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GENERAL CHARACTERISTICS OF THE WORK
Rationale of the topic. Cylindrical structures in hydrotechnical
construction are widely used of water lines, oil and gas pipelines, in
construction of sewerage systems. The fluid flowing through oil
pipelines and sewerage pipes contains many mixtures which causes
forming some layer on the pipe walls because of crystallization. Over
time, the thickness of this layer increases and as a result , the pipeline
capacity decreases and at the same time, as our Republic is located in
the seismic active zone, it disables the pipes. In operating mode, such
pipes are in contact with various media. To increase the operating
ability of such pipes, they are stiffened with ribs. Therefore, the
study of dynamical hardness features of stiffened cylindrical shells
contacting with fluid and solid media is of great importance. Since
this dissertation work was devoted to one of the dynamical rigidity of
an anisotropic (orthotropic) cylindrical shells with a channel medium
and stiffened with ribs, to finding natural vibrations frequency under
the influence of a force harmonically changing in time and to choice
of optimal various of the construction, is very urgent.
Note that under optimal variant of the hydrotechnical
construction, we understand the choice of a construction whose
weight and cost are low and whose strength meets the requirements
of practice. When we say a cylindrical shell stiffened with ribs, we
mean combination of mutually deformed cylindrical shell and onedimensional ribs.
I.Amirov, J.Agalarov, R.Bergman, R.Amenzade, F.Latifov,
R.Iskenderov,
M.Mekhtiyev,
A.Seyfullayev,
M.Akhundov,
A.Alizade, Y.Sevdimaliyev, Z.Musayev had great services in
studying dynamical rigidity characteristics of cylindrical shell
dynamical contacting with medium.
The objective of the find on of the rigidity characteristics of
cylindrical shells dynamically contacting with ideal or viscous fluid
flowing medium and stiffened with ribs, the natural vibrations
frequency, to study the influence of mechanical and physical
parameters characterizing the system on these frequencies, to study
forced vibrations of a cylindrical shell under the influence of forces
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harmonically changing in time, to choose optimal variant of the
construction due to natural vibrations frequency.
The results obtained in the dissertation work can be
recommended for safe transportation of composite pipes used in
water pipelines and for long-term operation of oil pipelines used for
safe transportation at viscous oil products.
Researches methods.The Hamilton-Ostrogradsky variational
principles the system of equations of motion in displacements of
elasticity theory, Navier-Stocks vectorial equation that expresses the
motion of viscous-elastic fluid and the methods of theory of partial
differential equations.
The main theses to be defended:
• The study of vibrations of stiffened cylindrical shells located in
seismic active zone with regard to influence of crystallization formed
in sewerage pipelines and influence of ideal fluid, including:
• the study of stiffened cylindrical shells located in a seismic active
zone, with regard to crystallization and influence of viscous-elastic
fluid;
• To choose an optimal variant of the amount of ribs used in
stiffening.
Scientific novelty of the research is that for the first time:
1. Physical and mathematical model of the problem was built for
finding natural vibrations frequency of cylindrical pipes dynamically
contacting with medium with ideal and viscous fluid flowing
channel.
2. Based on the structured model and application of HamiltonOstrogradsky variational principle, natural vibrations frequency of
the studied system were found, the influence of mechanical and
physical parameters characterizing the system on these frequencies
was studied.
3. Forced vibrations of a cylindrical shell under the influence of a
force harmonically changing in time were studied an analytic
expression for the displacements of the points of an orthotropic
cylindrical shell was obtained.
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4. Optimal variant of the hydrotechnical construction and its
elements was chosen according to the found natural vibration
frequencies.
Calculation accuracy. In solving the stated problem the
Hamilton-Ostrogradsky variational principle, a system of equations
of motion in displacemenets of elasticity theory, the equation of
motion written by means of the potential of ideal fluid, the NavierStocks vectorial equation expressing the motion of viscous-elastic
fluid were used. In the calculation process, the properties of the
Bessel function it is based on its use.
Theoretical and practical importance of the study. The
results obtained in the dissertation work can be used in studying
stress-strain state of water pipelines strengthened with ribs,
canalization pipes, constructions and structural elements used in
industry and civil construction, in finding one of the dynamical
rigidity characteristics, natural vibrations frequency and in choosing
an optimal variant of a construction. It should be noted that
optimization problems considered in the work and also appropriate
results were published in scientific publications. Therefore the it is
publicly available for application. The results obtained in the
dissertation work were used for designing and calculation of stability
of a transmission metal pipeline stiffened with rings on the
Takhtakorpu-Jeyranbatan canal (specifically, in the connecting part
of Takhtakorpu water dam and the canal) and the economic
efficiency received and expected during application in practice and is
5-7% of the cost of material spent on each unit length of the
construction and the cost of installation.
Approbation of the scientific work.
The main scientific statements and results of the scientific
work were regularly discussed and liked at scientific conferences and
seminars: At the seminars of “Theoretical and construction
mechanics”, “Resistance of materials”, “Construction structures”,
“Higher mathematics”, “Foundations, jackets and underground
installations” department of Azerbaijan University of Architecture
and Construction (2012-2019), at the department of “Theoretical and
continuum mechanics” (2018), at the department of BSU (20195

