BUILDING STRUCTURES

UDC 624.9 DOI: 10.31650/2786-6696-2024-10-17-26

THE IMPACT OF CHANGING THE TYPE OF CROSS-SECTION OF COLUMNS OF
FRAME BUILDINGS

Volkova V., Dr. Sci. (Tech), Professor,

Dnipro State Agrarian and Economic University,

National University "Zaporizhzhia Polytechnic™"

Ukrainian State University of Science and Technologies Educational and Scientific Institute
"Prydniprovska State Academy of Civil Engineering & Architecture™

drvevO9@gmail.com, ORCID: 0000-0002-1883-1385

25 Serhiy Yefremov Street, Dnipro, 49000, Ukraine

Kovrova V., graduate student,

Ukrainian State University of Science and Technologies Educational and Scientific Institute
"Prydniprovska State Academy of Civil Engineering & Architecture”
kovrovaviktorila@gmail.com, ORCID: 0009-0001-7733-7395

24A Architect Oleh Petrova Street, Dnipro, 49000, Ukraine

Abstract. Nowadays, the construction of multi-storey buildings is becoming increasingly
important, leading to an increasing building density and the development of transport infrastructure.
Recently, the volume of construction in areas exposed to vibrations of various nature has been
steadily increasing. Constant impact of vibrations caused by external factors, such as traffic flows or
industrial plants, on buildings can cause significant displacements of structural elements and
increase noise levels, which is an additional negative effect on the safe operation of the building.
Thus, the problem of controlling the impact of these vibrations on the reliability and durability of a
building is becoming increasingly important.

Reducing the impact of frequencies on the structural characteristics of structures and on the
normal functioning of the human body is implemented by vibration isolation of buildings and
structural monitoring systems. However, the effect of changing the cross-sections of structural
elements has not been fully investigated.

The aim of this work is to find rational cross-sectional shapes of columns in terms of material
consumption and suitability for normal exploitation of multi-storey reinforced concrete frame buildings.

To analyse the effect of changing the cross-section of the columns, 3 variants of the column
cross-section were developed, in which the shapes and geometric dimensions were changed. The
geometric characteristics of the cross-sections were calculated using the Arbat software, and the
modal analysis was performed using the SCAD software package.

As a result of the calculation, the interaction curves were obtained, which limit the area of the
section's bearing capacity under the action of forces that can be applied to the section under analysis. In
particular, the natural frequencies and shapes of vibrations were obtained, and the cross-sections of the
columns were estimated by their area and moments of inertia. The changes in the type of column cross-
section did not significantly affect the level of vibration frequencies of the building. However, it did
change the material consumption and weight of the building by 24%, meaning that the values of the
loads from the columns' own weight transmitted to the foundation also decreased. Reducing the loads on
foundations can significantly reduce the cost of their construction. It was also found that a change in the
type of section can affect the changing of the direction of movement of the building's vibration forms.

The results of the study demonstrate the possibility of optimising structural solutions by
changing the geometry of columns, which not only saves resources but also ensures reliable operation
of buildings.

Keywords: multi-storey reinforced concrete buildings, finite element method, numerical
modeling, modal analysis, natural frequencies, rational cross-sectional shapes, form of oscillation.

Modern construction and architecture, 2024, no. 10, page 17-26

17



18

BUILDING STRUCTURES

Introduction. In today's environment, the construction of multi-storey buildings is becoming
increasingly relevant, leading to an increase in building density and the development of transport
infrastructure. Recently, the volume of construction in areas exposed to various vibrations has been
steadily increasing. The constant impact of vibrations on buildings can cause significant displacements
of structural elements and increase noise levels, which is an additional negative effect on the safe
functioning of the building. Thus, the problem of controlling the impact of these vibrations on the
reliability and durability of the building is becoming increasingly relevant. For this purpose, there is a
need to monitor the state of structures on prototype design models using modal analysis [1].

Analysis of recent research. Modern urbanisation trends and the growing demand for high-
rise buildings dictate the need to optimise materials and structures to ensure cost-effectiveness and
energy efficiency. At the same time, increasing traffic and industrialisation are creating additional
dynamic loads on buildings, which requires a more detailed investigation of their impact on
structural elements.

