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Abstract. This article touches on the topic of calculating pipe-concrete columns with a different approach when selecting a
section of a suitable diameter. In the first case, the column was calculated under the influence of loads at the minimum permis-
sible cross-section of the reinforcement, in the second case, the calculation was made with identical loads, but with an in-
creased cross-section of the reinforcement rods, in both cases, the section of the steel pipe of the column was selected, consid-
ering compliance with all critical conditions and strength checks. According to the results of the study, we can say that the
rational method of calculation, in terms of material consumption, is the first option with the minimum allowable cross-section
of reinforcement, on average, the amount of metal spent on such a column will be 14.4% less than in the second option, but the
required volume of concrete in this case will increase by 10.4%. Based on the results obtained, we can say that the first ap-
proach to calculation is more efficient in terms of metal costs, which is the prevailing factor in the design of steel-reinforced
concrete structures.
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1. Introduction

One of the most developing areas of the economy of Ka-
zakhstan at the moment is construction. The country is ac-
tively introducing new technologies and methods aimed at
accelerating construction processes, improving the reliability
and safety of structures, as well as creating more technologi-
cally advanced and energy-efficient structures. This trend is
observed not only in Kazakhstan, but also around the world,
where the construction industry plays an important role in the
development of the economy and infrastructure.

Within the framework of the study, special attention is
paid to the analysis of the world experience in the use of
steel-reinforced concrete structures, which have been widely
distributed and recognized for their advantages. Reinforced
concrete structures combine the strength and stability of steel
elements with the advantages of concrete, such as fire re-
sistance and durability. This makes them particularly attrac-
tive for the construction of buildings and structures with high
requirements for reliability, safety and sustainability.

The use of steel-reinforced concrete structures extends to
various types of buildings and structures. Bridges, ceilings of
industrial and public buildings with heavy loads, as well as
high-rise buildings and skyscrapers - all of them can be im-
plemented using this type of structures. Kazakhstan is no
exception and implements steel-reinforced concrete struc-
tures in the construction of various facilities. The example of
such high-rise construction is Abu-Dabi Plaza in Astana,
which has become a symbol of the modern architectural
development of the country.

The study of world experience in the use of reinforced
concrete structures is important for the development of high-
rise construction in Kazakhstan and an increase in the num-
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ber of unique buildings. Increasing the non-existent capacity,
reducing deformability and ensuring high safety and reliabil-
ity of structures are key aspects that must be considered
when developing new projects and applying reinforced con-
crete structures in building constructions.

Thus, the study of world experience and the use of steel-
reinforced concrete structures in the construction of Kazakh-
stan contributes to the development of the industry, improv-
ing the quality of construction and the creation of innovative,
sustainable and modern structures that reflect the growing
strength and progress. Needless to say, that the future of
high-rise building is highly rely on steel-reinforced concrete
elements, and ours deep understanding of their basic me-
chanical and designing principles.

1.1. What is steel-reinforced concrete?

Reinforced concrete structures are one of the most com-
mon materials used in the construction of buildings and
structures. They are a combination of steel and concrete
working in synergy to create a strong and stable structure.
Kazakhstan is no exception and implements steel-reinforced
concrete structures in the construction of various facilities.
An example of such high-rise construction is Abu-Dabi Plaza
in Astana, which has become a symbol of the modern archi-
tectural development of the country.

The main advantage of steel-reinforced concrete struc-
tures is their ability to withstand significant loads and pro-
vide high strength at a relatively low weight. This allows you
to build lighter and more elegant structures than using only
concrete or steel. Moreover, steel-reinforced concrete struc-
tures can be manufactured with high precision, which makes
it possible to implement more complex shapes and design
solutions.
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However, some disadvantages of steel-reinforced con-
crete structures should be considered when using them. Im-
proper design and construction can lead to corrosion of the
material and, ultimately, to the destruction of the structure.
This is due to the interaction of steel and concrete, which can
cause oxidation and rusting processes. In addition, steel-
reinforced concrete structures may be more expensive than
alternative materials, which should be considered when plan-
ning the project budget.

In order to avoid disadvantages and maximize the ad-
vantages of steel-reinforced concrete structures, it is necessary
to consider the features of this material at each stage of design
and construction. It is important to carry out a comprehensive
load analysis, considering the durability and corrosion re-
sistance of the structure. It is also necessary to apply modern
methods of corrosion protection, such as coatings, cathodic
protection and other technologies, in order to extend the ser-
vice life of the structure and ensure its reliability.

