GEORGIAN MECHANICAL UNION
LJOAUBINRML 3JJS603MLO)S 35330

V ANNUAL MEETING
OF THE GEORGIAN MECHANICAL UNION
LOJS@MBIRKRML 3JFS603MLA)S 353F0@OL
3dbdMI JMBZIKVROIAG0 3(M6BIAHI6C0S

BOOK OF ABSTRACTS
dMbLI6IdS()S MIBOLISO

8-10 OCTOBER, 2014, TBILISI
8-10 MdBdM333&0, 2014, 016000



© TBILISI UNIVERSITY PRESS
0300606 J603IALOBIBOL 353(MICIFRN(MdS

ISSN 2233-355X



ORGANIZERS:

1. Javakhishvili Tbilisi State University

e [. Vekua Institute of Applied Mathematics

e Faculty of Exact and Natural Sciences

e Department of Mathematics, Chair of Mechanics
e Thilisi International Centre of Mathematics and Informatics
o Georgian National Committee of Theoretical and Applied Mechanics

Georgian Mechanical Union

SCIENTIFIC COMMITTEE:

Aptsiauri, Amirani (Georgia)
Botchorishvili, Ramaz (Georgia)
Chinchaladze, Natalia (Georgia)
Danelia, Demuri (Georgia)
Gabrichidze, Gurami (Georgia)
Gavardashvili, Givi (Georgia)
Gedenidze, Zurabi (Georgia)
Gigineishvili, Joni (Georgia)
Gordeziani, David (Georgia)
Gorgidze, David (Georgia)
Gulua, Bakuri, Scientific Secretary (Georgia)
Hasanoglu, Alemdar (Turkey)
Jaiani, George, Chair (Georgia)

ORGANIZING COMMITTEE:

Avazashvili, Nikolozi

Bregvadze, Amirani

Chinchaladze, Natalia, Chair

Gabelaia, Miranda, Scientific Secretary
Gulua, Bakuri, Co-Chair

Kipiani, Gela

TOPICS OF THE MEETING:
1. Solid Mechanics
2. Fluid Mechanics
3. Solid-Fluid Interaction Problems
4. Applied Mechanics
5. Related Problems of Analysis

CONFERENCE WEB-PAGE:

Kalabegishvili, Miriani (Georgia)
Kapanadze, George (Georgia)
Kipiani, Gela (Georgia)
Kvitsiani, Tarieli (Georgia)
Meunargia, Tengizi (Georgia)
Miiller, Wolfgang H. ( Germany)
Natroshvili, David (Georgia)
Pataraia, David (Georgia)
Sharikadze, Jondo (Georgia)
Shavlakadze, Nugzari (Georgia)
Skhirtladze, Nugzari (Georgia)
Vashakmadze, Tamazi (Georgia)

Nozadze, George
Rukhaia, Khimuri
Qajaia, Lali
Sharikadze, Meri
Tskhakaia, Ketevani
Tsutskiridze, Vardeni

http://www.viam.science.tsu.ge/others/gnctam/annual5.htm



http://www.viam.science.tsu.ge/others/gnctam/annual5.htm

0M560Bo@MMHYdO:

03. X535b0d30¢0b LobgEmdOL MdOOLoL Lsbgwdfoxm MboggdloGyGo
® 0. 393799L bobgEMBOL #59MmYg6gd0m0 FomgdoEo3ol 0bLGOGHWEGHO
o DYLE ©d LdYBIBOLBYGYZIw™ g3bogHIBIS BOINLWAHIGO
e 350099353030L ©g35MF396¢)0, 09dobo 3oL 309G
¢ md0obOL bygHMSTMMOLM 396GHMO FomgToBH03ols s 0bBMOTsE 03530
o b5doOHM39ML 9HM36vw0 3MT0EIEO IO S odmyqbgdom
0999603590, LgoMMZzgMml Iggsbogzmbioms 3sgdoMo

bs3g3bogmm 3mdodgdo:
5833059960 5306560
0mFMMH0d30¢0 M535H0
245060B0dg Msdo
39350©5330¢00 3030
39©960dg9 HBy©d0
230306903300 xmbo
306009 30000
3O 9b0osbo @sgomo
DLW B3NO0, U530
doozs60
56905 ydMeo
358594d5dg 05950
39356599 om0

Lom®asboBsgom 3mdodgdo:

535B58300 bogmemmbo

06923599 5306560

23909505 30696, Lfsgereyero

doz560

3C0YS 8539960, 0253052050l
dmogoey

39369033000 HBMd0

Bmbsdg gom®o

3M6139696300L 09Bo@03o:

33030960 BoM0gwo

09965605 mgbaobo

90900 3mRasbao 3. (3g®3s60s)
BoG®MMBz000 ©30000

353561505 530000

Lbo®@wodg bmybsto
450589203300 doM0sbo

4o0x30560 9gmd

Fs3woysdg bmybotdo

85607599 xmbom

BobBsocnsdy bodowos

X905b0 F0MOY0, 0530y ©MIsHg
35L5bMmEEr) 5egdIMO (MEgomo)

9b505 bodmeo

Jox 05 swo

40x0560 49w

3504gsdg IgMo

Bobhocnsdy bodowos, 0520y @mdstky

3996JoM0dg 35M©9bo
(3H53505 Jgo93s60

1. 99o6 gRMm®To Lbgmmms dgdsbogs;

2. 30Q0MHMgMHMIgdsbo3o;

3. 69350 Y56 ©> MHY35 FoMHITMMS MOHMN0YIMHMNIIYJO0L 3OHMdXGIGd0;

4. 250my9gbgd0mo 394960395

5. 5bseoBol Imbsmglisgy bsgombgdo.