The problems of cross-sectional shape formation of load-bearing structures are one of the
fundamental problems. Traditionally, in the process of rational cross-section selection, architectural,
structural and technological requirements are taken into account simultaneously, which in most
cases conflict with each other. Sometimes approaches to reducing the material intensity of
structures are in conflict with the requirements of simplicity of manufacturing technology,
installation and even operation [2, 3].

In the last twenty years the traditional requirements of stability, strength and rigidity of structures
have been supplemented by the need to check the structure for progressive collapse. It is known that
the dominant influence on the formation of progressive collapse scenarios is exerted by the dynamic
characteristics of the structure, and this phenomenon has already been realized in American standards.
In view of this, the set of structural requirements described above is becoming wider.

Estimation of the natural frequency spectrum of structures was originally used to prevent
resonance phenomena during operation. The natural frequencies of structures can be estimated
analytically using approximate formulas. However, modal analysis provides more detailed and
reliable data on the dynamic behavior of structures.

Despite the variety of software systems that implement the finite element method, not all of
them allow to model reinforced concrete structures and perform their examination for compliance
with construction standards. Application of computational complexes requires not only knowledge
of mechanical properties of materials and geometry of structures, but also understanding of joint
operation of individual structures. The peculiarities of the transition from structural to
computational schemes of buildings and structures, as well as the fundamentals of computational
mechanics are outlined in [4, 5].

The interest in the modal characteristics of buildings is not limited to the prediction of
resonance phenomena. Today, modal characteristics are also used to assess possible damage. This is
demonstrated in the research of mid-rise buildings in the works of L. Gaile, L. Ratnika, and L.
Pakrastins [1, 3]. These studies have demonstrated the high efficiency of modal analysis and the
importance of optimising design solutions to improve the reliability and cost-effectiveness of
construction. In particular measures of various kinds are being implemented to reduce the impact of
frequencies on the structural characteristics of structures and on the normal functioning of the
human body: vibration isolation of buildings and structural health monitoring systems [3].
However, the option of changing the cross-sections of structural elements has not been fully
investigated.

It is known from the theory of structures [4] that the study of the effect of loads on structural
elements is combined with the analysis of the rigid and inertial properties of the structure and is
related to the problems of predicting dynamic behaviour.

Analysing the dynamic behaviour of multi-storey buildings can not only improve
performance but also minimise the risk of damage in seismically active regions. Thus, optimisation
of column cross-sections can be an important factor in reducing construction costs, especially in
areas with restrictions on foundation loads.
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The aim of this work is to find rational cross-sectional shapes of columns in terms of
material consumption and suitability for normal exploitation of multi-storey reinforced concrete
frame buildings.

Materials and methodology of the study. In this study, it is necessary to investigate changes
in the mass and stiffness of structures, taking into account the forms of movement and changes in
frequencies for different types of cross-sections, in accordance with the equation of dynamics [5]:

My +Ky=p, (1)

where ¥ =(y;,Y, )T — is the vector of displacements for the period T; y;,y, — coordinates of
the mass position; p — is the vector of vertical force action on the mass m; M — is the mass matrix:

M:(mn mlzj:(m O]' @)
My, My, 0 m
K'is the stiffness matrix:
K:(k“ klzj:[ s;+5,C08°a s, sinacos,a] ‘)
Kor Kz2) |-s,sinacosa  +s,sina )

where s;,5, — is the elongation stiffeners; « — is the angle between linearly elastic rods

carrying a concentrated mass m.

The structural scheme of the building is frame. The rigidity of the system is ensured by rigid
bracing between columns and beams, as well as two stiffening cores [6]. The building foundation is slab
and rigidly anchored. The building's structural elements are made of heavy concrete of strength class
C25. The dimensions of the building in plan are 18x58 m, the height of the floor is 4.2 m. The building
has 5 above-ground and 1 basement floors. The construction area is the city of Dnipro (Ukraine).

The cross-sectional dimensions of the columns are determined by architectural, structural, and
technological requirements, so the considered cross-sections in all three variants do not exceed 500
mm along the outer contour.

The analysis was performed for 3 column cross-sectional shapes. The first of them has
rectangular columns with dimensions of 500500 mm. The second variant has I-section columns
with dimensions of 500x500 mm with a shelf width of 180 mm, and the third has columns with a
shelf width of 150 mm. Cross sections of the columns are shown in Figure 1.

