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Abstract

Introduction. In manufacturing tubular concrete columns, attention should be paid to a technology of filling a steel tube
with a concrete mixture. In practice when a concrete mixture is being fed into a tube from the top, a proper quality of
concreting a structure is not guaranteed. In this study, the aim was to test the effectiveness of a technology of forming
columns with a self-sealing concrete mixture by means of pressure concreting.

Materials and Methods. Experiments to study the effectiveness of the suggested technology for forming a tubular con-
crete column with a saturated content of longitudinal and spiral reinforcement were conducted on a transparent model. A
self-compacting mix composition was selected that ensured the required workability, flowability, homogeneity, and ab-
sence of stratification. Through the course of the experiments, the process parameters were adjusted with the speed of
filling the structure with the concrete mixture as the most important one. The uniformity of concrete distribution through-
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out the model was monitored.

Research Results. The experiment indicated that the concrete mixture easily reached all of the areas of the structure with
no loss of quality. No air bubbles were observed on the surface of the structure, indicating high-quality compaction of the
mixture. Concrete strength and density variations in the upper, middle, and lower zones of the structure were minimum.
The resulting concrete is characterized by a homogeneous structure, with a uniform, evenly distributed composition with
no significant voids or inhomogeneities throughout the entire volume.

Discussion and Conclusion. The absence of formwork, scaffolding, and other equipment, high speed of concreting sig-
nificantly reduce the time and labor intensity of column installation. All of these, combined with the achieved concrete
quality, open up avenues for a broad-scale use of the pressure concreting method in construction projects in the Russian
Federation. Further work is needed in order to develop a method for ultrasonic quality control of concrete in tubular
concrete columns.

Keywords: tubular concrete columns, self-compacting concrete, method of ascending concrete mixture, strength and den-
sity of concrete, homogeneity of a structure
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AHHOTAIIMA

Beeoenue. Tlpn m3roroBieHur TpyOOOETOHHBIX KOJIOHH CIIEAYET OOpaTWTh BHUMaHHE Ha TEXHOJIOTHIO 3aIllOJHEHHMS
CTaJBHOW TPYyObl OETOHHO cMechio. [IpakThKa MmokasbIBaeT, 4To MpH 1o/1aue OETOHHON cMecH B TPYOY CBEPXY JIOJDKHOE
Ka4ecTBO OCTOHMPOBAHUS KOHCTPYKIMH HE TapaHTHUpyeTca. B TaHHOM HcclenoBaHMM CTaBHIIACh LIENb OMBITHOW IPO-
BepKH 2P PEKTUBHOCTH TEXHOJIOTHH (POPMOBAHISI KOJIOHH CAMOYIUTOTHSIOMICHCS! 0ETOHHOM CMEChI0 METOIOM HAIIOPHOTO
OeTOHHNPOBAHUS.

Mamepuanst u Memoobl. IKCIICPUMEHTEHI 10 UCCIEAOBAHHIO 3((HEKTHBHOCTH NPEATOKECHHON TEXHOIOTHH (hOPMOBa-
HUSI TPyOOOETOHHON KOJIOHHBI C HACHIIICHHBIM COJIEp KaHUEM IPOIOIBHOMN U CIMPATIbHOI apMaTypsl MPOBOAMWINCH HA
npo3payHoM Makete. [logoOpaH cocTaB caMOyIIOTHSIOIIEHCS cMecH, obecrnednBaonuii TpedyeMyo ya000yKiaabl-
BaeMOCTh, TEKYy4YeCTh, OJIHOPOJHOCTh U OTCYTCTBUE PaccioeHus. B Xo1e IKCIepuMeHTOB MOJ00paHbl TEXHOJIOTHYE-
CKHe mapaMeTpsl GOPMOBaHUs, CPEIH KOTOPHIX HAUOO0JIee BaKHBIM ObLIa CKOPOCTh 3aMOJHCHHSI KOHCTPYKIIMKA OCTOH-
HoW cMmechlo. KoHTposmpoBaiach paBHOMEPHOCTD pacipeeIeHus OeTOHa 110 BCEMY MakeTy.