306539696300b 390-23900:

http://www.viam.science.tsu.ge/others/gnctam/annual5.htm


http://www.viam.science.tsu.ge/others/gnctam/annual5.htm

THE EQUATION OF ENTROPY PRODUCTION FOR
OPENSYSTEMS AS A THEORETICAL BASIS OF ENERGY
GENERATION FROM THE EQUILIBRIUM ENVIRONMENT

Amiran Aptsiauri
Kutaisi National Educational University, Kutaisi, Georgia,
a.aptsiauri@mail.ru

In this talk, on the basis of mass, energy and an impulse
preservation equations, it is shown that, integration of entropy
production equation for the closed and open systems yields
considerably different results. In particular, if in the closed system
processes take place only with entropy growth, in the open systems,
the thermal stream, accruing along a current, conducts to decrease in
entropy that contradicts the principle of permanent growth of
entropy. The Ge-theorem which represents the fundamental principle
of energy generation due to heat of environment is formulated. It is
shown that surprising stability of the tornado type phenomenon is
caused by emergence of sucking effect in the conditions of strong
heat conductivity of a turbulent stream. In spite of the fact that in
installations of small scales, fixation of this effect is difficult due to
prevalence of friction (viscosity), in the paper the need of
thermodynamics laws revision is shown.
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ANCIENTANTISEISMIC CONSTRUCTION
METHODS IN GEORGIA

Malkhaz Bediashvili
Academician of Academy of Engineering Academy of Georgia, Tbilisi,
Georgia, mabedi@mail.ru

Georgia is located in a highly seismic zone. Numerous cultural
and religious buildings were ruined through centuries due to
earthquakes. Historical records mention facts of severe quakes that
has been studied and published by modern scientists using
contemporary techniques.

Mtskheta, former capital of Georgia is a city having diversity of
monuments: architectural and historical buildings revealing
antiseismic constructing methods used since II-IV centuries BC.

Heritage of Mitskheta city-museum, namely Svetitskhoveli
Cathedral, Jvari Monastery, Samtavro Church and Armazi Fortress
are included in the world heritage list.

We had a possibility to get familiar with records concerning the
results of earthquakes in VII-IX, XI and XII centuries. We could not
find any earlier records.

Though, antiseismic construction method used to build stile
existing pagan and orthodox monuments and their ruins revelas that
old Georgians knew quite well the results of earthquakes and
measures for struggling with them.

For instance, ancient constructors used the technique of so
called “entire belt” i.e. chain belt when constructing Bagineti
Fortress in the IV century BC. This is the most ancient antiseismic
construction method known to us.

Long before the introduction of lime mortar, our ancestors were
masters of so called “dry building” i.e. using purely cut quadras
(stone blocks). Quite original construction method was also used —
quadras with “teeth” in order to avoid breaking of laying stitch.

Following stage of antiseismic construction must be so called
“swallow tail” introducing metal elements. This technique for
connecting different layings was used in the II century BC. A
“swallow’s tail” 12 cm long and 8-9 cm wide and a “throat” 5-6 cm
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wide and 2-4 cm deep were curved in each neighboring stone block.
This cavity was filled with melt lead or a metal and more rarely,
wooden plate was inserted.

In order to avoid breaking of laying, thin metal plates were
inserted in the horizontal stitches of laying. This techniques was used
to construct numerous churches in Mtskheta.

In addition, wooden antiseismic belts with the diameter of 30
cm were often used in Sioni Cathedral built in the VII century AD in
Thilisi.

The above and other antiseismic construction methods show that
Georgian builders, masters, architects learned from earthquakes and
developed construction techniques guaranteeing fabuluous
monuments for future generations.

NUMERICAL SCHEMES FOR LINEAR ADVECTION
EQUATION

Ramaz Botchorishvili
Ivane Javakhishvili Tbilisi State University,
Faculty of Exact and Natural Sciences.
Thilisi, Georgia

The equation in conservative and non conservative form is
considered. For improving accuracy two new approaches are
presented. The first approach uses baricentric derivative for building
fast high order schemes and the second approach is dealing with
mesh refinement algorithms when using schemes of different
accuracies. The convergence of proposed numerical schemes is
proved. The example of application in pollutants transport and
variational data assimilation is considered. Numerical tests
demonstrating practical accuracy of developed approaches are given.



NUMERICAL MODELING OF THE COASTLINE
DYNAMICS AND ITS ENGINEERING ASPECTS

Amiran Bregvadze, Lali Sitchinava,Tengiz Tchanturia
* Akaki Tsereteli State University, Kutaisi, Georgia,
amiranibregvadze@gmail.com

In modern conditions the problem of protecting the sea-coast
from a destructive interference of the waves is becoming clearer and
clearer. Therefore, environmental measures based on a proper
scientific basis need to be taken.

Recently an engineering thinking has become more focused on
the nature. Thus, new technologies are introduced as an effective
means of protecting the environment. Such technology is presented
as ACETUBE technology that is used in the restoration and
protection of the coastline. The resilience of ACETUBE material
provides its adaptation with the sea-bed of different shape and
structure. ACETUBE filled with sand is effectively used in
hydroengineering.

This talk deals with the coastal processes based on the
mathematical modeling of the ACETUBE used for coast protection
and restoration.

Besides, on the basis of ACETUBE technology the development
and implementation engineering measures for restoring coastline is
highly effective.
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SELF-PRESERVATION OF ULF ELECTROMAGNETIC
WAVE STRUCTURES IN THE MAGNETOTAIL WITH BBF
FLOW: DATA ANALYSIS

Khatuna Chargazia'?, O. Kharshiladze®, G. Zimbardo®
'Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, khatuna.chargazia@gmail.com
’Iv. Javakhishvili Tbilisi State University, M. Nodia Institute of
Geophysics, Thbilisi, Georgia, o.kharshiadze@mail.ru
*Physics Department, University of Calabria,
Rende, Italy, gactano.zimbardo@fis.unical.it

This work is devoted to the investigation of nonlinear dynamics
of large scale ULF electromagnetic (EM) ultra-low-frequency wave
(ULFW) structures in the magnetotail region with BBF (Bursty Bulk
Flow) - fast plasma flows inside the plasma sheet. These
perturbations undergo self organization in the form of the nonlinear
solitary vortex structures due to nonlinear twisting of the
perturbation’s front. Depending on the features of the velocity
profiles of the shear flows the nonlinear vortex structures can be
either monopole vortices, or dipole vortex, or vortex streets and
vortex chains. These ULF vortices are multi-scale nonlinear
structures. We give a review of the main theoretical features of
incompressible vortices and consider the stationary analytical
solutions of the proposed model. Finally, we analyze the spectral
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properties of the ULF electromagnetic vortex structures (monopole,
dipole, vortex street) and of the network of such vortices. We show
that the observed magnetotail flow spectrum in presence of these
vortices can be described, at least partially, by the vortex network
model. For the magnetotail region the parameters of flow kinematic
and magnetometer measurements by satellite “THEMIS” data during
substorm event February 19, 2008 is studied. Investigated spectra
reveals, that the power spectral density depends on the on
development stage of the magnetic substorms.