Finally, it is necessary to have a good understanding of the
strength and stability of steel-reinforced concrete structures in
various operating conditions. This includes studying the ef-
fects of external factors such as climatic conditions, humidity,
chemicals and dynamic loads. Based on these data, it is possi-
ble to optimize the project and select the appropriate materials
and technologies to achieve the necessary strength and durabil-
ity of the structure.

In general, steel-reinforced concrete structures represent an
important and widely used material in modern construction.
Proper design, construction and operation of such structures
make it possible to create durable, stable and aesthetically
attractive structures capable of coping with a variety of loads
and operating conditions.

The effectiveness of steel-reinforced concrete structures is
due to the interaction of two materials - concrete and steel, and
their joint work. Steel-reinforced concrete structures can be
classified into four main types according to their structural
solution and the nature of their work:

1. Structures where rigid steel profiles (rolled, welded or
bent) are located outside the reinforced concrete part of the
structure

2. Structures in which rigid steel profiles are located inside
the reinforced concrete part of the structure - such structures
are known as reinforced concrete structures with rigid rein-
forcement.

3. Structures including rigid steel profiles or rolled sheets
located around the cross-section perimeter (pipe-concrete
structures) or along one or more faces.

Structures where thin-walled steel flat or profiled sheets
are located on one or two sides of a reinforced concrete struc-
ture and serve simultaneously as a permanent formwork and
working reinforcement.

In this paper, different approaches to the selection of a sec-
tion of a steel-reinforced concrete column of a square section
with the same design loads and material characteristics were
considered.

The task was set to identify the most economical and mate-
rial-intensive design option while maintaining the required
strength characteristics of the column. Two design variants
were compared, in the first design variant the minimum possi-
ble cross-section of the longitudinal reinforcement was used,
with a reinforcement coefficient of less than 2%, in the second
variant the maximum possible cross-section of the longitudinal
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reinforcement, a reinforcement coefficient of 4% or more, was
used for simplified calculation.

An algorithm was used for the manual calculation of a
quadrant steel-reinforced concrete column made of hot-rolled
seamless pipe with internal reinforcement consisting of hot-
rolled longitudinal and transverse reinforcement. Calculations
were made with the selection of the column section satisfying
the conditions of strength and stability.

According to the results of the study, it can be said that in
the first version of the calculation of the column as a whole,
there is a reduction in metal costs by 8-9%, but an increase in
the area of the concrete section by an average of 25-26%, as a
result of an increase in concreting costs and an increase in the
cross-sectional area of the column as a whole.

2. Materials and methods

When calculating and designing structures made of rein-
forced concrete, it is required to initially study a large amount
of material on this topic, as well as to prepare and think over
the research methodology itself as a whole

To begin with, | would like to touch on the materials col-
lected and read for the development of this study. In this study,
the following scientific works were used and analyzed:

Research in the field of calculation and operation of steel-
reinforced concrete structures was carried out in different
years: Travush V.1., Konin D.V., Rozhkova L.S., Krylov A.S.,
Kaprielov S.S., Chilin I.A., Martirosyan A.S., Fimkin A.l., etc.

Travush V.I., Konin D.V., Rozhkova L.S., Krylov AS,,
Kaprielov S.S., Chilin 1LA., Martirosyan A.S., Fimkin A.l. [2]
in their study «Experimental studies of steel-reinforced con-
crete structures operating on off-center compression» tested
various models of columns for off-center compression and
central compression, followed by an analysis of the obtained
results, their comparison and conclusions regarding additional
anchoring of the steel core in concrete.

Travush V.1, Kaprielov S.S., Konin D.V., Krylov AS,,
Kashevarova G.G., Chilin .A. [4] in the work «Determination
of the bearing capacity for shear of the contact surface «steel-
concrete» in steel-reinforced concrete structures for concretes
of various compressive strength and fiber concrete». They
consider the issues of working on the shear of the contact
surfaces of the LCB models, and also give the calculated adhe-
sion resistance of steel elements of rigid reinforcement with
concrete and a comparison of similar data in Eurocode 4.

