AIRCRAFT DESIGNER
WHO HAD BEEN WORKING ABROAD

Jondo Sharikadze
Iv. Javakhishvili Thbilisi State University, I.Vekua Institute of Applied
Mathematics, Thilisi, Georgia

The lecture is about Georgian scientists who worked abroad in the
19th and 20th centuries and played a great role in hydrodinamics,
aerodynamics and aircraft designer.

Unfortunately, for certain periods of time their names had been a
taboo. Now we have a chance to introduce them to Georgian people.

THE BOUNDARY-CONTACT PROBLEM
ELECTROELASTICITY FOR PIEZO-ELECTRIC
MATERIAL WITH INCLUSION

Nugzar Shavlakadze
Iv. Javakhishvili Thbilisi State University, A. Razmadze Mathematical
Institute, Tbilisi, Georgia, nusha@rmi.ge

It is considered the problem of finding of mechanical and electric
fields, in piezo-elastic body which is strengthened with rigid or
elastic inclusions. In conditions of plane deformation, in infinity, on
plate acts the homogeneous field of mechanical stresses, and on
boundary of inclusion it is given electrical fields potential [1].

For stress function and electrical field’s potential we obtain the
system of differential equations, which solutions are represented
using three analytical functions

¢ = ZReZVkICDk(Zk)dea ¢, = _2Rezﬂ'kq)k(zk)
k=1 k=1

- 2 3
Lo = X+ Xy My = e Vi = 8y FAnlhs Ay = 8y 4 + Byt (1)
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M, - are roots of characteristic equation.
The boundary-contact problem has the following form:

2Re{) 2, D, ()} =W, (1), n =1,2,3,t, = Ret+ 4, Imt, t & (-b,b)

k=1

WO =T, WH=0 Wwn=2,

dt
') =90 ) =0

ZRez pKQL(t) = LIT(S)dS, P = al47k:uk2 +1/2(a, =847, — 8y — Al
= 2)
The solution of boundary problem (2) we find by following form

b
cD'k(Zk):Ak-FL-JM? k=123
2 b tk —Zy (3)

where A constant satisfies the given conditions in infinity.

For densities @, (t) the problem is reduced to systems of singular
integral and linear algebraic equations, and by foreseeing of
equilibrium and contact continuum conditions of inclusion, for
unknown contact stresses 7(1) we obtain the singular integral

differential equation [2].
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SPATIAL PROBLEM OF PRISM ROD ANALYSIS AT
UNIFORM TEMPERATURE IMPACT

Demur Tabatadze, Murad Kalabegashvili,
Gela Kipiani, Revaz Tskhvedadze
Georgian Technical University

The paper deals with the spatial problem of the prism shaped rod
for that specific case, when the rod is undergoing the uniform
temperature impact at t°=T. The solution of spatial problem of
elasticity is performed by trigonometrical functions, by mean of

which the shear stresses of spatial problem T#%#, T¥%, Tz are
presented by triple interpolating trigonometric functions that would
be selected in such an order that in the obtained spatial problem
desired shear stresses must exactly satisfy the preliminary boundary
and initial conditions. These functions themself contain unknown
coefficients, that define their gauntative value and would be

determined by taking into account coincidence of the ends.

The values of internal stresses ox, oy, 6z, '&v, 'v&, Tax and
desired functions of movement u, v, w, would be defined due to the
theory of elasticity, and 6 equations of deformations, by preliminary
introducing in them interpolating functions of shear stresses.
Unknown coefficients would be defined due to non-applied three
equally satisfied equations of deformation that give the system of
algebraic equations, with respect to unknown coefficients, defining
shear stresses, which can be easily solved by using the method of
collocation.

On the basis of compiled mathematical algorithm as a result of
solution of considered spatial problem computer program, is de-
veloped that gives the possibility to perform its numerical realization
for arbitrary values of geometrical parameters of given rods.

Particular cases are considered and is constructed diagrams of

some stresses and displacements changing in dimensioneless values
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whose exact values would be obtained through multiplying by a1TE
value.

