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Abstract. Reactive powder fiber-reinforced concrete has sufficiently high boundary
deformation properties. However, further increase in these properties is difficult. This is explained
by the complexity of the oriented arrangement of the steel fiber in the concrete array in parallel with
the tensile stress and by the inability of individual fibers to work together.

Increasing the values of the deformation properties of concrete, such as the tensile strength
and the ultimate deformation of concrete can be achieved by using as a disperse reinforcing
component, steel meshes, which are placed in the concrete perpendicular to the acting load (parallel
to the tensile stress). Steel meshes in the mass of concrete act as analogues of fiber, but, in contrast,
have two significant advantages: they allow the joint operation of the entire volume of steel under
stresses and are also characterized by the correct orientation relative to the existing external load.
As a result, it is possible to increase the tensile strength of concrete and increase its plastic
deformation significantly.

Keywords: reactive powder concrete, dispersed reinforcement, steel meshes, fiber,
deformability.

Introduction. The deformability of building materials, in particular concrete, their ability to
resist mechanical influences largely depend on the flexural tensile strength. For concrete and
reinforced concrete structures, this index, as well as the ability to perceive load without loss of
bearing capacity can be provided in various ways, based on the increase of deformation-plastic
properties.

Analysis of recent researches and problem statement. There are various ways to increase
the deformability of concrete. One way to increase the deformation properties of concrete is to
impregnate concrete with various polymeric substances [1] or to introduce them into concrete
mixtures [2-3]. Thus formed concrete polymers or polymer cements are characterized by increased
flexural tensile strengths of 2...3 times as compared to the original concrete and correspondingly
increased marginal deformations. However, the disadvantage of this method is the complexity of
the technology associated with the need to pre-dry cured concrete and its subsequent impregnation
(preferably under vacuum) for several hours with polymeric solutions or monomers, which are
subsequently polymerized. In addition, the thermal stability of such concrete is significantly
reduced.

Another well-known way of increasing the deformation properties of concrete is the
introduction of 100 to 300 kg/m® of steel fiber into its composition [4-7]. Due to this, the tensile
strength in bending of the thus formed fiber reinforced concrete increases by 3...4 times and reaches
values of 15...18 MPa, and the relative limit deformations increase by 2 ... 3 times (up to 10...15-10™).
The disadvantage of this method is the complexity of the orientation of the steel fiber in the array of
concrete in parallel with the tensile stress and the inability to ensure the joint work of individual
fibers. This leads to inefficient use of the entire mass of the fiber and, as a consequence, the
potential loss of the possibility of increasing the values of deformation properties, in particular
plastic deformations.
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An additional increase in the deformation properties of concrete to obtain material with high
deformation properties can be achieved, in the so-called «reactive powder fiber reinforced concrete
(RPFRC)». The use of a concrete matrix with a maximum filler size of 1.25 mm and steel fiber in the
amount of 150...200 kg/m® is characteristic of such fiber reinforced concrete [8-10]. Due to the use of
fine fillers in this method it is possible to achieve a greater homogeneity of the concrete matrix, which
leads t40 an increase in flexural tensile strength to 20...25 MPa and values of boundary deformation to
15-10™.

However, for RPFRC, the achievement of high boundary deformation values is complicated
by the need for an oriented arrangement of the steel fiber in the concrete array in parallel with the
tensile stress and the inability of the individual fibers to work together.

Increasing the values of the deformation properties of concrete, in particular the flexural tensile
strength and ultimate deformation of concrete can be achieved if used as a reinforcing component, steel
meshes that are placed in the concrete perpendicular to the acting load (parallel to the tensile stress).
Steel meshes can be considered as an analogue of the ordered dispersed reinforcement.

Research objective. Investigation of the possibility of increasing the deformation properties
of concrete, such as flexural tensile strength and ultimate deformation by using steel meshes as a
dispersed reinforcing component.

Materials and research methods. Reactive powder concrete (RPC) of the following
composition was used, kg/m3: Portland cement class CEM 1 42.5 R — 700; ground sand (specific
surface area = 250 kg/m“) — 360; sand (0.16...1.25 mm) — 1130; polycarboxylate type modifier
Dynamon SP3 — 1.5%. The water/cement ratio of mixture was 0.28, the mixture workability
provided slump cone of 25 cm.