2021), at the “Scientific practical conference: Technical-Economical
problems of the use of modern aerated concrete blocks” (Baku 2016),
at the XX Republican conference of the Ministry of Education, of
doctoral students and young researchers (Baku 2016, 2017), at the IV
International practical scientific conference Azerbaijan-Ukraine
(Poltava 2021).
Author's personal contribution. The stated scientific
problems and the main scientific results obtained in the work were
directly obtained by the author. Scientific results of the carried out
studies, papers and conference materials were discussed with the
supervisor and coauthors. Main goals of the study and the problems
stated to achieve them were shown and discussed.
Publications. 14 scientific works on the results of studies
reflecting the content of the dissertation work were published in
republican and foreign scientific-technical editions.
The name of the institution where the dissertation work
was performed. The dissertation work was performed at the
department of “Melioration and water management construction of
Azerbaijan University of Architecture and Construction.
The structure and volume of the dissertation work (in
signs, indicating the volume of each structural subsection
separately). The dissertation work consists of 146 pages
(introduction 7 pages, chapter I-15 pages, chapter II -50 pages,
chapter III -50pages, conclusion 2 pages, the list of used references
18 pages), 6 figures, 50 graphs. The total volume of the dissertation
work consists of 247579 signs (title page -384 signs, contents - 3693
signs, introduction – 11517 signs, chapter I – 30000 signs, chapter II
– 100000 signs, chapter III–100000 signs, conclusion –1985 signs).
The list of references consists of 106 names.
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BRIEF CONTENT OF THE DISSERTATION WORK
In introduction, the rationale of the work is justified, the goal of
the work, research methods, scientific novelties, the theses to be
defended, theoretical-practical importance of the work, brief content of
separate chapters of the dissertation work are commented.
In chapter I a brief review of works related to the calculation of
anisotropic cylindrical shells stiffened with medium contacting ribs.
The chapter consists of 3 sections.
In sections 1 a brief review of works related to vibrations of a
system of gas-solid medium - smooth cylindrical shell. In these works,
natural vibrations of an absolutely rigid cylindrical shell with an
internal canal and interacting with a medium with a gas-filled canal
and in the carried out studies the lateral-radial vibrations of a
cylindrical shell were considered, and frequency equation was
obtained and was thoroughly researched. The roots of the equation
obtained for various values of the wave number in circular direction
were determined. Dynamical features of the considered constructions
are that on one hand, small vibrations frequencies of the system may
be lower than, partial frequency of the shell.
On the other hand, high frequencies may be of interest in practice
(for example, auto vibrations of gas in the channel). Therefore, it is not
enough to find vibrations frequencies of the shell taking into account
only the influence of medium. In the considered works, free vibrations
of a medium-contacting cylindrical shell with gas-filled channel are
considered. It was shown that the natural vibration frequencies of the
system is close to partial frequencies of continuum (under partial
frequencies we mean frequencies obtained in the absence of gas),
when the medium is absolutely rigid is close to frequencies of gas and
shell.
In section 2 a brief review of works related to vibrations of a
stiffened isotropic cylindrical shell contacting with solid and liquid
medium. In the carried out investigation works, natural vibrations
frequency of a cylindrical shell stiffened with regularly distributed
ribs, contacting with two-phase fluids in motion and at rest and under
the influence of medium parameters, amount of ribs, acting
compressive force, of flow rate were studied, by means of the
7