MATHEMATICAL MODEL OF FORECASTING
DURABILITY OF CONCRETE

Temur Turmanidze, Ibraim Didmanidze

Shota Rustaveli State University, Batumi
email: ibraimd@mail.ru

A principally new analysis model is offered, which allows to
predict long strength of the concrete. New analytical dependences are
worked out to analyse long strength limits of the concrete in order to
analyse long strength of the concrete of different types. It is possible
to use suggested dependences with the use of experimental data for
endurance obtained on the concrete of the same structure.

THE TEA MASS MECHANICAL MODEL FOR
MATHEMATICAL MODELING OF LEAF TMISTING
PROCESS

Avtandil Tvalchrelidze
Akaki Tsereteli State University, Kutaisi, Geoegia, avtvad7@rambler.ru

It is impossible to develop the novel high-performance
technologies and equipment for the tea products manufacturing
without deep theoretical studies including the tea leaf twisting
process. The twisting process aims at separation of the tea leaf
flushes’ elements, shaping the leaves into twisting form, but above
all, at the destruction of cell walls, isolation of the cell fluid on the
surfaces of leaves. At present, there is no acceptable mechanical
theory of the tea mass twisting processes. The rheological model of
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the tea mass is a basis of this theory and it must contain as a state
parameter the degree of twisting.

The tea mass possesses the complex rheological properties
representing all the combinations of fundamental properties
(elasticity, plasticity and viscosity). The tea mass elastic properties
especially are shown in such a mass, which consists of natural
moisture-holding leaves. Consisting of small associated elements
such as sprouts and leaves, the tea mass pertains to a friable medium.
As well as in case of the mechanical description of any friable
medium it is of a great importance to correctly consider the plastic
properties.

The existence of the viscosity properties implies the dependence
of the internal forces on the strain rate. Basically, such dependence
must be visible with the existence of layer created by cell sap
between leaves. Seemingly, with a low strain rate it is possible to
ignore the viscose friction and during the twisting to carry out the tea
mass modeling with an elastic-plastic medium by means of dry
internal friction.

In a given report the tea mass model is constructed on the basis of
relationships of the theory of plastic flow and mechanics of friable
mediums [2].

By construction of the theory of tea leaf twisting process there has
been introduced the concept of twisting degree - the local
characteristic of the tea mass state at a given point of time [1].
Introduction of a new unknown quantity requires one more
additional equation for the closure of the system of equations of the
process [2]. Such kind of equation must contain a condition
(twisting criterion) linking the kinematic and dynamic characteristics
of the tea mass motion, when twisting is carried out with various
particular mechanisms of the leaf cell mechanical destruction [3].
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DIRECT AND ITERATIVE METHODS OF SOLUTION OF
SOME NONLINEAR PROBLEMS OF MECHANICS

Tamaz Vashakmadze

Iv. Javakhishvili Thbilisi State University, I.Vekua Institute of Applied
Mathematics, Thilisi, Georgia, tamazvashakmadze@gmail.com

Methods considering below were realized for finding the
approximate solution of some problems of nonlinear mechanics in
the cases when the corresponding mathematical models are 1 and/or
2 dim with respect to spatial coordinates initial-boundary value
problems for anisotropic elastic thin-walled structures.

1. The continuous analogue of Peaceman-Rechford’s Alternating
direction method was developed and the high order accuracy
schemes for von Karmén-Filon type quasilinear systems of integro-
differential equations were constructed;

2. By using Z. Gegechkori, J. Rogava and M. Tsiklauri method,
third and fourth order accuracy monotone schemes with respect to
time step for dynamical problems of von Karman type systems were
constructed;

3. For Karman type systems the parametric derivation method
representing the concrete realization of Bernshtain’s Arbitrary
Functions Method was developed;

4. The variational-discrete method of approximate solution of
some linear 2 dim boundary value problems for bounded as cases as
unbounded domains were founded and used. For coordinate
functions are using the spline functions and classical orthogonal
polynomials were used;

45



5. The alternative to perturbation Poincaré-Lyapunov’s theory
convergent method for linear operator equation (L—i—&M )u =f (with
parameter &), was created which gives approximate solution by

inversion of L N-times and applications operator éM to the known
function.
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