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Abstract. The article presents a comparative analysis of the type of dispersed reinforcement
effect with steel fiber produced by «Stalkanat-Silur» (50 mm length, 21 mm) and polypropylene
fiber «Baumesh» produced by BAUTECH-Ukraine LLC (36 mm length, 0.68 mm) on physical
and mechanical properties and failure mode of fiber-reinforced concrete samples for cement
concrete pavements and industrial floors. The indicators of strength and durability as one of the
most important concrete properties for pavement structures, that are constantly operate under the
influence of high dynamic loads were determined. The possibility of using the studied compositions
of concrete with structural fiber of different types is analyzed.

All concrete mixtures had equal workability S4. For fiber-reinforced concrete mix
preparation, Portland cement ITI II/A-I1I-500 (CEM II/A-S 42.5 R), crushed stone 5-20 mm and
sand with a fineness modulus of 2.75 were used. Polycarboxylate superplasticizer MC-PowerFlow
3200 was used to achieve the required workability of fiber concrete mixtures.

It has been established that the use of dispersed reinforcement increases the concrete
compressive strength by 13-16%, flexural strength increases by 30-31%, and the abrasion resistance
decreases by 31-39%. The use of dispersed reinforcement with «Baumesh» polypropylene fiber in
an amount of up to 3 kg/m® makes it possible to increase the compressive and flexural concrete
strength and also to reduce its abrasion resistance on the same scale as the use of dispersed
reinforcement with steel anchor fiber «Stalkanat-Silur» up to 25 kg/mg. In this case, from an
economic point of view, the use of polypropylene fiber is more appropriate.

The optimal content of dispersed reinforcement to increase the strength and abrasion
resistance in the fiber-reinforced concrete composition was determined. The fiber-reinforced
concrete compositions with steel and polypropylene fibers of compressive strength grade C25/30,
and flexural strength grade By, 3.6, with an increased abrasion resistance were obtained.

Keywords: industrial floors, road pavements, modified fiber concrete, polypropylene fiber,
steel fiber.

Introduction. One of the most demanding in terms of physical, mechanical and operational
characteristics of building structures are cement-concrete coatings of roads and industrial floors,
which operate under conditions of high dynamic loads.

Industrial floor — a building structure operated under different types of loads and influences,
which should provide a quality surface for the production process and comfortable, safe human
activities. According to [1] the floor should be arranged taking into account the reliability and
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durability of the accepted structure in accordance with the design and climatic conditions of
construction, rational consumption of building materials with the fullest use of their physical and
mechanical properties. Concretes of classes C32/40, C25/30, C20/25 and C12/15 can be used for
such constructions depending on the intensity of loads.

Cement-concrete pavement is an elastic base slab, which should be made of heavy concrete
[2] with high tensile strength, bending resistance, abrasion resistance, frost resistance and corrosion
resistance. According to [3] for the preparation of concrete mixtures of road surfaces it is necessary
to use local construction materials and new modern road construction materials, in particular
different types of fiber [4, 5]. W/C ratio for concrete of the upper layers of two-layer and single-
layer pavements should be in the range of 0.4-0.55. As binders it is allowed to use cements of types
of CEM | and CEM 1l (in particular CEM 11/A-S). To reduce the amount of water in concrete
mixtures, it is recommended to use additives superplasticizers based on polycarboxylates, melamine
or naphthalenesulfonate formaldehyde, or lignosulfonates. According to the requirements of [6],
road cement concrete can be used in compression classes from C12/15 to C50/60 and tensile classes
in bending from By, 2.0 to By, 6.0, depending on the category of roads and design requirements. The
rate of strength of road cement concrete for the upper layers of two-layer and single-layer coatings
on the 7th day of natural hardening should not exceed 80% of the grade strength. The minimum
mark on frost resistance of concrete of the top layer of road coverings across all territory of Ukraine
makes F200. Water absorption for cement concrete of single-layer and upper layers of two-layer
coatings should not exceed 4%. Acceptable marks on abrasion are G1-G3. This is due to the fact
that abrasion largely determines the durability of pavements.