As a dispersed reinforcing component (fiber analogue), steel meshes made of steel type A 414
Grade A with square cells with a diameter of 0.8 mm and a step of 10 mm were used. A row of
meshes with a distance of 4 mm between them was placed in the mold with a size 16x9x4 cm. Next,
a concrete mixture was prepared for the RPC (C 70/85) and placed in the mold. After 24 h of normal
hardening, the specimens were processed and stored for 27 days at a temperature of (18 + 2) °C and air
humidity over 90% until testing. After that, the specimens were subjected to a flexural tensile test
according to the three-point scheme, and a load-strain diagram was also constructed.

Research results. Fig. 1 shows a load-strain diagram for specimen with 10 meshes. As can
be seen, the diagram shows a marked «plateau» of the stability of the load with a constant increase
in deformation (deflection). Obviously, this indicates the presence of high deformation-plastic
properties in the tested specimen.
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Fig. 1. Load-strain diagram for the RPC specimen with 10 meshes
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To evaluate the result, specimens of similar sizes were made on reactive powder and fine-
grained concretes, as well as with different contents of mesh and steel fiber (Table 1).

Table 1 — Mesh and dispersed reinforcement of the specimens

No. | Specimens (marking) | RPC | FGC | M-3 | M-5 | M-10 F FFGC | M-5F
1 Concrete (matrix) * RPC | FGC | RPC | RPC | RPC | RPC | FGC | RPC
2 Number of meshes - — 3 5 10 — — 5
3 Content of st%el mesh, B 3 16 70 140 B 3 3

kg/m
4 Content of stgel fiber, B 3 B B B 140 140 20
kg/m

* RPC - reactive powder concrete; FGC — fine-grained concrete.

As shown with the test results, specimens without dispersed reinforcement (Fig. 2, a) showed
rather low values of ultimate deformations (about 0.6 mm, with some preference for reactive
powder concrete). The nature of the fracture is fragile. This is shown by almost straight lines in the
diagram and was observed visually during the test.

Adding to the composition of the reactive powder and fine-grained concretes of steel fiber
leads to the expected increase in flexural tensile strength, but most importantly — there are
descending branches on the deformation curves (Fig. 2, b). This indicates an improvement in the
deformation properties of concretes due to dispersed fiber reinforcement.
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Fig. 2. Load-strain diagram for the reactive powder and fine-grained concrete specimens:
a — including steel fiber; b — without steel fiber

The best results for providing high deformation properties of concrete showed specimens
containing dispersed reinforcement in the form of meshes. The maximum breaking load is fixed in
the specimen containing 10 meshes and is characterized by a pronounced «plateau» of the load
constancy with a constant increase in deformation (Fig. 3).

Good results were also demonstrated with a specimen containing 5 meshes and fiber (M-5F).
For this specimen, the flexural tensile strength value is even higher than that of the 10-mesh
specimen (M-10). At the same time, the descending branches of the strains in the diagram are
significantly different, not in favor of the combined reinforcement option. Also different is the
nature of the destruction. Specimen M-10 looks less destroyed after the test (Fig. 4).
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Fig. 3. Load-strain diagram for the reactive powder concrete specimens
with different mesh content

Fig. 4. The appearance of specimens after the test (marking of specimens in accordance
with Table 1)

The positive effect of increasing the deformability of concrete due to the use of steel mesh as
a dispersed reinforcement is achieved as follows. Steel meshes in the mass of concrete act as
analogues of fiber, but, in contrast, have two significant advantages: they allow the joint operation
of the entire volume of steel under stresses and are also characterized by the correct orientation
relative to the existing external load. As a result, it becomes possible to increase the flexural tensile
strength of concrete and increase its plastic deformation significantly.

According to the results of additional studies, the optimal parameters of mesh dispersed
reinforcement are as follows: diameter of the mesh rods is 0.8...1.2 mm; mesh pitch 10...15 mm;
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the distance between the individual meshes 3... 10 mm; content of mesh in concrete (by weight)
75... 200 kg/m®.