The space and time attenuation specification of the vortices is
studied. The characteristic time of vortex longevity is estimated.
BBF flow (shear flow) feeds with energy the considered vortices,
self-preserving in the medium during BBF and after its passage,
carrying the trapped medium particles, energy and heat. Thus they
represent structural elements of turbulence in the medium.

Acknowledgment. This work is supported by Shota Rustaveli
National Science Foundation's Grant no 31/14.

ON SOME METHODS FOR CALCULATING CUSPED
PRISMATIC SHELLS

Natalia Chinchaladze
Iv. Javakhishvili Tbilisi State University
[.Vekua Institute of Applied Mathematics & Faculty of Exact and Natural
Sciences, Tbilisi, Georgia, chinchaladze@gmail.com

The elastic body is called a prismatic shell if it is bounded
above and below by, respectively, the surfaces (so-called face

surfaces)
(+) (=)
X, = h(x,%,) and X, = h(x,,x,),



laterally by a cylindrical surface I' of generatrix parallel to the X, -

axis and its vertical dimension is sufficiently small compared with
other dimensions of the body.

In what follows we assume that

(+) (=)
2h(X1,X2)= h(Xl,Xz)— h(xl’xz)
is the thickness of the prismatic shell.

Using Vekua’s dimension reduction method [1-4], in [5]
hierarchical models for elastic prismatic shells are constructed for the
following models:

Model 2. On the face surface displacements
(£)
ui(XHXZa h(xlsxz)at)a I =1a2a3-
are known.
Model 3. On the face surfaces

)
u, (X, X%, h(x,x,),t), a=12,
(*) (%) ()
Q<t>3(X1: X,, h(X,,X,),t) = X3ﬂ(xla Xy, N(X,X,), 1) v 5
14
(£) ()
+ X35 (X, Xy, h (X, %,),0) v s
are known.
Here U, (X, %,,%;,t), X (X, X, %;,t), and e (X,,%,,%;,t)
(i, J=12,3) denote the displacement vector, stress and strain
tensor components of the three-dimensional theory of linear
elasticity, respectively.
The presant talk is divoted to the existence and uniqueness

theorems of the problems with variational formulation in suitable
generally weighted spaces for the constructed models.

Acknowlegment. The work was supported by the Shota Rustaveli
National Science Fuondation (SRNSF) grant # D-13/18.
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MECHANICAL SUPPORTING RING STRUCTURE FOR A
CONICAL PARABOLIC REFLECTOR

Konstantine Ckhikvadze, Shota Nizharadze**, Lali Qadjaia***
*Georgian Technical University, Tbilisi, Georgia, kote_ch@mail.ru
**Georgian Technical University, Agrarian University of Georgia,

Thilisi, Georgia, qajaia@gmail.com

The talk presents the transforming closed chain system of
having breaking stalks, which is falling apart on the tapered surface.
The novelty lies on the fact that the original scheme is designed to
connect the sections to each other, that doesn’t include the existence
of additional synchronization elements. So the system is
characterized by the natural synchronizing. The kinematic analysis
was carried out on structural elementsof regular nodes.

The quality of kinematic motion is defined and the locations’
function of the lever mechanism is determined. The appropriate
mathematical parametric model is built in the calculation program of
ANSYS which is maximally close to the real one. Calculations have
been made in advance straining in order to study the launched forces
in the construction elements. Dynamic characteristics are determined
and appropriate changes are made in construction by considering the
results of theoretical analysis. Finally there is quite light weight and
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rigid system which fully complies with the proposed requirements
about antenna technology.
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ORDER AND DISORDER

Guram Gabrichidze
Georgian National Academy of Sciences, Commission for Studying
the Scientific Problems of Naturalal Catastrophes, Tbilisi, Georgia,
gabrichgur@gmail.com

Our goal is to assess development trends of one of the most
important directions of human activity — construction in seismically
active regions. Tracing process of origin, formation and development
of trends of modern ideology of earthquake engineering, its main
elements were revealed, their interrelation is established, reliability
of forecasting of seismic stability of constructions is estimated and
suggestions for its increase are made.
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THE USE OF DOUBLE CYLINDRICAL LINKS IN CRANE-
TRANSPORT AND MOTO-TRANSPORT MACHINES

Vazha Gogadze
Akaki Tsereteli State University, Kutaisi, Georgia

Crane-transport and moto-transport working equipments are
complex system of area (space), the elements of which are connected
with a joint system.

In some mechanisms extra ties (bonds), can be met therefore in
the links with linear or corner declining, the machanism works with a
great tension (effort) in the construction.

The above mentioned decreases reliability of the machine. That’s
why it will be reasonable to creat such mechanisms which are self-
regulable and won’t couse the strain of construction elements.

SOLUTION OF BOUNDARY-VALUE PROBLEMS
OF PLATES BY THE VEKUA METHOD FOR
APPROXIMATIONS N =1 AND N =2

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

In this talk we consider equations of equilibrium of the isotropic
elastic plate. By means of Vekua’s reduction method, the system of
differential equations for plates is obtained, when on upper and lower
face surfaces displacements are assumed to be known. Then for finite
systems of equations, namely for approximations N =1 and N =2,
the general solutions are found. The main problem has been solved.
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SOME NEW CLASSES OF INVERSE COEFFICIENTS IN
NONLINEAR MECHANICS AND COMPUTATIONAL
MATERIAL SCIENCE

Alemdar Hasanoglu (Hasanov)
Izmir University, [zmir, Turkey, alemdar.hasanoglu@izmir.edu.tr

Three classes of inverse coefficient problems arising in
engineering mechanics and computational material science are
considered. Mathematical models of all considered problems are
proposed within the J2- deformation theory of plasticity. The first
class is related to the determination of unknown elastoplastic
properties of a beam from a limited number of torsional experiments.
The inverse problem here consists of identifying the unknown
coefficient  (plasticity function) in the non-linear differential
equation of torsional creep from an experimentally given torque (or
torsional rigidity). The second class of inverse problems is related to
the identification of elastoplastic properties of a D body from
spherical indentation tests. In this case one needs to determine
unknown Lame coefficients in the system of PDEs of non-linear
elasticity, from the measured spherical indentation loading curve,
obtained during the quasi-static indentation test. In the third model
an inverse problem of identifying the unknown coefficient in the
non-linear bending equation is analyzed. The boundary measured
data here is assumed to be deflections, measured during the quasi-
static bending process. An existence of weak solutions of all direct
problems is derived in appropriate Sobolev spaces, by using
monotone potential operator theory. Then monotone iteration
schemes for all the linearized direct problems are proposed. Using
strong convergence of solutions and compactness of the set of
admissible coefficients, an existence of quasi- solutions of all
considered inverse problems is proved. Some numerical results,
useful from the points of view of engineering mechanics and
computational material science, are demonstrated.