Analysis of research and publications. The analysis of literature sources shows that to
achieve the normative levels of the above physical and mechanical properties of concrete for hard
pavements of roads and industrial floors today disperse reinforcement with different types of fiber is
actively used [7, 8]. Fiber helps to increase the tensile strength of concrete in bending and wear
resistance. At the same time metal fiber is one of the most effective for dispersed reinforcement of
concretes which are exposed to dynamic influences. However, due to rising prices for metal products,
and hence for the derivative product, such as steel fiber of various types — anchor, corrugated, with
flattened ends, etc., the problem of using dispersed fibers from cheaper materials, such as polymers.
Depending on the type of polymer fiber, investigations show a generally positive effect on both the
strength [9-13] and a number of other characteristics of cement concrete, in particular reducing the
penetration of chlorine ions [10] and increasing adhesion to the concrete base [13].

Formulation of the problem. The purpose of this study is a comparative analysis of the
strength and abrasion of fiber concrete using different types of structural fiber, namely steel from
the Ukrainian manufacturer and polypropylene fiber "Baumesh” from LLC "BAUTECH-Ukraine".

Materials and methods of research. For the preparation of fibrous concrete was used
Portland cement CRH CEM II/A-S 42.5 R, as a large aggregate was crushed stone fraction of 5-20
mm, fine aggregate was quartz sand with a modulus of 2.75. Polycarboxylate superplasticizer MC-
PowerFlow 3200 was used to achieve the required ease of laying of concrete mixtures. Two types
of fiber were used for dispersed reinforcement of the studied concretes: steel anchor fiber produced
by Stalkanat-Silur, 50 mm long and 1 mm in diameter; polypropylene fiber "Baumesh"” 36 mm long
and 0.68 mm in diameter. The grade of ease of laying of all investigated mixtures was S4 (cone
draft 17-18 cm) at a constant W/C 0.5. C20/25 concrete without dispersed reinforcement was used
as a control composition. Ensuring uniform distribution of fiber in the volume The capacity of the
concrete mixture was performed according to [14]. The compositions of the studied fiber concretes
are given in Table 1. The amount of steel fiber in the concrete varied from 15 to 25 kg/m®,
polypropylene — from 2 to 3 kg/m®, which corresponded to the recommendations of the
manufacturers of dispersed fibers.

Compressive strength at the age of 7 and 28 days and tensile strength at bending at the age of
28 days were determined for all investigated compositions of concrete and fiber concrete according
to [15], and wear resistance tests were performed according to the method [16].
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Table 1 — Compositions of the studied fiber concretes

g ¥ E El g
g = 8159 % |TEE\FgE cE® 7
5 3 3 3|=®
1 | Basic composition C20/25 780 — — 3.40
Composition with Baumesh
2 3 2.0 -
2 kg/m 778
3 Composition with Baumesh 1110 95 B 408
2.5 kg/m? ' '
Composition with Baumesh
4130 kg/m?® 360 i 3.0 B 0.5
Composition with steel fiber
5 15 kg/m’ 1105 770 - 15.0
6 ggrl?gp/c;:étlon with steel fiber 1103 767 3 20.0 364
Composition with steel fiber
7 25 kg/m?® 1102 763 - 25.0

Cube specimens with a rib length of 100 mm were made to study compressive strength, 400 x
100 x 100 mm prisms were made to test tensile bending, and cube specimens with a rib length of 70
were made to determine abrasion indices from these cube specimens mm, as the maximum size of
the filler 20 mm did not allow the formation of samples [15] immediately in the form with the
appropriate length of the rib.

Research results. During the experimental studies, data were obtained on the physical and
mechanical properties of the control composition of concrete and fiber concrete with different types
of fiber.

As can be seen from table 1, at a constant value of W/C 0.5 to achieve the required grade of
easy-laying concrete mixture S4 control composition (Nel), fiberglass dispersion-reinforced
polypropylene fiber (Ne2-Ne4) and compositions with steel fiber reinforcement (Ne5-Ne7) the
required amount of superplasticizer was 3.4 kg/m® (0.944% by weight of cement), 4.08 kg/m®
(1.133% by weight of cement) and 3.64 kg/m® (1.011% of mass of cement). The increased
consumption of superplasticizer in fiber concrete mixes with use of polypropylene fiber is explained
by the fact that on unit of volume of concrete mix much more polypropylene fibers, than steel are
necessary. This hindered the achievement of the design workability and required an increase in the
dosage of the superplasticizer.

Table 2 shows the obtained strength characteristics of the studied concretes and fiber concretes.

The average density of the studied concretes and fiber concretes was in the range of 2410-
2440 kg/m®, the concrete of the control composition corresponded to the design class for
compression C20/25.