Pesynvmamut uccnedosanus. B pe3ynpraTe S5KCIIEpUMEHTA BBIIBICHO, YTO OETOHHAS CMECh JIETKO JJOCTUTala BCEX 30H
KOHCTPYKIMH 0e3 moTepp kadecTBa. Habmroqanocs oTCyTCTBHE BBIACICHHS BO3AYIIHBIX ITy3bIpeii C TOBEPXHOCTH KOH-
CTPYKLIMH, YTO CBUAETEIHCTBYET O BHICOKOM KauecTBE YIUIOTHEHUS cMecH. Pa3dpoc mpoYHOCTH M IUIOTHOCTH OETOHA B
BEpXHEH, cpeHel U HIDKHEN 30HaX KOHCTPYKIMH MUHUMaIbHbINA. [10TydeHHBINH B KOHCTPYKIIMN OETOH XapaKTepU3yeTCs
TOMOTE€HHOH CTPYKTYpOH, UMEIOIEH 0THOPOIHBIH, pABHOMEPHO PacIpeIeNICHHBII cocTaB 6€3 3HAUNTEIbHBIX ITyCTOT MITH
HEOJHOPOAHOCTEH 110 BceMy 00BeMy.

Odcyancoenue u 3axniouenue. OTCyTCTBHE ONaIyOKH, MOAMOCTEH U IPOYUX MPUCIIOCODIICHUI, BRICOKast CKOPOCTh OeTo-
HUPOBAHMS 3HAUYUTEIBHO CHIDKAIOT MPOJIODKUTENBHOCTD M TPYIOEMKOCTh MOHTa)Ka KOJOHH. Bce 3T0, B COBOKYIHOCTH
C JOCTUTHYTBIM Ka4€CTBOM 6CTOHa, OTKPBIBACT XOPOUINE NEPCIICKTUBLI AJIs1 HIMPOKOI'0 MPUMEHECHUA METOAa HAITOPHOT'O
OeTOHUPOBaHUS B cTposIuXcs 00bekTax B PO. B ganpHeliem Heo0X0aUMO pa3padoTaTh METOAUKY YIBTPa3BYKOBOTO
KOHTPOJISI KauecTBa OeToHa TpyOOOETOHHBIX KOJOHH.

KiaroueBbie ciioBa: ’I‘py606eTOHHHG KOJIOHHBI, CaMOYIIJIOTHAIOIIAsACA OceToHHAs CMECh, METO BOCXO,I[?[H.Ieﬁ OeTOHHO
CcMECH, NPOYHOCTDH U IIJIOTHOCTDH 6GTOHa, TOMOI'CHHOCTb CTPYKTYPbI

E.]IaFOIIapHOCTI/l. ABTOpBI BBIPAXKAIOT 6Har0,£[apHOCTL peAaKiuu U pelCH3CHTaM 3a BHUMATCIbHOC OTHOLICHUE K CTATHC
1 YKAa3aHHbBIC 3aMC€YaHUs, KOTOPHIC ITO3BOJIMIIN NOBBICUTH €€ Ka4€CTBO.

s uurupoBanus: Kpuman A.JL., [lapdernos B.B., Baswmma H.B., ActapreBa M.A. Texromnorus popMoBaHHS TPY-

000eTOHHBIX KOJIOHH. Cogpemeniblie meHOeHYUuY 8 CMpoOumeibcmae, 2padoCmpoumenbcmee U NianuposKe meppumopull.
2026;5(1):8-14. https://doi.org/10.23947/2949-1835-2026-5-1-8-14

Introduction. Tubular concrete columns (TBCs) are increasingly used in designing frames of high-rise buildings in
the Russian Federation. This is due to a number of significant advantages of the economic, technological, constructive
plan, as well as the architectural expressiveness of these structures [1-6]. One of the restraining factors for the broader
use of TBC:s in this country is the insufficiently developed technology of filling steel tubes with a concrete mixture. Due
to the considerable length of steel tubes with a relatively small diameter, which provide "non-removable formwork™ for
columns on two or three floors or higher, traditional technologies for filling them with a concrete mixture from the top
fail to ensure proper concreting quality. It is fairly challenging to ensure and control the quality of laying and compaction
of a concrete mixture under such conditions.

According to Japanese builders’ experience that are among the leaders in the volume of TBC applications, the most
promising technology for their molding is use of the ascending concrete mixture method also known as the pressure
concreting method where a concrete mixture is pumped with a concrete pump under pressure through a specially made
hole in a steel tube from bottom to top.