References
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ON MODELS OF LAYERED PRISMATIC SHELLS

George Jaiani
Iv. Javakhishvili Thbilisi State University
I.Vekua Institute of Applied Mathematics & Faculty of Exact and Natural
Sciences, Tbilisi, Georgia, george.jaiani@gmail.com
The present talk is devoted to models for elastic layered prismatic
shells. Using Vekua’s dimension reduction method [1-3],
hierarchical models of two types for elastic n-layer prismatic shells
are constructed. For each layer we construct hierarchical models
assuming to be known tractions on the face surfaces of the layered
body under consideration and, by both model constructing, calcula-
ting the values of displacements there from their Fourier-Legendre
expansions (with unknown coefficients) with respect to the thickness
variable. For the first ply the values of stresses X; and displace-

ments U, on the interface between the first and second plies

(Interface 1) we calculate from their Fourier-Legendre expansions
for the first ply. For one type of hierarchical models for the second
ply we construct hierarchical models taking as values of stresses and
displacements on Interface 1 their values calculated from their
expressions determined for the first ply, while on the interface
between the second and third plies (Interface 2) their values are
calculated from their Fourier-Legendre expansions for the second
ply, and so on. For the last ply we construct hierarchical models
taking as values of stresses and displacements on the last Interface
n—1 their values calculated from their expressions determined for

the penultimate ply. So, for the k-th, k =2,n—1, ply
*) )
(X Jox Bl

=)

©)
k-1 k-1
(uj =X Vkllj(xwxz» 1 (X1 X;), 1)

0 | ©)
Z(—l)'az(ua)( P Xl'j,‘vk“j(xl,xz,t), k=2,n-1, (1)
1=0

[where, for fixed k, (u'{",—X " 1_/k 1) (X, X,,1), k= 2,n—1, become
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known after solving the corresponding BVP (IBVP) for the k —1
)

ply, where u, X £ are s.c. I-th order mathematical moments, v, are

[EEATT
)
the exterior to k-th ply normals to the face surfaces X, =h, (X,,X,) ]

‘ ‘ ) (=)
uj ’ Xij Vii (X1>X2’ hk (Xlsxz)st)

ki =) -
:Z(—l)'az(l +|Ej(u;,xg, Vi j(xl,xz,t), k=2,n-1, (2)
1=0

) )

with unknown u‘ Xil;, , note that h, =h,, . We rewrite boundary

i
and initial conditions in terms of the above-mentioned moments for
each ply. Thus, we get coupled governing systems for the whole
structure in the projection of the structure. For each ply, beginning

with the first ply, we solve separately BVPs (IBVPs) for the gover-

ning systems, written with respect to U 'J.‘l , k=1,n, using, in addition

for k >1,results obtained for the previous ply. For another type of
hierarchical models (see [4]) we take (1), (2) for stresses and

) » -
uk(x,,%,, h, (x],xz),t):Z(il)'az(l+|Eju; (X, %,,1), k=2,n-1,(3)
1=0

for displacements. For the last ply k =n we employ (1) only for
stresses and (3). In the Nth approximation (hierarchical model,
N=0,1,...) we assume all the moments of order I>N equal zero. The
comparative analysis of these two type hierarchical models is carried
out.

Acknowlegment. The work was supported by the Shota Rustaveli
National Science Fuondation (SRNSF) grant # 30/28.
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ABOUT ONE VARIANT OF CONSTRUCTION OF
APPROXIMATE SOLUTIONS OF SOME BOUNDARY
VALUE PROBLEMS OF MATHEMATICAL PHYSICS

Roman Janjgava
Iv. Javakhishvili Thilisi State University, I.Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, roman.janjgava@gmail.com

In the report one way of construction the approximate solution of
some problems of mathematical physics is offered. By this way some
classical and nonlocal two-dimensional problems for Laplace's
equation, Helmholtz equation and the elasticity theory equations are
solved. The received results are compared to analytical solutions of
the corresponding tasks and solutions on the basis of a method of
fundamental solutions.

UNSTEADY SIMULTANEOUS ROTATION PROBLEM OF
THE INFINITE POROUS PLATE AND SURROUNDING
FLUID WITH ACCOUNT OF MAGNETIC FIELD AND HEAT
TRANSFER IN CASE OF VARIABLE ELECTRIC
CONDUCTIVITY AND INJECTION VELOCITY

L. Jikidze, V. Tsutskiridze
Georgian Technical University, Tbilisi, Georgia,
levanjikidze@yahoo.com, b.tsutskiridze@mail.ru

By means of the method of successive approximation there has
been studied the unsteady simultaneous rotation problem of the
infinite porous plate and surrounding conducting fluid with account
of magnetic field and heat transfer with variable electric conductivity

T S . T
o=0, l—T— and injection velocity v, =, l—T— .

o0 o0

For the determination of the thickness of the dynamic and
thermal boundary layers, differential equations are obtained and
written their exact solutions are written for the particular cases when

16


mailto:levanjikidze@yahoo.com
mailto:b.tsutskiridze@mail.ru

the injection velocity varies according to different laws and between
the thicknesses of a functional dependence of the form o5 (t) = y0(t).