At the age of 7 days (Fig. 1), the control composition (Nel) had a compressive strength of 28.9
MPa, which for an early age corresponds to the concrete class C16/20. Samples of fiber concrete (Ne2)
and (Ne3) with polypropylene fiber had a compressive strength of 29.5 and 31.4 MPa, respectively,
which also corresponds to the concrete class C16/20. Fiber concrete samples (Ne4) also with
polypropylene fiber reached a compressive strength of 32.2 MPa. So at the age of 7 days samples
fiber concrete (Ned4) corresponded to the design class C20/25. In turn, the samples fiber concrete
(Ne5) with a steel fiber content on the 7th day of hardening had a compressive strength of 30.9 MPa,
i.e. conditionally belonged to class C16/20. Samples of fiber concrete (Ne6) and (Ne7) with steel
fiber for 7 days reached a compressive strength of 32.1 MPa and 33.3 MPa, respectively, and
already at this age correspond to the design class of concrete C20/25.
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Table 2 — Compressive and tensile strength in bending of the studied fiber concrete
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1 | Basic composition C20/25 28.9 35.6 3.53 2415
2 | Composition with Baumesh 2 kg/m’ 29.5 38.8 4.49 2425
3 | Composition with Baumesh 2.5 kg/m® 314 39.8 4.58 2420
4 | Composition with Baumesh 3.0 kg/m® 32.2 41.8 4.72 2415
5 | Composition with steel fiber 15 kg/m® 30.9 39.4 4.47 2435
6 | Composition with steel fiber 20 kg/m® 32.1 42.0 4.59 2410
7 | Composition with steel fiber 25 kg/m® 33.3 43.1 4.75 2440

After 28 days of curing (Fig. 1) control the composition (Nel) corresponded to the design
class C20/25 and had a compressive strength of 35.6 MPa. In turn, all fiber concretes with
polypropylene fiber for 28 days had a strength corresponding to the concrete class C25/30 and
depending on the amount of fiber had a compressive strength in the range of 38-41 MPa. Fiberglass
reinforced with steel fiber also reached the concrete class C25/30 at the design age and, depending
on the amount of fiber, their compressive strength was in the range of 39-43 MPa. The consumption
of cement per 1 m® of fiber concrete was similar in composition (Nel).

The obtained research results allow us to note that the use of different types of fiber has a
positive effect on the compressive strength of fiber concrete. All studied fiber concretes at the
design age had a strength that provides one class higher compared to the control composition. The
use of polypropylene fiber on average increased the compressive strength of fiber concrete
compared to the control composition by 7.6% at the age of 7 days and by 12.6% at the age of 28
days. The strength of fiber concrete with steel fiber at the age of 7 days exceeded the compressive
strength of the control composition by an average of 11.3%, and at the age of 28 days — by 16.4%.
In Fig. 2 shows the difference in the nature of the destruction of samples of concrete and fiber
concrete.
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Fig. 1. Compressive strength of concrete at the age of 7 and 28 days
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Fig. 2. The nature of the destruction of samples of classical and dispersed reinforced concrete:
a — concrete without dispersed reinforcement; b — fiber concrete using fiber "Baumesh”;
¢ — fiber concrete using steel fiber

The obtained fiber concretes are effective when used for the installation of cement concrete
pavements and industrial floors, depending on their design requirements.

Tests of fibrous concrete for tensile strength in bending were carried out at the age of 28 days
(Fig. 3). Strength of control concrete composition (Nel) was 3.53 MPa, which corresponds to the
class By, 2.8. Fiber concretes with polypropylene fiber (Ne2-Ned4) had a tensile strength in bending
from 4.49 MPa to 4.72 MPa (class By, 3.6), i.e. were characterized by tensile strength in bending on
average 30.2% higher strength of the control composition. Fiber concretes with steel fiber (Ne5-Ne7)
achieved tensile strength in bending from 4.47 MPa to 4.75 MPa (class By, 3.6), which is on average
30.4% higher than the concrete of the control composition.

In Fig. 4 shows the difference in the nature of the destruction of samples of concrete and fiber
concrete in the tensile test under bending. Analyzing the image, it can be noted that the control
sample of concrete without fiber has a fragile type of fracture, while the disperse-reinforced sample
is not completely destroyed in the compressed cross-sectional area.
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Fig. 3. Tensile strength of bending concrete

Q)

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2022, no. 87, page 76-84



BUILDING MATERIALS AND TECHNIQUES

Fig. 4. The nature of the destruction of samples not modified (left)
and dispersed reinforced concrete (right) after tensile bending test

In fact, the compressive and tensile strength in bending of concretes with steel fiber (Ne5-Ne7)
did not differ from the strength of concretes with propylene fiber (Ne2-Ned4). The difference in
strength did not exceed 4%. However, it should be taken into account that fiber concretes with
significantly different fiber contents are compared: up to 3 kg/m* for Baumesh polypropylene fiber
and up to 25 kg/m?® for steel anchor fiber. Given the rising prices for steel products, the use of
polypropylene fibers may be more appropriate.