[7, 8] have shown that this concreting technology reduces the number of air bubbles in the contact layer of
reinforcement with concrete. The resulting concrete layer under the reinforcement was characterized by a better
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quality compared to the traditional concreting on top of the mold leading to an increase in the adhesion of reinforce-
ment to concrete.

In order to ensure the necessary high plasticity and mobility, self-sealing concrete mixtures (SSCMs) should be
employed. Such mixtures started being used overseas in the last century, but are currently broadly used in this
country [9-11]. The use of SSCMs allows one to attain a number of other positive results with the most important
ones being:

—no need for vibration during installation;

— no delamination of the mixture;

—reduction in the cement content;

— high strength, density and durability of concrete.

The aim of the study was to test the effectiveness of the technology of forming TBC columns using substructures by
means of pressure concreting.

Materials and Methods. At the first stage, the composition of the SSCMs was selected and its quality was checked.
To this end, the workability of the mixture was monitored by means of an Abrams cone and the fluidity was identified
using the locking ring method. The second method was employed in order to evaluate the capacity of the mixture to
penetrate into narrow spaces, including gaps between reinforcing bars, with no delamination or clogging.

Sampling for identifying the normalized parameters of the mixtures was carried out in compliance with GOST R 59715
"Self-Sealing Concrete Mixtures. Testing Methods" taking the instructions of GOST 10181 "Concrete Mixtures. Testing
Methods" into consideration.

Concrete strength was monitored based on the results of compression tests of control samples-cubes with a rib size
of 100 mm at the age of 3, 7, 28 days in compliance with GOST 18105 "Concretes. Rules for Strength Control and
Assessment”, GOST 10181 and GOST 31914 "High-Strength, Heavy and Fine-Grained Concretes for Monolithic Struc-
tures. Rules for Quality Control and Assessment".

When a mixture of the required quality has been obtained, model experiments on molding the product were performed
on a large-scale transparent model of a tube-concrete column (Fig. 1). The model of the tubular concrete column had a
height of 1973 mm and a diameter of 300 mm. The shell tube was made of plexiglass. The reinforcement frame was made
of 7 longitudinal rods with a diameter of 25 mm and a spiral of rods with a diameter of 8 mm with a pitch of 50 mm.
Additionally, two longitudinal rods with a diameter of 25 mm are installed in the lower part of the reinforcement frame
with a light distance between them and the remaining rods of 30 mm. That allowed assessment of the penetration ability
of SSCMs between the rods of densely reinforced TBCs.

b)
Fig. 1. TBC sample: a — general view of the layout for testing the WBS method; b — location of core drilling
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In order to supply the concrete mixture, a 125 mm diameter concrete duct system was employed that is connected
to the layout with special quick-release fittings. The mixture was supplied by a Cifa PC 709 concrete pump. 72 hours
after forming the reinforced concrete core, cores were extracted from the mock-up for them to gain concrete strength
under natural conditions. The cores were drilled from four sites located at the bottom, top and in the middle zones of the
layout (Fig. 1b).

Concrete strength was monitored at the age of 28 days based on the results of compression tests of cylinders with a
diameter of 100 mm and a height of about 100 mm in accordance with GOST 28570 "Concretes. Methods for Identifying
Strength Based on Samples Selected from Structures” and GOST 31914.

Research Results. The results of identifying the workability of SSCMs by the size of the spreading diameter of a
standard cone and the spreading time up to a diameter of 500 mm are shown in Tables 1, 2 and in Fig. 2.

The resulting mixture is highly stable. The cement paste and water did not separate from the aggregate along the
circumference of the spread, and there were no signs of delamination of the concrete mixture. The time to stop blurring
is 62 seconds. The contours are clear. The mixture was dense and homogeneous throughout the entire test until the instal-
lation was completed. Workability retention is180 min long.

The compressive strength of concrete control samples of cubes according to the results of the cube strength control
corresponds to class B70.