The diameter of the mesh rods is taken similarly to the most common diameters of steel fiber.
If the diameter is less than 0.8 mm, it is necessary to increase the number of meshes in cross section
of the product or structure, and with a diameter of more than 1.2 mm — the total consumption of
steel per volume of concrete increases. A reduction in mesh pitch less than 10 mm increases the
consumption of steel and complicates the molding process, and an increase of more than 15 mm
reduces the efficiency of the reinforcing component.

Reducing the distance between the individual meshes less than 3 mm complicates the process
of fixing them in formwork or form, and also impairs the uniform distribution of the concrete
mixture. Increasing the distance of more than 10 mm results in a «layeredy effect of the structure or
product, which degrades the deformation properties.
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Fig. 5. Load-strain diagram:
1 — RPC specimen with 10 meshes; 2 — reactive powder fiber reinforced concrete

The content of mesh by weight is taken in accordance W|th the most common consumption of
steel fiber in concrete. Reducing the contents below 75 kg/m? does not provide the requwed values
of deformative properties, and an increase of more than 200 kg/m? leads to a significant increase in
the cost of the structure without a corresponding deformability increase.

To determine the effectiveness of dispersed mesh reinforcement, compare the test results of
the specimen M-10 W|th 10 meshes and similar in composition of concrete specimen F with a fiber
content of 140 kg/m®, which corresponded to the consumption of steel in the specimen M-10.

As can be seen from the diagram (Fig. 5), specimen M-10 has a flexural tensile strength of
32 MPa, which is 30% more than that of a specimen made using fiber (25 MPa). In addition, plastic
deformations increase substantially, increasing almost 5 times (4...4.5 mm vs. 0.5...1 mm), which
is reflected in the load-strain diagram.

Conclusions. The proposed method of reinforcing steel at comparable consumption per 1 m®
of concrete can replace at the same time both reinforcement with steel rods and dispersed fiber
reinforcement. Dispersed reinforcement of reactive powder concretes with metal meshes with
defined parameters can significantly improve their deformation properties, or at the same values
significantly reduce the cost of steel in concrete products and structures. Due to the above, a
significant economic effect can be achieved. It is also possible to use structures of such concretes in
responsible structures with high loads.
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AHoTtanisi. HaBeneHo pesynpratv JIOCHIIKEHb Je(OPMAaTHMBHUX BJIACTUBOCTEH peakIiiHO-
MOPOIIKOBUX OETOHIB 3 apMyBaHHSIM CTaJ€BUMM CITKaMHM, II0 BHCTYHAlOTh B POJI YIOPSAKOBAHO
pO3TaIlIOBaHOI JMCHEPCHOI apMmaTypu. BcraHOBieHO, 10 JMCIEpCHE apMyBaHHS peaKiiiHO-
MOPOIIKOBUX OETOHIB CTaJ€BUMH CITKaMU JI03BOJISIE CYTTEBO TMOKpPAIIUTH iX JAedopMariiiHi
BJIACTMBOCTI a00 MpU TUX K€ 3HAUYEHHSX CYTTEBO 3HU3UTU BUTPATU CTalll y OETOHHHX BUpoOax 1
KOHCTPYKITiSIX.

PeakuiiiHo-opomikoBi (hiOpoOETOHN MarOTh JOCUTh BUCOKI 3HAYEHHS TPAaHUYHUX JlepopMarliid.
OnHak MOJANBIIOrO MOKPAIEHHS IMX BJIACTHUBOCTEH NOCATHYTH JTOCUTh Baxko. lle mosicHIoeTbes
CKJIAJIHICTIO OpIEHTOBAHOTO pO3TAIllyBaHHS CTAJEBOrO BOJIOKHA B MacuBl OETOHY MapajesbHO
BUHHUKAIOYMM HaNPYXXSHHSIM TIPU PO3TATY Ta HE3ATHICTIO OKPEMHUX BOJIOKOH IPAIIOBATH CITLTHHO.