The foreign work Jun Wang, Yuxin Duan, Yifan Wang,
Xinran Wang and Qi Liu «Analysis and Modification of
Methods for Calculating Axial Load Capacity of High-
Strength Steel-Reinforced Concrete Composite Columnsy [15]
(Analysis and modification methods for calculating axial com-
pressive strength of columns made of reinforced concrete)
provides experimental tests and analysis of the strength char-
acteristics of various configurations of columns reinforced
with a double I-beam in the center.

The Finnish author Karol Bzdawka in his work «Compo-
site column — calculation examples» [16] gives examples of
calculating steel-reinforced concrete columns with a steel outer
contour of round, square and rectangular sections.

In international European standards «SFS-EN 1994-1-1(2)
Eurocode 4: Design of composite steel and concrete structures.
Part 1-1: General rules and rules for buildings Part 1-2: Gen-
eral rules. Structural fire design» [13, 14] considered the basic
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rules for the design and calculation of steel-reinforced concrete
structures according to European standards.

I.1. Vedyakov, D.V. Konin, A.S. Krylov, L.S. Rozhkova,
S.B. Krylov in his work «Methodological guide for the cal-
culation and design of steel-reinforced concrete structures
with rigid reinforcement» they give 2 illustrative examples of
the calculation of CFS columns with rigid 1-beam fittings, as
well as with rigid fittings in the form of a solid core.

Also, there was a lot of authors that helped me gain basic
knowledge of this specific topic, and the general understand-
ing of building construction and mechanical principles of
construction elements. | cannot include them all, but you can
acquaint with them in the scientific library of Satbayev Uni-
versity.

The main methods for obtaining individual research indi-
cators:

1 Collection of theoretical information

The study of various literary sources, the analysis of ex-
isting information, the comparison of various sources of
information

A literary review of this scientific article was presented
above, which noted the work of the authors, whose ideas
were used as the main theoretical basis for the calculation of
columns made of reinforced concrete. There are also a lot of
practical guidelines for the calculation of columns made of
steel profiles, as well as from reinforced concrete, have be-
come an important part of the collection of theoretical infor-
mation. The fundamentals of concrete behavior during com-
pression compression, the effect of the cage when pouring
concrete mixture, the connection and joint work of steel and
concrete were studied.

2 Mathematical analysis and calculation

Numerical modeling of a building with the subject of re-
search in the software complexes LyraSAPR/ SCAD/
MidasGen. Load collection and calculation according to
Eurocodes using LyraSAPR/ SCAD/ MidasGen software
packages. Statistical analysis of the results of numerical
modeling.

The analysis and verification of the calculated material
were carried out in software complexes for the calculation of
structures by the finite element method. This made it possi-
ble to compare the manual calculation with the calculation in
the software package to exclude the human factor and large
discrepancies in the calculations.

The calculation was based on columns with the following
initial geometric parameters, as well as with the following
material parameters:

The cross section of the column was adopted as a steel
rolled seamless pipe of square section, the length of the col-
umn is three point six meters. The number of longitudinal
reinforcement rods varies from 4 to 8 pieces, depending on
the required cross-section parameters, the transverse rods
have a diameter of six millimeters with a protective layer of
concrete of fifty millimeters.

The characteristic resistance of the steel of the external
hot-rolled pipe is three hundred and fifty-five mega Pascal,
with a load reliability coefficient of one, thus the calculated
resistance of the pipe wall is equal to three hundred and fifty-
five mega Pascal, the modulus of elasticity of the steel was
taken equal to two hundred ten thousand mega Pascal. The
characteristic resistance of the steel of the longitudinal rein-
forcement is equal to five hundred mega Pascals, with a load
reliability coefficient equal to one whole fifteen hundredths,
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thus the calculated resistance of the longitudinal reinforce-
ment is four hundred thirty-five mega Pascal The modulus of
elasticity of the longitudinal reinforcement material was
taken equal to two hundred ten thousand mega Pascals.

The characteristic resistance of concrete was taken to be
equal to forty mega Pascals, with a load reliability coefficient
equal to one whole five decimals, thus the calculated com-
pressive resistance of concrete is equal to twenty-six whole
shears and seven hundredths mega Pascals. The modulus of
elasticity of concrete was taken to be equal to thirty-five
thousand mega Pascal with a cement strength class N, and a
load application time of 28 days.

3. Results and discussion

The results of my research turned out to be sufficiently
clear so that it was possible to trace certain patterns between
the cost of materials per conventional unit of payload, which
the column of a hypothetical building, given in the calcula-
tion and described in the second section, can withstand.