All physical characteristics of the flow are calculated.
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CALCULATION OF REINFORCED CONCRETE THIN-
WALLED STRUCTURES

Revaz Kakhidze
Shota Rustaveli Batumi State University, Tbilisi, Georgia,
lali.tibua@mail.ru

The reinforced concrete compound rod — shell class that has an
intermediate place between rod structures and shell classes is
considered. Thus, at calculation of such structures the deformations
and stresses are taken into account that characterize the first, as well
as second class.
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For the analysis of mode of deformation of considered structure
as basis of calculation apparatus variation method of V. Vlasov [1] is
accepted together with iteration method and physical models of
reinforced concrete.

The essence of this variation method that is grounded on
Lagrange — Euler principle [2, 3] is characterized by the following
propositions:

— as unknown values are selected functions of displacement
that depend on two independent coordinates and that define the state
of point in body;

— the nature of displacements change related to one of
coordinates  will be preliminary defined grounded on certain
geometrical hypothesis;

— the thin-walled structures that have infinite large degrees of
freedom in-two directions, will be substituted by the design model,
that has the finite number of degree of freedom in one direction and
infinite large — in other direction .

The equations of general theory of shells will be reduced to
ordinary differential equations. Thus, the solution will be obtained by
reduction of a two-dimensional problem to a single-dimensional one.
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THE EXAMINATION OF RECTANGULAR IN PLAN
SHALLOW SHELLS AND PLATES AT SUPPORTS
SETLEMENT BY CONSIDERATION OF MATERIAL
CREEPING

Murad Kalabegashvili*, Demur Tabatatadze**, Kote lasvili***
* Georgian Technical University, Tbilisi, Georgia,
muradkalabegashvili@yahoo.com
** Georgian Technical University, Tbilisi, Georgia,
demuritabatadze@yahoo.com
*** Georgian Technical University, Tbilisi, Georgia,
demuritabatadze@yahoo.com

In designing building structures considerable attention is paid to
issue of consideration of joint behavior of structure and foundation.
Therefore it is interesting to study the influence that undergoes the
structure as a result of changes at soil properties. This would be
caused due to its wetting, seismic impact, and so on. The mentioned
factors lead changes in structure working conditions at operation that
would be expressed by the differential settlement of foundation. The
settlements cause a change of mode of deformation, location of
maximum stressed section and change of values of maximum
stresses and deformations. In addition, as issue contains the changing
in working conditions of structure under operation, it is necessary to
take into consideration the impact of time and environmental
conditions on the mechanical properties of material. The differential
settlement of foundation will be mentioned that they may have such
irregular character that it caused some difficulties in satisfying
boundary conditions.

The solutions of the system, analogous to that of Karmann-
Vlasov nonlinear differential equations are used. Due to the
application of Laplace transformations are plotted the creeping curve
expression of accordingly relaxation curve and grounded on it are
computed values of maximum bending moment at supports
settlements.

A simplified scheme of integrated version of linear method is
proposed. The corresponding algorithm and program are developed,

19


mailto:muradkalabegashvili@yahoo.com
mailto:demuritabatadze@yahoo.com
mailto:demuritabatadze@yahoo.com

on the basis of which the mode of deformation of rectangular plates,
cylindrical and double-curvature shells, settlement of structure sides
at different cases were investigated. The corresponding diagrams are
plotted.
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THE PLANE PROBLEM OF THE THEORY OF
ELASTICITY FOR A POLYGONAL DOMAIN
WITH A RECTILINEAR CUT

G. Kapanadze
Iv. Javakhishvili Thilisi State University, I.Vekua Institute of Applied
Mathematics, Tbilisi, Georgia

The plane problem of elasticity for a polygonal domain with a
rectilinear cut is considered under the condition that uniformly
distributed stretching forces or normal displacements i. e.,under the
conditions of the third modified problem of elasticity are prescribed
on the external boundary of the domain, while the cut edges are free
from external forces. For solving the problem, the methods of
conformal mappings and those of the boundary value problems of
analytic functions are wused. Solutions are given -effectively
(analytically).
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ON A METHOD FOR DETERMINING THE ELASTIC
EQULIBRIUM OF A CONFOCAL ELLIPTIC RING

Nuri Khomasuridze?, Natela Zirakashvili
Iv. Javakhishvili Thilisi State University, I.Vekua Institute of Applied
Mathematics, Thilisi, Georgia, natzira@yahoo.com

Using an analytical (precise) solution of the interior and exterior
boundary value problem of elasticity for an ellipse and its
corresponding exterior problem a solution of a boundary value
problem of elasticity is constructed for a confocal elliptic ring and its
parts.

PERTUBRATION OF THE ORTHOTROPIC HALF-PLANE
UNDER ACTION OF THE LOADING MOVING WITH
CONSTANT VELOCITY ALONG THE BOUNDARY

Gela Kipiani*, Marina Losaberidze**
*”Progress in education and Science”, Thilisi, Georgia, gelakip@gmail.com
**Georgian Technical University,
Mindeli Mining Mechanics Institute, Tbilisi, Georgia,
marinalosaberidze@rambler.ru

The boundary-contact problem of elasticity theory is considered,
in the case when on the orthotropic half-plane boundary of certain
shape move at a constant speed stamps.

The mentioned contact problem is reduced to a mixed type
boundary value problem of elasticity theory. Displacement vector
and stress tensor components are presented by two analytic
functions. For them the boundary conditions are written down, which
lead to the Dirichlet problem, whose solution obtained due to the
Schwartz integral. Analytically design formulae for stress and
displacement components are obtained and on time dependence
diagrams for the sum of normal stresses and shear stress modulus are
constructed (see Fig. 1, 2).
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Fig. 1. o,+ o,

Based on the analysis of obtained results it can be concluded that
the mode of deformation of an elastic orthotropic half-plane
essentially depends on the physic-mechanical properties, of a half-
space as well as configuration of moving at boundary stamps and
physic-mechanical properties. The obtained results would be used a
variety of structures that arise in contact area, as well as for studying
the stress state in the body itself and dynamic interaction processes in
the drilling machines and rock.