Wear resistance or abrasion is an important indicator of concrete, especially for pavements
and industrial floor slabs, which are constantly under the influence of external forces from cars,
forklifts, etc. In Fig. 5 shows the manufactured samples for testing. Table 3 shows the data on wear
resistance (abrasion) of the studied compositions of concrete and fiber concrete.

Analyzing the obtained data (Fig. 6), we can note the positive effect of dispersed
reinforcement on the wear resistance of fiber concrete. The control composition (Nel) according to
the current DSTU 8858:2019 is not allowed for the installation of cement-concrete pavements, as its
abrasion is 0.52 g/cm? with a permissible 0.5 g/cm? [2].

Fig. 5. Made cube samples with a rib length of 70 mm for abrasion test

Table 3 — Indicators of abrasion of the studied concrete and fiber concrete

Ne investigated
concrete/fiber concrete 1 2 3 4 5 6 7
composition
Abrasion, g/cm’ 0.52 0.42 0.37 0.34 0.44 0.40 0.36
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Fig. 6. The abrasion index of the studied samples of concrete and fiber concrete

As the number of fiber fibers of both types increases, the wear resistance of concrete
increases, i.e. abrasion decreases. Thus, it decreases by an average of 39% when using
polypropylene fiber produced by Baumesh, depending on its quantity, and by 31% when using steel
fiber produced by Stalkanat-Silur. Consumption of polypropylene fiber in the amount of 2 kg/m®,
steel fiber 15 kg/m® and 20 kg/m® allows to obtain fiber concrete with abrasion grade G3, and
consumption of polypropylene fiber 2.5 and 3 kg/m?® or steel fiber 25 kg/m?® allows to receive fiber
concrete with the G2 abrasion mark.

The best wear resistance of fiber concrete with the use of polypropylene fiber is due to its
better adhesion to the concrete matrix, which was observed in tests of flexural strength. Due to the
lower adhesion of steel fiber to the concrete matrix under abrasion loads, steel fibers are "released"
from the concrete mass, while polypropylene remains in it and gives greater resistance to wear of
the composite [17-19].

Conclusions. Disperse reinforcement using both Stalkanat-Silur steel anchor fiber and
Baumesh polypropylene fiber has a positive effect on compressive strength, tensile strength in
bending and wear resistance of the studied concretes.

Compared with the control composition when used in the composition of steel fiber
compressive strength of concrete at the age of 7 days increases by 11.3%, when using
polypropylene fiber — by 7.6%. On the 28th day, the increase in compressive strength of fiber
concrete with dispersed reinforcement with steel anchor fiber is 16.4%, and with polypropylene
fibers — by 12.6%. The use of steel fiber increases the tensile strength in bending at the age of 28
days by 30.4%, and fiber concrete composites with polypropylene fiber — by 30.2%. Thus, the
studied physical and mechanical properties of fiber concrete with polypropylene fiber do not differ
significantly from similar indicators for fiber concrete with steel fiber.

Compared with control samples of concrete when used in steel fiber abrasion of concrete
decreased by 0.08-0.16 g/cm? (31%), when using polypropylene fiber — by 0.1-0.18 g/cm? (39%).

In general, the use of dispersed reinforcement with polypropylene fiber "Baumesh™ in the
amount of up to 3 kg/m® can increase the compressive and tensile strength of concrete in bending,
as well as its wear resistance on the same scale as the use of dispersed reinforcement with steel
anchor fiber "Stalkanat-Silur “in the amount of up to 25 kg/m®. In this case, from an economic point
of view, the use of polypropylene fiber, which has a much lower cost compared to steel, is more
appropriate.