ZA\ z z

250

500

500

250 250 250 250 250 250
o 3 8
0| -«
« ' Y ' Y ' Y
+ . o4 | [
; 200 200
3 3

Fig. 1. Geometric dimensions of column sections

To calculate the geometric characteristics of the cross-sections for all three variants of the
columns, the Arbat program, which is part of the SCAD computing software package, was used [6].
The calculation results are presented in Table 1.

According to the results obtained, it can be concluded that the cross-sectional area from the first
to the third variant decreases by 24%, which characterizes a corresponding decrease in material
consumption and weight of structures. The values of the moments of inertia also decrease from the first
to the third case. For the moment of inertia relative to the central axis Y1 parallel to the Y axis (ly), this
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reduction reaches about 4%, for the moment of inertia relative to the central axis Z1 parallel to the Z
axis (1z) — more than 37%, for the moment of inertia in free torsion (It) — more than 80%.

As a result of the calculation, the graphs of interaction curves were obtained using the Arbat
program. These curves limit the area of bearing capacity of a section under the action of forces that
can be applied to the cross-section being analyzed. These graphs for all types of sections are shown
in Figure 2.

Table 1 — Characteristics of column sections

Rectangular I-section columns | I-section columns
columns 500x500 | (shelf height 180) | (shelf height 150)
Cross-sectional area (A), [cm?] 2500 2080 1900
Moment of inertia relative to the
central axis Y1 parallel to the axis 520833 513973 500833
Y (), [em]
Moment of inertia relative to the
central axis Z1 parallel to the axis Z 520833 384333 325833
(1), [cm*]
Moment4 of inertia in free torsion 881250 931733 165833
(1), [em’]

-2500.583
+2720.426

a)
: b)
\174.983_~ ®
180,665
-200.525

Fig. 2. Interaction curves:
a—500x500 mm rectangular columns; b — I-section columns (180 mm shelf height); ¢ — I-section
columns (150 mm shelf height)

The design schemes were created using the SCAD software package, which implements the
finite element method [7]. This method is basic in the analysis of structures in structural mechanics.
Performing model discretization, which involves the distribution of structures into finite elements,
is a very important and responsible process. This is due to the need to ensure the greatest relevance
between the model and the structure [8]. The further reliability of the calculation depends on this.
Thus, to ensure the accuracy of the calculation, elements of different shapes and sizes are used
depending on the purpose of the task.

In the design scheme of the building, the columns are modeled using bar elements, and the
floor slabs are modeled using plate elements. Bar elements are the simplest in the calculation of bar
structures by the finite element method and can consist of two or more nodes. To create a discrete
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model of a two-dimensional area, two-dimensional finite elements are used, namely triangles and
quadrilaterals, which can have a different number of nodes [9]. To ensure the most optimal
discretization of the model, rectangular and triangular elements are used for two-dimensional
structural elements. The use of the latter is due to the need to correctly ensure working conditions in
the areas where columns adjoin floors.

According to the program definition, slabs are discretized as quadrilateral or triangular finite
element shells, which were calculated using the Kirchhoff-Love plate theory.

The Kirchhoff-Love plate theory, or classical plate theory, was developed by Love [10], based
on the assumptions proposed by Kirchhoff [11]. This theory is widely used in engineering science
and practice to analyze the behavior of thin plates in the presence of lateral loading or bending
moments along the plate boundary.

This theory operates on several key assumptions [12]. Firstly, it assumes that throughout the
deformation process, the median surface of the plate remains neutral, meaning that the deformation
in the median plane is neglected. Secondly, it postulates that the points on the plane perpendicular
to the center surface remain on the plane perpendicular to the center surface after deformation.
Thirdly, it asserts that the normal stress component in the thickness direction (o) is negligible
compared to the in-plane normal stresses (ox and ayy).

For small deflections of the plate, linearization is applied, and the curvature k of any given
plane parallel to the midplane is expressed by the deflection w. The following relations can be
obtained using the angle of inclination of the plate gi at a point in the i-th direction and the in-plane
displacements uy and uy [13].