ON THE TERMOOSCILLATIONS OF BEFOREHAND
STRESSED SHELLS OF REVOLUTION, CLOSE BY THEIR
FORM TO CYLINDRICAL ONES, WITH AN ELASTIC
FILLER

S. Kukudzhanov
A. Razmadze Mathematical Institute
kotic13@mail.ru

We invesitigate the eigen oscillations of shells of revolution,
which by their form are close to cylindrical ones with an elastic filler
and under the action of normal pressure and heating. The shell is
assumed to be thin and elastic. The temperature is uniformly
distributed in the body of the shell. The light and sliding type filler is
considered. The filler is modeled by the Winkler’s base. The shells
of positive and negative Gaussian curvature are considered. In
dimensionless form we present formulas and universal curves of
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dependence of lowest frequencies and form of wave formation on
temperature, rigidity of an elastic filler, preliminary stresses, on sign
of Gaussian curvature and amplitude of a shell daviation from a
cylindrical form.

ON THE CONSTRUCTION OF THE ALGORITHM OF THE
NUMERICAL COMPUTATION FOR ONE-DIMENSIONAL
HIERARCHICAL MODEL OF CUSPED PRISMATIC
SHELLS

B. Maistrenko, J. Rogava, K. Shashiashvili.
Iv. Javakhishvili Thilisi State University, I.Vekua Institute of Applied
Mathematics, Thbilisi, Georgia, jemal.rogava@tsu.ge
We consider the following equation:
0

o%u ou
phl(x)?_&thl(x)a—xj+ f(x,t), (x,t)eQ, (1)

where Q; =]0,1[x]0,T], h,(x)=h,x*, h, >0, 0<a<1; pisa
positive constant; f(X,t) is a sufficiently smooth function.

The equation (1) represents the particular case of the initial
approximation for hierarchical models of cusped prismatic shells (see

[1]). It is obvious that due to the term h,(X) the given equation is

degenerate and this creates an obstacle for its numerical realization.
Rewrite the equation (1) in the following form

o’'u _ o’u ou
atZ = aXZ + JO(X)&-’_ hl I(X) f (X’t)9 (X7t) € QT ” (2)
where A,(X) = (0 _—
h(x) X

Let us pose the classical initial-boundary value problem for the
equation (2)
u(x,0) = ¢, (), U (x,0)= ¢ (x), 3)
u(0,t) = &, (1), ud,t)=a, (V. (4)
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We assume that the consistency conditions are valid
(9,(0) = 2((0), @, (1) = ,(1)).

We can solve the problem (2)-(4) by finite difference method,
however there is an important point, which should be taken into
account.

It concerns the degenerate term containing the first order
derivative. If we replace the first order derivative by the central
difference formula, which is the second order accuracy, then due
to degeneracy the one order will be lost in the neighborhood of
zero. Therefore it is desirable to use the finite difference formulas
of the third order of accuracy to approximate the first order
derivative. After taking into account this remark, we get the

following finite difference system of equations:
k+1

7Ui+] _(27/+p)uik+l+7uik—ﬁl = f~ik> i=1,...,n—1, (5)
i=1...,n-1, k=1,...,m,
where 7 =T /m is the time step and h=1/n - is the mesh size
(with respect to spatial variable), N >1 s M >1 are integers;
X; =1h and t, = k7 are grid points;

2
k+1 k+1 T
UO =a0(tk+l)’ un =a1(tk+1)’ yzwa

f = —2puf — w22 (2, 06)T + 07 () (%),
Wik = 7uik+1 _(27+P)Uik + 7uik—1 5

0 =i(—2ui{1 —3uf +6Uf, —uiﬁz), i=1...,n-2,
6h
a, = %(ur‘j_3 —6uf , +3u¥, +2u )

We solve the system (5) by factorization method. We note that
the stability conditions are fulfilled automatically.

The numerical computations based on the proposed algorithm
give sufficiently good approximations for the different model
problems.
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ALGORITHMS AND COMPUTER SOFTWARE FOR
DISCHARGE HYDRAULIC TRANSPORT SYSTEMS SAFE
OPERATION FOR DEFINITION OF OPTIMAL VALUES OF
MECHANICAL-PNEUMATIC DAMPERS OPERATIONAL
AND CONSTRUCTION PARAMETERS

L. Makharadze, M. Losaberidze, S. Steriakova
Mindeli Mining Mechanics Institute, Georgian Technical University,
Tbilisi, Georgia, marinalosaberidze@rambler.ru
marinalosaberidze@rambler.ru, marinalosaberidze@rambler.ru

In this talk we consider non-shallow spherical shells [1]. By
means of I. Vekua method a two-dimensional system of equations is
obtained. Using the method of the small parameter, approximate
solutions of I. Vekua’s equations is constructed. The small
parameter ¢ =h /R, where 2h is the thickness of the shell, R is the
radius of the sphere. Using complex analysis, a concrete problem has
been solved, when the components of the external force are
constants.
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ON THE REFINED THEORIES OF ELASTIC PLATES

Tamar Meunargia
Sokhumi State University
Thilisi, Georgia, tengiz.meunargia@yviam.sci.tsu.ge

In the present talk the solutions of the Kirsch’s type problems
are considered by means of different refined theories (E. Reissner,
A. Lourie, I. Vekua). The obtained results are compared with each
other.

ON THE NONLINEAR THEORY OF
NON-SHALLOW SHELLS
Tengiz Meunargia
I.Vekua Institute of Applied Mathematics of
Iv. Javakhishvili Thbilisi State University,
Thilisi, Georgia, tengiz.meunargia@viam.sci.tsu.ge

I. Vekua has suggested several methods for the construction of
the linear theory of shallow shells.

In this talk using Vekua’s reduction method the 2-D system of
equations for the nonlinear theory of non-shallow shells is obtained.
By means of the method of a small parameter for any approximations
of order N the complex representation of general solution is obta-
ined. For the approximations N =1,2,3 the general solutions are
written out in an explicit form and some boundary value problems
are also considered.
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THE MOVEMENT OF THE EARTH:
ANALYTICAL AND NUMERICAL SIMULATIONS

Wolfgang H. Miiller
Technische Universitit Berlin, Institut fiir Mechanik, LKM, Einsteinufer 5,
13591 Berlin, Germany, wolfgang.h.mueller@tu-berlin.de

Mechanical models describing the motion of the Earth’s axis,
i.e., its spin, nutation and its precession, have been presented for
more than 400 years. Newton himself treated the problem of the
precession of the Earth, a.k.a. the precession of the equinoxes, in
Liber III, Propositio XXXIX of his Principia [1]. He decomposes the
duration of the full precession into a part due to the Sun and another
part due to the Moon, to predict a total duration of ca. 26000 years.
This agrees fairly well with the experimentally observed value.
However, Newton does not really provide a concise rational
derivation of his result. This task was left to Chandrasekhar in
Chapter 26 of his annotations to Newton’s book [2]. He follows an
approach suggested by Scarborough [3] starting from Euler’s
equations for the gyroscope and calculating the torques due to the
Sun and to the Moon on a tilted spheroidal Earth. These differential
equations can be solved approximately in an analytic fashion,
yielding Newton’s result. However, they can also be treated
numerically using a Runge-Kutta approach allowing for a study of
their general non-linear behavior. This paper will show how and
explore the intricacies of the numerical solution. A comparison of the
actual to actual measurements will also be attempted.