introduced relative efficiency parameter, the sizes of the cylindrical
shell and efficient variant of the amount of ribs was chosen.
Three forms of the fluid motion were considered:
1) motionless fluid;
2) fluid moving at constant speed;
3) two-phase fluid.
In these three cases, by using the Hamilton-Ostrogradsky
variation principle, for calculating natural vibrations frequencies of the
construction, the frequency equations were written and its roots were
implemented by the numerical method. In each of the cases under
consideration, frequency equations were written and based on
geometrical, mechanical, physical parameters characterizing the
construction and were solved by using the expression of logarithmic
derivative of the Bessel function. The problem was studied in
asymmetric and axially-symmetric cases. The influence of
compression degree of fluid on axially-symmetric vibration process of
the system was determined. Asymptotic expressions were obtained to
find natural vibrations frequency of the system under consideration.
In section 3, a brief review of works related to vibrations of a
stiffened anisotropic cylindrical works were devoted to finding free
vibrations of frequencies of the system consisting of anisotropic
cylindrical shell under the influence of compressive force, contacting
with solid medium, stiffened by means of rods and rings, with friction
forces taken into account on tangential surface, to chosing efficient
variant of the system by means of the found frequencies.
Using the system of equations of motion written in displacement
of elasticity theory, the properties of the Bessel function, applying the
Hamilton-Ostrogradsky variation principle, free vibrations of the
system were studied with taking into account contact conditions on the
surfaces of contact with solid medium of an anisotropic cylindrical
shell stiffened with discretely located ribs, vibration frequencies were
calculated and based on these frequencies mathematical and physical
model of the problem was composed to choose an efficient variant of
the parameters of an anisotropic cylindrical shell.
Three cases of stiffening an anisotropic cylindrical shell were
considered: 1) by the rods stiffened in the direction of the generatrix;
8

2) by the rings stiffened in the plane perpendicular to the axis; 3) by
rings and rods forming an orthogonal network. In each of these cases
an equation for calculating vibrations frequencies of the system under
consideration was written, and its roots were calculated. When
studying vibrations of an anisotropic cylindrical shell with taking into
account frictional forces on the contact surface with solid medium, two
cases were considered: a) inertia effect of solid medium of vibration
process is ignored; b) the inertia effect of the solid medium on
vibration process is taken into account. Vibrations frequencies for both
cases were found and their comparison was given.
Chapter II consists 6 sections. In the first section the statement of
the problem on natural and forced vibrations of an orthotropic
cylindrical shell with an inner channel stiffened with ribs and
contacting with stiffened with ribs and contacting with a flowing fluid
channel medium was given. Under a cylindrical shell stiffened with
rods we understand a system consisting of an orthotropic cylindrical
shell and rigidly built-in along coordinate line (fig. 1)

Fig.1. An anisotropic stiffened cylindrical shell contacting
with a medium with ideal fluid flowing channel.
İt is considered that the coordinate axes coincide with principal
curvature lines and these rods are in rigid contact with the shell along
these lines. It is assumed that the stress-strain state of the cylindrical
shell are completely determined by the equations of linear theory of
shells based on Kirchhoff-Liav conjecture. In calculation of rods, the
equations based on Kirchhoff-Klebsh theory for straight axis rods.
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Using the Hamilton- Ostrogradsky variational principle, we obtain the
system of main equations of the noted system:
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,
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,
are main elasticity module of appropriate
orthotropic material, in the direction of coordinate axes, the Young
9, 8
9 are expressed by the Poisson ratio : , : as follows:
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1 : :
1 : :
: 8;
: 8;
;
1 : :
1 : :
The system of motion equations of the medium formed from
crystallization are written in cylindrical coordinates as follows:
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The motion of fluid moving with speed U with respect to the
potential ϕ% is in the following form:
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The contact conditions are added to the systems (1), (2) and
the equation (3). A rigid contact between the solid medium and a shell
is considered. In this case, the contact conditions are as follows:
Equality of displacements
C
, CE N, CF
?
4
Equality of pressure forces
PF , Q
PFQ , F
PFF
?
5
In the contact surface a medium-fluid, equality of speed and
pressure in the direction of normal is satisfied:
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+ is the radius of the mediums channel.
To the contact conditions (4)-(7) we add the following boundary
conditions. It is assumed that the cylindrical shell was hingely
`a
the
supported as the edges, i.e. in the
0 and
conditions
0, b
c
0
8
for the medium,
P
0, CE CF 0
9
are satisfied.
If to the expression of 6 contained in the equation (1) we add
the force
kl
Cji@
10
I
6f ghCi Cji \
Z