Py = w,)_( ,By =Wy
u, =-SIn L=—pD,2 — _Qj ~
x= (,fx) By uy =-sin(B, )z~ -,z @
Ky = _ﬁx,x - _W,xx
Ky .= _ﬂy,y :_W,yy Kyy = _ﬁx,y :—ny :_ﬂy,x = Kyy

The deformations in the x and y directions due to pure bending of a thin plate at a distance z
from the neutral midplane can be expressed as follows [12]:

Exx = Uy x = ZKy Eyy =Uy y = 2Ky . (5)
The non-zero components of the shear strain are of the form:
Yy =Yy i=Uyy Uy =By + By =—22W, = 22K, . (6)

Deformations in the Kirchhoff-Love theory of plates are linear functions of the distance from
the midplane of the surface z and the second derivatives of the midplane deflection, which are equal
to the corresponding curvatures at any given point.

The normal stress components are integrated over the thickness of the plate, resulting in
expressions for the bending moments mx and my and the torsional moment m,y [13]:

t/2 t/2 t/2
my = [ o020z, my = [ oyzdz, My =My = | 7,20z, )
—t/2 —t/2 —t/2
Similarly to the normal stress components, the shear stress components are integrated over the
thickness of the plate, resulting in shear forces [13]:
t/2 t/2
O = [ 7420z, Oy = | 7y,2dz. (8)
—t/2 —t/2

Using the above equations 7 and 8, the linearized local balance of linear and angular

moments, taking into account the surface load per unit area p(x, y), is as follows [13]:

Oxx +dy,y =—P )
My x +Myy =0y (10)
My x +Myy y =0y (11)

Substituting gy and gy into 9 and using m,, = myy from 7, we obtain the local equilibrium in
terms of bending and torsional moments per unit length of the plate [13]:
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My e +2Myy, o £M,, 5 =—P. (12)
The generalized linear-elastic Hooke's law for the analysis of plane stresses, neglecting the
normal stress components acting transversely to the median surface with Young's modulus E and
Poisson's ratio v, is as follows:
1 1 2
Exy = E(O'XX —vayy), Eyy = E(ny —VO'XX), Ty = E(1+ V)T (13)
Using equations 4, 5, and 7, the defining relationship is expressed in terms of moments per
unit length and plate bending stiffness K:

my =—K(wxx+vww)
m, =

—K(W, +VW,xx)

y vy

3
with K = — 0 (14)

Y 12(1-v?)
Substitution of these expressions into the local equilibrium 12 leads to the defining linear
partial differential equation of the Kirchoff-Love plate bending:

My =—-K(1-v)w

Wyoxx + 2Wxxyy + Wy =£ or A’w= % (15)

In a large number of software packages that use the finite element method, the process of
element division is automated [14]. The type of finite elements of the building is a quadrangle, and
the number of design elements and nodes is 50305 and 40231, respectively. To check the
convergence of the results, different sizes of finite elements were used. As a result, the calculation
results turned out to be close in value. The design scheme is shown in Figure 3.

Fig. 3. Structural scheme

The developed design schemes take into account the effects of constant, long-term and short-
term loads. Thus, the strength of the building structures was calculated, stress and displacement
fields were obtained, in particular, the modal analysis of natural frequencies was performed.

The modal analysis provides data on the dynamic behavior of the building, which consists in
determining the main forms of oscillations and their corresponding natural frequencies [1]. The
results of the modal analysis are necessary to optimize the building structure to increase its stability
and reduce vibrations and stresses in materials [15].

The calculation of buildings was performed using the multifrontal method in the SCAD
software package [5, 7]. This method is based on the Gaussian method. This method provides for
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the parallelism of the locations and exclusions of the already collected equations. The ordering of
equations is carried out using heuristic approaches, which involves the creation of several fronts [5].

Research results. As a result of the modal analysis, natural frequencies and vibration forms
were obtained. The graphic results of the calculation are shown in Figures 4-6.

'Mili ‘!\"

Fig. 4. The first form of oscillation:
a—500x500 mm rectangular columns; b — I-section columns (180 mm shelf height); ¢ — I-section
columns (150 mm shelf height)

Fig. 5. The second form of oscillation:
a—500x500 mm rectangular columns; b — I-section columns (180 mm shelf height); ¢ — I-section
columns (150 mm shelf height)

The number of forms was determined based on the percentage of the collected effective
modal masses in accordance with the requirements of DBN B.1.1-12:2014 [16]. The first 10 forms
of each variant of the design schemes are considered in more detail [7, 17]. The modal analysis was
performed for all three cross-sectional variants.