301UIbIIeHHS] 3HaYeHb J1e()OpPMAaTUBHUX BIIACTUBOCTEN OETOHY, a caMe I'paHMIIl MIIIHOCTI Ha
PO3TAT IpU 3THHI Ta TPAaHUYHUX JeopMaliil 6ETOHY MOXKHA TOCATHYTH, SIKIIIO BUKOPUCTOBYBATH B
SKOCTI apMyIO4YOro KOMIIOHEHTa, CTajleBl CITKH, SIKI PO3TAIIOBYIOTh B OETOHI MEPIEHAMUKYISIPHO
JII0YMM HaBaHTaXEHHSIM (IapajieIbHO BUHMKAIOUUM PO3TATYIOUMM HarpyskeHHsM). CTaneBi CITKH
MOYKHA PO3IIIAJATH SIK aHAJIOT YIIOPAJIKOBAHO PO3TALIOBAHOI AUCIIEPCHOI apMaTypH.

CrasieBi CiTKM B Maci O€TOHY BHCTYNAlOTh aHaJOraMM ITUCIIEPCHOTO BOJIOKHA, aje, Ha
poTHBary MOMy, MarOTh JIBI CYTTE€BI NEpeBaru: BOHU 3a0e3MeuyloTh CIUIbHY poOOTY BCHOTO
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00’eMy cTalli TpW BUHHUKAIOYMX HANpPYKEHHSIX, a TaKoXX XapaKTepU3YIOThCS NPaBUIBHOIO
OpI€HTAIl€I0 BIZIHOCHO ICHYIOUOTO 30BHIIIHBOTO HABAaHTAXEHHA. B pe3ynbraTi MOXKHA CYTTEBO
MIBUIIATH MIIHICTh Ha PO3TAT OETOHY Ta 30LIBIIMTH HOTO IIIACTHYHI AeopMarlii.

JlucriepcHe apMyBaHHS PEaKIiHHO-TIOPOIIKOBUX OSTOHIB METAIEBUMH CITKAMH 3 BU3HAYCHUMH
napaMeTpamMH JIO3BOJISIE CYTTEBO TOKpAIIUTH ix aedopMarliifHi BIACTUBOCTI, a00 TMpPHU TUX Ke
3HAQUEHHSAX CYTTEBO 3HM3UTH BHUTPAaTH CTajdl y OETOHHHMX BHPOOaX 1 KOHCTPYKIIAX. 3a paxyHOK
BUIIIECKA3aHOTO MOXKE JIOCSATATHCS 3HAYHUH eKOHOMIYHUH ehekT. Takoxk crae MOMKIIMBUM KOHCTPYKITIT
13 Takux OETOHIB 3aCTOCOBYBAaTH Yy BIINOBIIAIBHUX CHOPYAaX, IO WIIAIOTHCA 3HAYHUM
HABaHTAKCHHSIM.

KurouoBi ciioBa: peakiiiiiHO-MOPOIIKOBUI OETOH, TUCIIEPCHE apMyBaHHS, CTajJeBl CITKH,
¢i6pa, neopMaTUBHICTB.
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AnHotanus. [TpuBeneHsl pe3yabTaThl UCCIEIOBAaHUN Je(OPMATUBHBIX CBOWCTB PEaKIIMOHHO-
[IOPOLIKOBBIX OETOHOB C AapMHUpPOBAaHHWEM CTaJIbHBIMM CETKAaMM, BBICTYNAIOUIMMU B POJIH
YIHOPSAOYEHHO  PACIOJIOKEHHOM — JMCHEPCHOM  apMaTypbl. Y CTAaHOBJIEHO, 4YTO  JUCIIEPCHOE
apMUPOBAHUE PEAKIMOHHO-TIOPOLIKOBBIX OETOHOB CTAJbHBIMU CETKAaMM II03BOJIIET CYLIECTBEHHO
YAYYLIIUTh UX Je(QOpMallMOHHBbIE CBOWCTBA WM, IPU TEX K€ 3HAYCHUSX, CYIIECTBEHHO CHU3UTH
pacxoj cTajiu B OETOHHBIX M3JIENUSIX U KOHCTPYKLIMSX.