acting on the external surface of the cylinder, we obtain an
equation for forced vibrations of an orthotropic cylindrical shell
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contacting with crystal medium and with a fluid flowing inner channel
stiffened with ribs.
Thus, the study of forced and natural vibrations of a
construction consisting of a solid medium with a channel in the
interior domain and a cylindrical shell with ideal fluid flowing channel
is reduced to joint integration of cylindrical shell (1), the system of
motion equations (2), ideal fluid equation (3), within the contact (4)(7) and boundary conditions (8), (9)1.
In section 2, free vibrations of an orthotropic cylindrical shell
with inner channel stiffened with ribs regularly located along the
generatrix and contacting with a medium with a flowing fluid channel.
Two cases of inertia effect to vibrations of the mediummwere
considered:
a) Inertia effect of medium us weak to vibration process;
b) Inertia effect to the vibration of the medium can not be
neglected.
We look for the solutions of the shell in the following form.
mcosi cosq sin@ ; N tsini sinq sin@ ;
11
ucosi sinq sin@ ;
Here m, t, u are unknown constants. Using the contact conditions,
the solutions of the system of motion equations of solid medium and
motion equations of fluid, in the case (a) the following frequency
equation was obtained:
dety+z{ y 0,
j, | 1,2,3
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Məmmədrzayeva, F.T. Qabıqlarla möhkəmləndirilmiş daxili kanalı olan və
kanalında maye hərəkət edən mühitlə təmasda olan ortotrop silindrik qabığın
sərbəst rəqsləri // - Bakı: Nəzəri və tətbiqi mexanika 1, Ali məktəblərarası elmitexniki jurnal, - 2015. №1, - s. 111-118.
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The equation (12) was studied by the numerical method. The
following estimates were taken for the parameters:
8 8
6.67 ∙ 10Œ •a~ ; Ž 0.3; q 1; i 8;
1.39 ~~;
160 ~~;
„
`
800 ~~;
0.01591;
2•
•#
0.8289 ∙ 10‘ ;
0.45 ~~; ’
4;
2•
•“”.
0.5305 ∙ 10‘ ; | | 0.1375 ∙ 10‘ ;
2•
+• 2.25+Y ; +Y 308 ~⁄C
The results of calculations were given in graphs 1, in form of
dependence of natural vibrations of the system on the channel radius,
in graph 2, in the form of dependence of natural vibrations frequency
of the system on the fluid density. As can be seen from graph 1 with
strengthening the channel radius, orthotropy feature of the cylindrical
shell, natural vibrations frequency of the system increases. Graph 2
shows that with increasing the fluid density, natural vibrations
frequency of the system decreases.
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Graph 1. Dependence of natural vibrations
frequencies of the system on the radius
of the medium channel.

Graph 2. Dependence of natural vibrations
frequencies of the system
on fluid density.
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Using contact conditions, the solutions of the system of motion
equation of the medium and motion equation of fluid, the frequency
equation was obtained1 in the case a)
dety}Hz{ y 0,
j, | 1,2,3
13
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Different the (12) equation, is a transendent equation based on an
unknown frequency the equation (13).
Equation (13) was studied by the numerical method. The results
of calculations were given in graph 3 in the form of dependence of
natural vibrations frequencies of the system on the channel radius, in
graph 4 in the form of dependence of natural vibrations frequencies on
1