The obtained compositions of fiber concrete can be used for the installation of rigid cement
concrete coatings and concrete industrial floors.
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AHoTauis. B craTTi HaBeqeHNIi MOPIBHSUIBHUHN aHaJi3 BIUIMBY THITY TUCIIEPCHOTO apMyBaHHS
CTAJICBOI0 Ta TMOJIMpONiacHOBOK (iOporo Ha (Hi3WKO-MEXaHIYHI BJIACTUBOCTI Ta XapakTep
pyiHYyBaHHS 3pa3kiB (piOpOOETOHIB IS BIAIITYBAaHHS IEMEHTOOETOHHUX JOPOXKHIX MOKPUTTIB Ta
MOKPUTTIB MIPOMHUCIIOBUX Mmiajior. BukopucroByBanacs craneBa (pibpa BupoOHuiTBa «CraabKkaHaT-
Cinyp» (moBxmua 50 mwm, miametp 1 MM) Ta momimpomineHoBa ¢ibpa «Baumesh» Bix TOB
«BAYTEX-VYkpaina» (noBxuna 36 MM, giametp 0,68 MMm). Busnauamacs MIIHICTh Ha CTHCK 1 Ha
pO3TAT TIPH 3TWHI, a TAKOXX CTUPAHICTh OETOHY, SK OJHI 3 BAKIMBIIIMX MMOKA3HUKIB SKOCTI JUIs
MaTepiajly 3a3HaueHMX KOHCTPYKLiH, IO MOCTIHHO 3HAXOAATHCS MiJl BIUIMBOM BHMCOKHX
JTUHAMIYHAX HaBaHTaXeHb. [IpoaHai3oBaHa MOMIIMBICTH BUKOPUCTAHHS JOCIIDKYBAHUX CKJIAJIIB
OETOHIB 3 BUKOPUCTAHHSIM KOHCTPYKTUBHOT (hiOpH Pi3HOTO THUITY.

Bci GeToHHI cymilll Maiu piBHY JierkoykiaaanbHicTh S4. Jlng npurotyBaHHs (10poOEeTOHIB
BukopucrtoByBascs noprianainement CRH ITL II/A-I1I 500 P-H, me6inb gpakuii 5-20 MM 1 micok 3
MozayneM kpymHocTi 2,75. IMomikapOokcunathuii cynepruiactudikarop MC-PowerFlow 3200
BUKOPHUCTOBYBABCS JUIs JIOCATHEHHS HEOOX1AHOT JIETKOYKIIaAaIbHOCT1 (piOpOOETOHHUX CyMilIeH.

BcranoBiieHo, 110 3a paXyHOK JHCIIEPCHOTO apMyBaHHSI MIIHICTh O€TOHY Ha CTHCK 3pOCTa€
Ha 13..16%, MinHicTh Ha po3Tsar npu 3ruHi Ha 30..31%, a ctupanicTe 3HMWKYeThes Ha 31..39%.
BuxopucTtanss AucrnepcHOro apMyBaHHS IMOJINPONUIEHOBOW (i0poro «Baumesh» y KibKOCTI 10
3 kr/m° JI03BOJISI€ MIJBUIIUTH MIIHICTh OETOHY Ha CTHUCK Ta Ha PO3TAT MPH 3TUHI, a TAKOXK HOTO
3HOCOCTIMKICTh y TOMY K MacluTadi, sIK 1 BUKOPUCTaHHS nncnegCHoro apMyBaHHS CTaJIEBOIO
aHkepHoto (i0poro «CrambkaHaT-Cinmyp» y KuibKocTi g0 25 kr/m”. Ilpu 11boMy 3 €KOHOMIYHOi
TOYKH 30py BUKOPUCTAHHSI MOJINPOINLIEHOBOI (h10pH € O1IbII JOIIIBHUM.

Bu3HayeHO onNTUMaNbHUM BMICT JUCIIEPCHOTO apMyBaHHSA y ckiaaji ¢iOpoOeToHiB uis
MIJIBUIIICHHS. TIOKa3HUKIB MIIHOCTI Ta 3HOCOCTiMKocTi. OTpumano ckiaau (iObpoOeToHiB 3i
CTaJIeBOIO Ta TMOJjinpornijeHoBow ¢idporo kimacy C25/30 3a minHICTIO Ha CTUCK, Ta By 3,6 3a
MIIHICTIO Ha PO3TAT MPH 3THHI, 3 MiIBUIIEHUM IMTOKa3HUKOM 3HOCOCTIMKOCTI.

Kiro4oBi c10Ba: MOKpUTTS aBTOMOOUIBHUX JOPIT, MPOMHUCIOBI HiAJIOTH, MOANW(DIKOBAHHMA
¢$hi6pobetoH, mominporrisienoBa (idpa, cranesa ¢idopa.

Cratta Haaidnua o penakuii 8.05.2022
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