Table 1

Results of control of workability of the mixture

. . Diameter of the spread, cm
Composition Time o
Spread grade | Viscosity grade
number ts00, SEC
ds d> dep
#1 3 77.5 77 77.25 PK3 V2
Table 2
Results of the cone spreading control in the locking ring
L Diameter of the spread, cm Measured heights, cm
Composition
number Fluidity grade
d, d | do ho ha hie hys hy2 Y9
#1 80 79.5 79.75 12.3 12.8 12.9 12.9 12.7 T4

a) b)

Fig. 2. Test results of the concrete mixture: a — identifying spread, viscosity grades; b — identifying fluidity grades

The results of forming the TBC layout are as follows. The time of filling with the mixture is 42 seconds long, the
filling speed is 229.5 liters/min. As the TBC layout was being filled, it was important to ensure an even distribution of
concrete throughout the entire volume of the structure. Visual observation of the filling process through transparent walls
showed that the mixture started rising inside the reinforcement frame, but when a height difference of more than 50 mm
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had been reached, it spread along the peripheral zones of the structure. The mixture easily reached all of the areas with
no loss of quality. At the end of the concreting process, there was no release of air bubbles from the surface of the structure,
which is an indication of a high quality of compaction of the concrete mixture. The condition of the outer surface of the
reinforced concrete core is shown in Fig. 3.

a) b)

Fig. 3. Concrete compaction quality: a — reinforced concrete core in section; b — lateral surface of the reinforced concrete core

According to the test results of four cylinders, the compressive strength of concrete ranged from 77.9 MPa to
81.2 MPa. The density of the samples was also in a very narrow range, from 2549 kg/m? to 2588 kg/m®. Such results are
indicative of the absence of stratification of the mixture and uniform distribution of aggregates over the entire volume
and height.

Discussion and Conclusion. The research has shown that the WBS method is capable of delivering good-quality
molding and compaction of TBC concrete. The thixotropic behavior of the SSCMs reduces the viscosity of the
mixture and counteracts its segregation due to shear stress during the continuous movement of the mixture in the
volume of the structure under the pressure of the updraft. As a result, a high uniformity of concrete is attained in
the structure including its height. The variation in strength and density of concrete in the upper, middle and lower
zones of the structure is minimal.

For TBCs, which are more broadly used in frames of high-rise buildings, the uniformity of concrete throughout the
entire volume of the element is no less significant than its absolute strength. Heterogeneity leads to local stress concen-
trations and a decrease in the overall load-bearing capacity of the structure, which might negatively affect the mechanical
safety of the building as a whole.

It should be noted separately that in calculating the strength of pipe-concrete columns concreted by means of this
method, it is not necessary to apply the coefficient of working conditions yus = 0.85 to the calculated compressive strength
of concrete (Section 6.1.12 of SP 63.13330.2018 "Concrete and Reinforced Concrete Structures. Basic Provisions™).
Combined with a possibility of practical use of low strength variability (in identifying the concrete class), it makes it
possible to obtain higher calculated values of compressive forces in concrete structures. As a result, significant improve-
ments of the technical and economic performance of the columns become possible.

The studies allow us to conclude that it is advisable that the TBC molding technology is employed using the WBS
method when a self-sealing concrete mixture inside a steel pipe is pressurized from bottom to top.

Let us note the obvious advantages of the method over the traditional ones with a mixture feed from the top:

— a significant reduction in the possibility of capturing additional air inside the substation;

— practical exclusion of a possibility of segregation of the mixture due to impacts on the reinforcement and the walls
of the formwork tube during free fall;

—a significant reduction in the filling time of the structure;

— exclusion of the formation of working seams and operations with their organization;

—a reduction of construction installation time;

—a reduction in the number of workers on the construction site;

— eliminating the need to make use of scaffolding, ladders, and ladders.
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The concrete obtained in the structure is characterized by a homogeneous structure with a homogeneous, evenly dis-
tributed composition with no significant voids or inhomogeneities throughout its volume. It becomes possible to obtain
higher values of the calculated resistance of concrete compared to concrete of the same compaosition, but molded by means
of the traditional technologies.

However, due to the lack of regulatory documents with recommended values of technological parameters of molding
for the VBS method (upper and lower limits of the filling rate of concrete blocks, diameters of concrete pumps, overpres-
sure values), it is advisable that broader comprehensive studiesare are conducted in the area. For construction practice, it
is also essential to develop a methodology for ultrasonic quality control of concrete in columns.
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