Məmmədrzayeva, F.T. Özlü maye və qruntla təmasda olan doğuranı qabırğalarla
möhkəmləndirilmiş ortotrop silindrik qabığın sərbəst rəqsləri // - Bakı: Nəzəri və
tətbiqi mexanika 1, Ali məktəblərarası elmi-texniki jurnal, - 2017. - №3-4, -s.4552.
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the fluid density for various ratios of elasticity constants of the
material of the cylindrical shell. As can be seen from graph 3,
strengthening the channel radius, orthotropic features of the cylindrical
shell, natural vibrations frequencies of the system increases. Graph 4
shows that with increasing the fluid density, natural vibrations
frequencies of the system decreases. Taking into account the inertia
effect of the medium decreases natural vibrations frequencies of the
system compared to the case when the inertia effect is ignored. The
similar problem was solved in sections 3 for an orthotropic cylindrical
shell with an inner channel strengthened with rings and contacting
with a medium with ideal fluid flowing channel, in section 4 for an
orthotropic cylindrical shell with inner channel stiffened with crossed
system of ribs and contacting with medium with ideal fluid flowing
channel1.

Graph 3. Dependence of natural vibrations
frequencies of the system on the medium channel.

1

Маммедрзаева, Ф.Т. Вынужденные колебания подкрепленной продольными
ребрами ортотропной цилиндрической оболочки с твердой и жидкой средой
// - Bakı: Azərbaycan Respublikası Təhsil Nazirliyi, Doktorantların və gənc
tədqiqaçıların XXI, Respublika elmi konfransının materialları , 2017, - s. 277-280
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Graph 4. Dependence of natural vibrations
frequencies of the system on fluid density.
In graphs 3 and 4, the case when inertia effect is taken into
account corresponds to the curves indicated by broken lines
corresponding to various values of elasticity constants.
In section 5, an optimization problem was solved for an
orthotropic cylindrical shell stiffened with a crossed system of ribs
and contacting with a medium with inner channel and ideal fluid
flowing in this channel. As a relative efficiency coefficient or
optimization parameter >, the ratio of the square of minimum natural
vibrations frequency of a stiffened cylindrical shell contacting with a
solid medium with a channel with flowing fluid to the square of
minimum natural vibrations frequency of a smooth cylindrical shell
contacting with the solid medium with the same weight of channel
with following fluid was accepted:
@kz†
>
@Ikz†
When this ratio accepts a maximum value, the sizes and
material of the shell is considered as optimal. To choose an optimal
shell, the following parameters were varied in different forms.
17

Relative thickness of the shell:

∗

The ratio of distances between the longitudinal and lateral ribs to
the shell thickness:
2•
`
+
, +
;
’
1
’
Furthermore, it is supposed that the radius, length, the form of the
cross-section of the rods are known beforehand. The optimization
problem is reduced to finding maximum value of the quantity @1 for
different values of the ∗ , + , + , A › , A › . The optimization parameter µ
can be calculated by the found frequency parameter @1 The
dependence of optimization parameter µ for various A › ; A › on A ›
was given in graph 5. The ratio of the weight of longitudinal ribs to
the weight lateral ribs is A › ; the ratio of total weight of ribs to the
shell weight is A › .
The results of calculations show that the value µmax=18,75
corresponds to the optimal variant.
As can be seen from the graph, with increasing A › the relative
efficiency coefficient µ increases and takes its maximum value, and
then again decreases and A › that corresponds to the maximum of this
parameter differs slightly from one. This shows that when the weight
of ribs approximately equal the weight of shells, stiffening of the shell
is convenientAccording to calculations this result is true for stiffening
with ribs forming a rather hight network. For small values of A › the
coefficient µ takes a minimum value less than one and this shows that
itis not efficient to stiffen a cylindrical shell with very weak ribs.
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Graph 5. Dependence of the relative
efficiency coefficient µ on the weight A › of rods.
Chapter III consists of six sections. The statement of the
problem of axially symmetric forced and natural vibrations of an
orthotropic cylindrical shell with internal channel stiffened with ribs
and contacting with a medium with fluid flowing channel was given in
section 1.
The motion of viscous fluid is determined by the Navier-Stocks
equation:
••ž
Vœ
I VY

Ÿ?+ ^

¡

¢£ U∗€

?+

V”
VY

>¤ ž

(14)

Here > is a dynamic viscosity factor, ^ is pressure of fluid
at any point, I is fluid density, +∗ speed of sound propagation in
fluid, ¤ is a Laplas operator, ž¥ , # , 6 ¦ is a speed vector of any
point of fluid1.