According to the program's reports on eigenvalues and frequencies, it can be concluded that
the change in cross-section had a minimal effect on these indicators. In terms of percentage, the
difference between the I-section and the rectangular section did not reach more than 10%. However,
as a result of changing the types of cross-sections, there is a change in the directions of movement
of the modes. Thus, in the first form, in the calculations with rectangular and I-section columns with
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a shelf width of 180 mm, the movement occurs along the X-axis, and in the model where the
columns are represented by an I-section with a shelf width of 150 mm - along the Y-axis, as shown
in Figure 4. In the second form of natural oscillations, in the first two of these computational
models, translational motion is carried out along the Y axis, and in the last scheme - along the X
axis, as shown in Figure 5. In other forms of natural oscillations, the change in direction or type of
motion is minimal, as shown in Figure 6.

Fig. 6. The third form of oscillation:
a—500x500 mm rectangular columns; b — I-section columns (180 mm shelf height);
¢ — I-section columns (150 mm shelf height)

According to the results obtained, it can be concluded that the change in the type of column
cross-section did not significantly affect the level of the building's vibration frequencies. However,
it did affect the change in material consumption and weight of the building by 24%, as well as the
moments of inertia. In particular, it was found that changing the type of cross-section can affect the
change in the direction of movement of the building's vibration forms.

Conclusion. As a result of the investigation, important data were obtained on the effect of
changes in the geometry of the cross-section of columns on the dynamic behaviour of multi-storey
reinforced concrete frame buildings.

Changing the type of column cross-section can significantly reduce the material consumption
and weight of a building. The research showed that by switching from a rectangular cross-section to
an l-shaped cross-section, the cross-sectional area of the columns is reduced by 24%. This reduces
the weight of the structure, which in turn reduces the load on the foundation and helps to save
money during the design and construction phases.

The modal analysis showed that changing the geometry of the column cross-section affects
the direction of movement of the building's vibration forms, but does not have a significant impact
on the values of the natural vibration frequencies. For all three cross-sectional variants considered,
the frequency changes do not exceed 10%. This indicates that it is possible to optimise structures
without significantly affecting their dynamic stability.

The analysis showed that the transition to I-shaped column sections significantly reduces the
moments of inertia, especially the free torsion moment (l;), which decreased by 80%. This change
may affect the behaviour of structures under combined loads, which should be taken into account in
further design.

The obtained results indicate the feasibility of using I-shaped column sections in the
construction of multi-storey buildings, where material savings and reduced foundation loads are
important. Reducing the dead weight of structures has a positive effect on the overall costs and
duration of the construction of the facility.

According to the obtained results it is advisable to extend the study to a larger number of
section types that correspond to modern materials and technologies.
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AHoTamisi. Y cydacHUX yMoOBax OyIIBHHMIITBO 0araTOIOBEPXOBHX OYIWHKIB CTa€ BCE OLIBII
aKTyaJbHUM, IO TPU3BOJUTH N0 30UIBLICHHS MIUJIBHOCTI 3a0ylOBH Ta PO3BHTKY TPAHCHOPTHOI
iHpacTpykTypu. OCTaHHIM YacoM HEYXWJBHO 3pOCTaroTh 00csArd OyJIBHUITBA B 30HAX, LIO
migaTees BiOparisiv pizHoro xapakrtepy. [locTiiiHuii BrutMB BiOpamiii, CIPHYMHEHUX 30BHIIIHIMH
YUHHUKAMH, TaKUMHU K TPAHCIOPTHI TNOTOKM a00 TMPOMHMCIIOBI YCTAaHOBKM, Ha Oy/iBII MOXe
BUKJIMKATH 3HAYHI 3MIIMIEHHS KOHCTPYKTHUBHHX €JICMEHTIB 1 MiJBHIIYBAaTH PIBCHb IIyMYy, IO €
JOJJATKOBUM HETaTHMBHUM BIUIMBOM Ha Oe3rneuyHe (yHKI[IOHYyBaHHS Oy/iBii. Takum 4uHOM, Ipobiema
KOHTPOJTIO BIUIMBY IIUX BiOpalliif Ha HAIHHICTB 1 JOBrOBIYHICTH OY/IBIi CTa€ BCE OUIBII aKTyaIbHOIO.