When solving the Euler equations for the aforementioned case
numerically it turns out that besides the precessional movement of
the Earth’s axis there is also a nutation present. However, the period
of this nutation turns out to be roughly half a year with a very small
amplitude whereas the observed (main) nutational period is much
longer, namely roughly nineteen years, and much more intense
amplitude-wise. The reason for this discrepancy is based on the
assumption that the torques of both the Sun and the Moon are due to
gravitational actions within the equinoctial plane. Whilst this is true
for the Sue, the revolution of the Moon around the Earth occurs in a
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plane which is inclined by roughly 5° w.r.t. the equinoctial. If this is
taken into account the predicted nutation period will be of the order
of the observed value [4], [5]. As in the case of the precession we
will provide a stringent analysis based on a numerical solution of the
Euler equations, which is in contrast to Section 12.10 of [5].
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REGULARITY OF SOLUTIONS TO MIXED INTERFACE
CRACK PROBLEMS

David Natroshvili
[.Vekua Institute of Applied Mathematics,
Iv. Javakhishvili Thilisi State University
Department of Mathematics, Georgian Technical University
Tbilisi, Georgia, natrosh@hotmail.com

We investigate regularity properties of solutions to mixed
boundary value problems for the system of partial differential
equations associated with the theory of thermo-piezoelectricity
(thermo-electro-elasticity) of piecewise homogeneous anisotropic
elastic solid structures with interior and interface cracks. Using the
potential method and theory of pseudodifferential equations we
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prove the existence and uniqueness of solutions. The singularities
and asymptotic behaviour of the thermo-mechanical and electric
fields are analyzed near the crack edges and near the curves, where
different types of boundary conditions collide. In particular, for some
important classes of anisotropic media we derive explicit expressions
for the corresponding stress singularity exponents and demonstrate
their dependence on the material parameters. The questions related
to the so called oscillating singularities are analyzed in detail as well.
The contribution extends the results obtained in the reference
[1] to more complex problems.
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EQUIVALENT REPRESENTATION OF SOME BOUNDARY
VALUE PROBLEMS OF LINEAR ELASTICITY BY MEANS
OF SUPERPOSITION OF RELATIVELY SIMPLE
BOUNDARY VALUE PROBLEMS

G. Nozadze*, M. Losaberidze*, N. Khomasuridzet **,
* G. Tsulukidze Mining Institute, Tbilisi, Georgia
**]v. Javakhishvili Tbilisi State University, . Vekua Institute of
Applied Mathematics, Tbilisi, Georgia

As is known, the analytical solutions of boundary value prob-
lems of linear elasticity can not be obtained in the general formula-
tion of the problem. It should also be noted that in the linear theory
of elasticity a special class of boundary value problems can be
marked for which considered the boundary value problem can be
represented as the sum of several other equivalent boundary value
problems.

In this work, an example of a two-dimensional boundary
problem of linear elasticity is given, which shows the possibility of
presenting the considered problem of elasticity by using the sum of
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equivalent to other boundary problems. Necessary, to this end,
restrictions on boundary conditions of the original and auxiliary
problems are established.
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Fig. 1 Representation of two-dimensional boundary problem of linear
elasticity by using the sum of equivalent to other boundary problems.

ON THE NUMERICAL SOLUTION OF CONTACT
PROBLEM FOR POISSONS AND KIRCHHOFF EQUATION
SYSTEM

Archil Papukashvili, Jemal Rogava, Zurab Vashakidze
Iv. Javakhishvili Tbilisi State University
I.Vekua Institute of Applied Mathematics
& Faculty of Exact and Natural Sciences
apapukashvili@rambler.ru, archil.papukashvili@tsu.ge,
jemal.rogava@tsu.ge, zurab.vashakidze@gmail.com

As is known, definition of the stressed-deformed condition for
designs having difficult geometry is an actual problem. Constuction,
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research and computer realization of corresponding algorithms of
numerical calculations are also actual.

In this paper some “bridge-form” multystructures studied (see
Fig.1) having complicated geometry stress-deformed state.
Particularly the boundary-contacted problem is considered. Two
rectangle form membranes are united by a string; We consider
classic linear boundary problems for membranes (Poissons equation),
but for string nonlinear Kirchhoff type integro-differential equation
(see, for example [1], [2]).

Numerical methods (finite-difference methods) for studying the
above — stated multistructural is stressed — deformed condition are
used. Direct numerical methods are used for finding the function of a
bend in central points, and the iterative method is applied to
definition of numerical values of function of a bend of a string for
the approached decision of nonlinear equation of Kirchhoff type.

The account program in MATLAB is created and numerical
experiments are made.

Acknowlegment. The designated protect has been fulfilled by
financial support of the Rustaveli Science Foundation (Grant
project # 30/28).
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SOME ISSUES OF MODELING AND CALCULATION OF
CABLE-ROD STRUCTURES

D. Pataraia, E. Tsotseria, A. Kartvelishvili, R. Maisuradze
G. Tsulukidze Mining Institute

Some actual issues of modeling and calculation of cable-rod
structure is considered on the basis of a discrete model. Particularly:
calculation of a rod, mounted by both sides in a rack shaped mode
located in the gravity field. For the purpose of checking the
reliability of the results this task has been solved using the standard
software (LIRA 9.6) based on the method of finite element.