1

Məmmədrzayeva, F.T. Qabırğalarla möhkəmləndirilmiş daxili kanalı olan və
kanalında özlü-maye hərəkət edən mühitlə təmasda olan ortotrop silindrik qabığın
oxasimmetrik məcburi rəqsləri // - Bakı: Azərbaycan Xalq cümhuriyyətinin
yaranmasının 100-illiyinə həsr olunmuş professor-müəllim heyətinin,
doktorantların və Gənc tədqiqatçıların beynəlxalq elmi konfransının materialları,
2018, - s. 117-118
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Fig. 2. A stiffened orthotropic cylindrical shell contacting with
a medium with viscous fluid in the channel.
To the systems (1), (2), (14) we add contact and boundary
conditions. In the boundary of solid medium and viscous fluid the
following conditions are satisfied ? + :
C
CF
,
15
F
PF ,
^
16
6
We consider a rigid contact between the solid medium and a
cylindrical shell. In this case, the contact conditions consist of the
following ?
:
Equality of displacements:
C
,
CF
17
Equality of pressure forces:
PF ,
PFF
18
F
Using contact conditions, the solutions of the system of motion
equations of the system and the equation motion of fluid, in the case
(b) a frequency equation was obtained:
dety§z{ y 0,
j, | 1,2.
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The equation (19) is a quadratic equation with respect to
1 ^
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We can easily find the roots of the equation (20):
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2
The roots of the equation (20) were calculated by the numerical
method and a small root- was taken. The results of calculations were
given in graph 6 in the form of dependence of natural vibrations of the
system on the channel radius, and in fig.7 in the form of dependence
of natural vibrations frequency of the system on fluid density for
various ratios of elasticity constants of the material of the cylindrical
shell. Note that u to be overlooked is the conflict that alcohol abuse
can unlike ideal fluid case, in the case of viscous fluid the frequency
@ is a complex number, so that its real part expresses vibration
frequencies, the imaginary part expresses the damping of vibrations in
time. As can be seen from graph 6, with increasing the channel radius,
the orthotropic properties of the cylindrical shell, natural vibrations
frequencies of the system increase. Graph 7 shows that with
increasing the fluid density, natural vibrations frequencies of the
system decrease. In all the graphs, the results related to viscous fluid
were marked by broken lines related to fluid by solid lines. As can be
seen from graphs, taking into account the fluid viscosity causes
21

decrease in natural vibrations frequenceis of the system compared to
frequencies obtained in the case of ideal fluid.

Graph 6. Dependence of natural vibrations frequencies of the
system on the radius of the medium channel

Graph 7. Dependence of natural vibrations frequencies of the
system on fluid density.
The similar problem was solved in section 3 for an orthotropic
cylindrical shell with inner channel stiffened with rings and contacting
with a medium with fluid flowing channel, in section 4 for an
22

orthotropic cylindrical shell with inner channel stiffened with crossed
ribs and interacting with medium with viscous fluid flowing channel.
In section 5, an optimization problem was solved for an
orthotropic cylindrical shell with an inner channel stiffened with ribs
and contacting with medium with viscous fluid flowing channel.
Section 6 considers forced vibrations occurring on the surface of
a cylindrical orthotropic shell with inner channel stiffened with ribs
and contacting with viscous fluid flowing medium under the action of
harmonically changing force.
Analytic expressions for the displacement of the points of an
orthotropic cylindrical shell were obtained, numerically calculated and
characteristic curves were built.
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1.
2.
3.

4.

5.
6.
7.
8.

Main results of the study
With increasing orthotropic properties of a cylindrical shell,
natural vibrations frequencies of the system increase.
With increasing the fluid density natural vibrations frequencies
of the system decrease.
Taking into account the inertia effect of the medium, decreases
natural vibrations frequencies of the system compared to the
case when inertia effect if ignored.
Taking into account viscosity of fluid causes decrease in
natural vibrations frequencies of the system compared to the
frequencies obtained to the case of ideal fluid.
With increasing the channel radius, with decreasing the ratio

¯Z
¯€

curvature of the cylindrical shell increases.
With increasing fluid density, the curvature of the cylindrical
shell decreases.
Taking into account inertia effect of medium, causes increase
in radial displacements of the shell.
When the weight of ribs is approximately equals the weight of
the shell, the stiffening of the shell is favorable.
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