3MEHIIEeHHS BIUIMBY YacTOT HAa CTPYKTYPHI XapaKTEPUCTUKU KOHCTPYKIH Ta HAa HOpMallbHE
(YHKITIOHYBaHHSI OpraHi3My JIFOJAWHH BIPOBAKYETHCS 32 JIOMOMOTOI0 BiOpoi3oswii OyxiBens Ta
CHCTEM MOHITOPHUHTY CTaHy KOHCTpYKIii. OHAK BIUIMB 3MiHM Mepepi3iB KOHCTPYKTUBHHUX €IIEMEHTIB
HE JIOCITI/DKEHO MOBHICTIO.

MeTor0 aHOro JOCIHIIKEHHS € MOLIYK PalllOHAIBHUX KOHCTPYKTHBHHUX DILIEHb 3 TOUYKH 30py
MaTepiaJIOMICTKOCTI Ta EKCIUTyaTallifHoi NpuAaTHOCTI OymiBi, IO 3HAXOMUTHCS i BIUIMBOM
JMHAMIYHUX HABAaHTAXKEHb.

JUig aHami3y BIUIMBY 3MIHHM IONEPEYHOro Mepepizy KoJoH Oyno po3podiieHo 3 BapiaHTH
MOTIEPEYHOr0 Nepepi3y KOJIOH, y AKUX 3MiHIOBaNUCSA (GOpMH Ta TeOMETpUYHI po3Mipu. ['eomeTpuyHi
XapaKTEPUCTUKUA TIEPEPi3iB PO3PAXOBYBAIKCS 3a JIOMOMOror mporpamu "ApOar", a MomanbHMIA
aHaJIi3 BUKOHYBABCS 3a JIOTIOMOT0k0 iporpamMHoro komiuiekcy SCAD.

B pesynbrari po3paxyHKy Oyiau OoTpuMaHi Ipadiku KpUBHX B3aEMOJli, 0OMEXYIOTh 00JacTb
HEeCy4oi 3[JaTHOCTI Iepepidy MiJ Ii€l0 3YCHJb, SIKI MOXYTb OyTH MpHKJIaAeHI J0 Mepepisy, L0
aHaJ3yeThCs. 30KpeMa OZep>KaHO BIIACHI 4acTOTH 1 (POPMHU KOJNMBaHb, a TAKOX OLIHEHI IOINEepeyHi
nepepi3u KOJOH 3a iX IUIONICI0 1 MOMEHTaMH iHepIii. 3MiHa THUIy Mepepidy KOJIOH He CYTTEBO
BIUIMHYJIa Ha PIBEHb 4YacTOT KoJMBaHb OyniBmi. OJHAaK BOHAa 3MIHWJIA MAaTepiajOMICTKICTh 1 Bary
OyniBmi Ha 24%, TOOTO 3HAUYEHHS HAaBaHTa)KE€Hb BiJ BIACHOI Baru KOJIOH, IO TEpEeNaloThCs Ha
(dbyHIaMEHT TaKOXX 3HU3WINCS. 3HIDKCHHS HaBaHTaXeHb Ha (YHIAMEHTH JI03BOJIIE CYTTEBO
CKOPOTUTH BUTpPATHU Ha iX ynamTyBaHHS. Takoxk Oylo BHSBJIEHO, IO 3MiHAa THUILYy INEPEPi3y MOKeE
BIUIMBATHU Ha 3MIHY HaIllPSIMKY pyXy (GOpM KOJIMBaHb Oy IiBII.

Pe3ynbTaT JOCHIIKEHHST IEMOHCTPYIOTH MOXJIMBICTh ONTHUMIi3allii KOHCTPYKTUBHHMX PIIIECHb
yepe3 3MiHy I'eOMeTpii KOJOH, L0 J03BOJIE€ HE JIMILIE €KOHOMUTH pecypcH, ajie W 3abes3rnedyyBaTw
HaJllIiHy eKcITyaTallito Oy/1iBeb.

KuouoBi ciioBa: GaraTormoBepxoBi 3alli300€TOHHI Oy/iBii, METOJ CKIHYEHHUX EJIEMEHTIB,
YUCEeNIbHE MOJICNIIOBAHHS, MOAAJbHUI aHami3, BJacHI 4YacTOTH, pallioHaJbHI (OpMH MOMEpPEeYHHX
nepepisis, Gopma KOJIMBaHb.

Cratta Haaidnua 1o penakuii 5.12.2024
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