In all iterations of the calculation of the first variant of
column construction, longitudinal reinforcement does not
exceed 2%, in the second design variant, longitudinal rein-
forcement of more than 4% is used in all iterations of the
calculation. These design principles were chosen in order to
compare the efficiency of increasing the cross-section of the
reinforcement with an increase in the cross-section of the
outer pipe of a steel-reinforced concrete column.

Next, calculations were carried out for two variants of
column construction with the selection of suitable cross-
sections of longitudinal elements based on the principles of
column design established by us earlier. The calculations
were made in accordance with the norms of Eurocode 4.

Based on the results obtained, graphs of the dependencies
of the cross-sectional areas of the longitudinal steel elements,
as well as the cross-sectional area of the concrete part of the
column on the applied design loads were compiled. These
graphs clearly show an increase in the cross-section of the
concrete part of the design variant with a percentage of rein-
forcement less than two, as well as a corresponding decrease
in the cross-section of the steel part of the column.

In the second design variant, we can observe the opposite
picture, the cross-section of the bulk of the column decreases,
but the cross-section of the longitudinal steel elements increas-
es noticeably, which accordingly increases the cost of materi-
als.
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Figure 1. Graph of the dependence of the total cross-sectional
area of longitudinal steel elements on the total design load on the
column
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Figure 2. Graph of the dependence of the cross-sectional area
of concrete on the total design load on the column

4, Conclusions

The use of steel-reinforced concrete structures has a
number of advantages. Firstly, they have high strength and
are able to withstand significant loads. Secondly, such struc-
tures provide stability and durability, which is especially
important for bridges, buildings and reservoirs. Thirdly,
steel-reinforced concrete structures make it possible to
achieve an optimal combination of materials, taking ad-
vantage of both steel and concrete.

In conclusion, steel-reinforced concrete structures repre-
sent an effective solution for various engineering tasks. They
have strength, rigidity and stability, and also provide the
opportunity to combine the advantages of steel and concrete.
The correct selection and use of connecting elements are key
factors for achieving optimal performance of such structures.

It has been established that, compared with traditional
structures, reinforced concrete structures have a wide range
of characteristics that make them attractive in various fields
of construction

1. Lower weight compared to reinforced concrete struc-
tures: Steel-reinforced concrete structures have a lower mass
compared to traditional reinforced concrete structures. This
reduces the load on the foundation and improves the overall
stability of the building or structure.

2. Increased rigidity compared to steel structures: Steel-
reinforced concrete structures have high rigidity, which
means that they can resist large deformations without signifi-
cant changes in their shape. This is especially useful in cases
where it is necessary to minimize floating deformations and
ensure accuracy and reliability in the operation of structures.

3. Reduction of steel consumption compared to steel
structures: Steel-reinforced concrete structures require less
steel compared to all-steel structures. This is due to the use of
concrete as the main material, which has good compressive
strength, which reduces the amount of steel needed.

4. Compliance with modern manufacturing and installa-
tion technologies, simplicity of nodal connections: Rein-
forced concrete structures meet the requirements of modern
manufacturing and installation technologies.

During the research and analysis of the conducted calcu-
lation, the following conclusions were formulated. When
calculating and designing a steel-reinforced concrete column,
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with a longitudinal reinforcement of less than 2% of the
cross-sectional area, a reduction in the cross-section of longi-
tudinal steel elements by an average of 8-9% is clearly ob-
served in comparison with the second layout option. But it is
also worth noting that in the first version of the layout, the
area of the concrete section increased by an average of 25-
26% compared with the second calculation option.

Based on the results obtained, we can confidently say that
an increase in longitudinal reinforcement in the column is
slightly less effective in using the strength characteristics of
steel than an increase in the cross section of a steel pipe, but
significantly reduces the consumption of concrete and the
cross-sectional area of the column as a whole.

The complexity of calculations for strength and stiffness,
the need to take into account two-stage construction work,
cracking, creep of concrete, shear of heterogeneous materials
along the contact surface and other specific factors: Steel-
reinforced concrete structures require more complex calcula-
tions for strength and stiffness due to the interaction of vari-
ous materials and taking into account specific factors such as
cracking, the creep of concrete and the shear of materials
over the contact surface.