Besides the above mentioned task, on the basis of both
approaches the complicated real cable-rod structure — cable
suspended bridge has been studied and calculated (see drawing).
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The results of conducted researches as well as the checking of these
results on the laboratory stand give the basis to conclude, that the
proposed approach is competitive and perspective while modeling
and calculating complicated cable-rod objects.
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THE ERROR OF A SOLUTION OF A NONLINEAR STATIC
BEAM PROBLEM

Jemal Peradze
Iv. Javakhishvili Thbilisi State University, Georgian Technical University,

Thilisi, Georgia, j_peradze@yahoo.com

Let us consider the nonlinear differential equation

L
u™ (x) - m(ju'z(x) deu"(x) = f(x), (1)
0
O<x<lL, m(A) > const >0, 0< A<,
with the boundary conditions
u)=u(L)=0,  u"(0)=u"(L)=0. Q)

Equation (1) is the stationary problem associated with the
L
equation Uy + U, _[Co +C J‘O u; dxjuXX =0, which was proposed

by Woinowsky-Krieger as a model for the deflection of an extensible
dynamic beam.

For the solution of problem (1), (2), existence of which is
shown, a numerical algorithm is constructed. To solve the system of
nonlinear equations obtained as a result of the application of the
Galerkin method we use the Newton iteration process. A theorem of
the algorithm total error is proved.

Besides we consider more general than (1) beam equation
L

uiV(x)—m[Iu’z(x) dx]u"(x)z f(x,u), 3)
0
0<x<L, m(A) > const >0, 0<A<oo.

Problem (3), (2) is reduced to an equivalent nonlinear integral
equation which is solved by the iteration method. The convergence
of the iteration method is established and the error estimate is
obtained.
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ON THE INSTABILITY AND TRANSITION TO
TURBULENCE OF FLOWS BETWEEN PERMEABLE
CYLINDERS

Luiza Shapakidze
A. Razmadze Mathematical Institute
of Iv. Javakhishvili Tbilisi State University

In connection with the filtration problems in this report the
author presents investigations of some concrete problems of the
theory of hydrodynamic stability which are closely related to
turbulence.

Namely,

(a) For permeable cylinders, it is stated that the main stationary
flow after the loss of stability is replaced by a new stationary or
oscillatory time-dependent flow. Instability and transition to more
complicated regimes are investigated.

(b) Instability and chaotic regimes, arising after the loss of
stability of a viscous heat-conducting flow, between the rotating
permeable cylinders heated up to different temperatures are
investigated. The sufficient conditions for stationary bifurcation are
found.

(c) The questions connected with the flow stability between
porous cylinders are considered in the case, where the flow is under
the action of radial and transversal pressure. The quasi-periodic
flows arising after successive bifurcation of the main flow are
studied.

(d) Secondary flows and their bifurcations are investigated when
the flow between the permeable cylinders is under the action of
radial and axial pressure gradients.
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THE SOLUTION OF CONTACT PROBLEMS OF
VISCOELASTICITY FOR PLATES WITH ELASTIC
INCLUSION

Nugzar Shavlakadze
Iv. Javakhishvili Tbilisi Shtate Universit Razmadze Mathematical
Institute, Tamarashvili St.6, Tbilisi, Georgia, nusha@rmi.ge

The effective solutions are constructed for integro-differential
equations related to the contact problems of viscoelasticity about
interaction of an elastic thin finite inclusion with the plane, when the
inclusion and plane materials possess the creep property. If the
geometric parameter of the inclusion is changed along its length
according to the parabolic and linear law we can manage to
investigate the obtained boundary value problems of the theory of
analytic functions, to get exact solutions and to establish behavior of
unknown contact stresses at the ends of elastic inclusion.

SOLUTION OF BVPs IN THE FULL COUPLED THEORY OF
ELASTICITY FOR A SPHERE WITH DOUBLE POROSITY

Ivane Tsagareli, lamara Bitsadze
Iv. Javakhishvili Thilisi State University, I.Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, i.tsagareli@yahoo.com,
lamarabitsadze@yahoo.com

The purpose of this talk is to consider the three-dimensional
version of the full coupled theory of elasticity for solids with double
porosity [1] and to solve explicitly the Dirichlet and Neumann BVPs
of statics in the full coupled theory for a sphere and for an elastic
space with spherical cavity. The explicit solutions of these BVPs are
represented by means of absolutely and uniformly convergent series.
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AN ERROR OF THE ITERATION METHOD FOR A BALL
NONHOMOGENEOUS BEAM EQUATION

Zviad Tsiklauri
Georgian Technical University, Tbilisi, Georgia
zviad_tsiklauri@yahoo.com

We consider the initial boundary value problem for nonlinear
integro-differential equation describing dynamic behavior of a

beam [1]
Uy (X, 1) + SU (X, 1) + 7U, 0 (X, 1) + U, (X, 1) —

—[ﬂ + pJL-uf (X,1) dx]uxx(x,t) - aqu(x,t)uxt(x,t) dx]uxx(x,t) =

=f(xt), O<x<L, O0<t<T, (1)
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u(x,0)=u"(x), U (x,0)=u'(x), @)
u(0,t)=u(L,t)=0, u,(0,t)=u,(L,t)=0,
where a, 7, p, o, f and ¢ are the given constants, among which the

first four are positive numbers, while u°(x) and u'(x) are

sufficiently smooth given functions.

Using a projection method and a symmetric difference scheme,
the solution is approximated with respect to a spatial and a time
variable. Thus the problem is reduced to a system of nonlinear
discrete equations which is solved by the iteration method. The
convergence of the iteration process is proved.

The particular case of problem (1), (2) was stated in [2].
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ON THE APPLICATION OF COMPLEX AND NUMERICAL
ANALYSES FOR SOME MODELS CORRESPONDING TO
KARMAN TYPE REFINED THEORIES

Tamaz Vashakmadze
Iv. Javakhishvili Thilisi State University, . Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, tamazvashakmadze@gmail.com

In this talk we consider 2Dim mathematical models,
corresponding to the 3Dim non-linear theory of elasticity for
anisotropic thin-walled structures. The boundary value problems for
von Karman type systems of 2Dim partial integro-differential
equations with Monge-Ampere operators and Poisson brackets
represent e.g. the same models. An attempt of applying some
schemes of the theory of analytical and generalized analytical
functions and projective methods will be given.
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