PeaknnoHHO-TIOpOLIKOBBIE (PUOPOOETOHBI UMEIOT JJOCTATOYHO BBICOKHE 3HAYECHUS MpPEJeIbHbIX
nedopmanuii. OHAKO JaTbHEHIEro yIydIIeHUs 3TUX CBOMCTB JOCTHYB JIOCTATOYHO TPYAHO. DTO
00BSACHSIETCS CI0KHOCTBIO OPUEHTHPOBAHHOT'O PACHIOIOKEHHS CTAJIBHOTO BOJIOKHA B MacCcUBe OETOHA
MapayieIbHO BO3HUKAIOIIMM HANpSHKEHUEM TpU PACTSDKEHMM M HECHOCOOHOCTBIO OTAEIBHBIX
BOJIOKOH pab0TaTh COBMECTHO.

VYBenuyeHnue 3HayeHUH aeOpMaTUBHBIX CBOMCTB O€TOHA, a UMEHHO Mpenena MPOYHOCTH Ha
pacTshKeHue Mpu U3rude U npeaenbHbIX AedopManyii 0eToHa MOYKHO JIOCTUYb, €CIIH UCIIOIb30BATh B
Ka4yecTBE apMHUPYIOIIEr0 KOMIIOHEHTA, CTAJIbHBIE CETKH, pacriojiaraéMble B O€TOHE NMEePHEHTUKYISPHO
JEUCTBYIOIMM Harpy3kam (IapajulelbHO BO3HUKAIOIIMM PacTATUBAIOIIUM HanpspkeHUsM). CralibHble
CETKH MOKHO pacCMaTpUBaTh KAK aHAJIOT YIIOPSIOYEHHO PACIIONOKEHHON JUCIIEPCHON apMaTypBl.

CranbHble CeTKH B MacCHBE O€TOHA BBICTYMAIOT aHAJOTAMH JUCIIEPCHOTO BOJIOKHA, HO, B
IIPOTUBOBEC €My, MMEIOT [Ba CYIIECTBEHHBIX INPEUMYIIECTBA: OHM OOECHEYMBAIOT COBMECTHYIO
paboTy Bcero oObeMa cTald NpPU BO3HUKAIOIIMX HANPSHKEHHMAX, a TaKXkKe XapaKTepU3yIOTCs
MPaBUJILHON OPHEHTALIME OTHOCHUTEIBHO CYILECTBYIOIIECH BHEIIHEW Harpy3ku. B pesynbrare
CTaHOBMTCSI BO3MOKHBIM CYILIECTBEHHO MOBBICUTH NPOYHOCTH OETOHA Ha PACTSHXKEHHE U YBEIMYHUTH
€ro IiacTHYecKue aeopmarum.

JlicriepcHOe apMHpPOBAHUE PEAKLMOHHO-TIOPOIIKOBBIX OETOHOB METAIMYECKUMM CETKAMHU C
OTpeJIeIEHHBIMH MTapaMeTpaMH MO3BOJISIET CYIIECTBEHHO YIYUIINUTh UX J1eOpMallMOHHbIE CBOWCTBA,
WIM TpU TEX JK€ 3HAYCHUSAX CYIIECTBEHHO CHM3MTh pAcXoJi CTAIM B OETOHHBIX H3ACIHAX H
KOHCTPYKLMSAX. 3a CYET BBIIIECKA3aHHOIO MOXKET JOCTHUTaTbhCs 3HAUMTEIBHBIA SKOHOMHUYECKHUM
spdekr. Tarxke CTAHOBUTCS BO3MOXKHBIM IPUMEHATh KOHCTPYKIIMM M3 TakuMX OETOHOB B
OTBETCTBEHHBIX COOPYKEHUSIX, [TOJIBEPratOIMXCsl 3HAUNTEIbHBIM Harpy3KaM.

KiroueBble cjioBa: peakiiMOHHO-TIOPOIIKOBBIM OETOH, IMCIIEPCHOE apMHUPOBAHKE, CTAJIbHBIE
ceTku, pudpa, 1eopMaTUBHOCTD.
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