The need to take these factors into account in the design
and construction of steel-reinforced concrete structures can
increase the complexity of the project and require more at-
tention to detail. However, correct calculations and consider-
ation of these factors can guarantee the safety and durability
of structures.
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BoJsar Temip0eTOH OaraHIapPbIH K00ATAYABIH IPTYPJIi TICiIaepinge
MaTepUaAJIapAbl NAWAAJaHY THIMIUIITIH CaJdbICTBIPY
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Angarna. by makanaga nraMeTpIiH KelIeHeH KUMAachlH TaHAay Ke3iHAe op TYPIIi TOCUTMEH KYOBIpIIsl OeTOH OaraHIapbIH
ecenTey TaKbIPBIOBI Ko3Fadanmsl. bBipiHmm jkarmaiina apMmaTypaHblH MHUHHMAJIAbl KOCHIMINA KHMAachkl 0ap JKyKTeMeJepHiH
ocepiHeH OaraHaHBI e€CENTey XKYPTi3iimi, eKiHIm jkarmaima Oipmeil sKykTemelepMeH ecenTey JKyprisinmi, Oipak apmarypa
©3CeKTepiHIH KMMachl YIFAUTBIIIBL, €Ki XKaraaiaa ga 0apibIK KPUTHKAJIBIK KYWiIep MeH OepiKTIKTI TeKcepymi eCKepe OTHIPHII,
OaraHHbIH BosaT KyOBIPBIHBIH KUMAChl TAHAABL. 3epTTEY HOTHKENEPi OOMBIHINIA MATEPHAN/IbI CHIABIM/IBUIBIKKA OaliIaHBICTHI
eCenTey/IiH YTHIMIBI 9MIiCI apMaTypaHbIH €H a3 pyKcaT eTUINCH KMMachl Oap OipiHII HYCKa Jem aiTyra 0ojajsl, opTaiia
eCeIieH MYH/Iail OaraHFa )KyMCaJFaH METaUT KeJeMi eKiHIli HycKara Kaparauna 14.4% - ra a3 Gomazsl, Oipak Oy JkaFgaiina
O6eToHHBIH KaxeTTi kesemi 10.4%-ra a3 6onajbl.

Heeizei co30ep: 6oram memipbemon, 6azandap, ecenmey.
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AnHoTanusi. B 310l craThe 3aTparuBaercs TeMa pacuera TpyOOOSTOHHBIX KOJOHH C Pa3iiMuHBIM IOJIXO0J0OM IIpH mojdope
CeUeHMsI MOJXOIAIIEro TuaMeTpa. B mepBom cityyae ObUT IPOM3BECH pacueT KOJIOHHBI MO ASHCTBHEM Harpy30K IMpH MUHH-
MaJIbHO JIOIYCTUMOM CEUSHHHU apMaTypbl, BO BTOPOM Cliy4ae ObUI NMPOM3BEJCH pacyeT ¢ MJCHTHYHBIMU HArpy3kamu, HO C
YBEJIMYEHHBIM CEUYCHHEM CTEp)KHEH apMaTypsl, B 000UX CiIydasx ObUI IMPOU3BEICH MTOI00P CEYEHHUS CTANbHOM TPYObI KOJOHHBI
C y4eTOM COOMIOJICHHUS BCEX KPUTUYECKHUX COCTOSHHUM M MPOBEPOK HA MPOYHOCTH. [1o nToraM mccienoBaHus, MOXKHO CKa3aTh,
YTO, palMOHAJIbHBIM METOJIOM pacyeTa, B IUIAHE MAaTEPHATOEMKOCTH, SIBJISETCS NEPBbIH BApUAHT C MHHUMAJIBHO JIOTTYCTHMBIM
CEYCHNEM apMaTyphbl, B CpelHEM 00bEeM MeTallla, 3aTpayeHHbIH Ha TaKylo KOJIOHHY, OyzneT B 14.4% MeHbIe, 4eM BO BTOPOM
BapuaHTe, HO TpeOyrommiicst 00beM OeToHa B TakoM cirydae BozpacteT Ha 10.4%. Mcxons U3 MomydeHHBIX Pe3yabTaToB, MOX-
HO CKa3aTh, YTO MEPBBIH MOAXOMA K pacdeTy siBisieTcs Oosiee 3()(EKTHBHBIM C TOUKH 3PEHMS 3aTpaT METailld, YTO SBISIETCS
HpeBAMPYIOMNM (HaKTOPOM MPH MTPOSKTUPOBAHUH KOHCTPYKIIUH U3 CTalIe)KeIe300€TOHHA.
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