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Abstract. Laboratory bending tests of concrete and steel-fiber-concrete prisms were carried
out. The concrete matrix for all prisms is made of a concrete mixture of the same composition with
a coarse aggregate size up to 10 mm and a water-cement ratio that allows correct mixing of the
ready mixture with fiber, so that the latter is evenly distributed over the sample volume. Fiber
reinforcement is 1% for all three types of fiber, a fiber made of the same steel with an ultimate
strength of 1335 MPa, fiber length 50 mm, diameter 1 mm is used. Fibers differ only in shape,
which makes it possible to compare test results across series without correction factors. Concrete
samples without fiber are considered as control samples.

As a result of laboratory tests, data sets were obtained and analyzed, which are presented in
the form of diagrams. Different types of steel fiber show different increases in the load at the
beginning of cracking and load-bearing capacity. The most profitable from this point of view is the
addition of anchor fiber to concrete, the least — wave fiber. However, the presence of any of the
considered steel fibers in the mixture significantly increases the load-bearing capacity of the
sample. In addition, the type of destruction of such a sample changes from brittle to viscous.

We also studied the deformability of samples with different fiber reinforcement and plotted
the dependence of the relative longitudinal strain on the load. Before the crack formation begins,
there is a direct proportionality between the load and the strain with the appearance of cracks, the
slope of the graphs changes sharply. When the load-bearing capacity is lost, steel fiber-reinforced
concrete samples are restrained from final destruction.

The use of steel fiber in concrete on average increases the crack resistance by 40%, and the load-
bearing capacity by 64%. Compared with samples without fiber reinforcement, samples with anchor
fiber show an increase in load-bearing capacity by 89%, and crack resistance by 61%. When using
flattened fiber, these values are 56% and 32%, and for wave fiber — 47% and 25%, respectively. The
use of steel fiber in the manufacture of concrete mix avoids the brittle nature of destruction.
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Introduction. Today, concrete remains the most popular material in the construction industry.
Unfortunately, for all its positive qualities, it is quite easily susceptible to fragile destruction. The
use of fiber allows you to change the nature of the destruction process. Unlike conventional
concrete, in which this process occurs almost instantly, there is no brittle destruction in fiber
concrete, and the sample continues to resist the load, and the nature of the destruction changes from
brittle to viscous.

Recent researches analysis. In foreign countries, fiber reinforcement has long been used to
increase the viscosity of the concrete mix. In [1], the influence of various reinforcing elements on
the strength characteristics of fiber concrete was studied. The influence of fiber parameters,
including material, fiber shape, and the percentage of fiber reinforcement on compressive, axial,
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and flexural strength is considered. It was concluded that it is optimal to use steel fiber with curved
ends, as well as a mixture of polymer and steel fibers in a certain ratio, which allows you to increase
the class of the material for compression and bending.

In [2], the behavior of samples with different fiber reinforcement of concrete under load is also
considered and a recommendation is given to use steel fibers to increase the bending strength in those
reinforced concrete structures in which the control of concrete cracking is particularly important.

The influence of the optimal percentage of steel fiber on the bending behavior of beams was
studied in the article [3]. Tests have shown that 1% volume reinforcement with fiber with curved
ends with a diameter of 0.75 mm and 50 mm long allows you to increase the load before the first
crack appears, as well as the bending strength.

In the study [4], the main attention is paid to the influence of fibers on the mechanical
properties of steel fiber — compressive strength, tensile strength under axial loading, and tensile
strength under bending. The results show a significant increase in tensile strength and bending
strength for fiber reinforced concrete with anchor fiber; the resulting load-strain diagrams are
presented and summary recommendations are given.

As shown by experimental data [5], the best bending characteristics are found in samples
reinforced with steel fiber. In this work, three types of fibers (polymer, glass, and steel) were used in a
special concrete matrix with three different volume fractions: 2, 4, and 6%. The results of the bending
and stretching tests were compared with each other to find a correlation between the two tests.

Interesting tests were conducted by the authors [6]. This research was mainly focused on the
influence of the type and shape of steel fibers on the mechanical properties of concrete, with
particular attention paid to the issue of maximizing the strength of steel fiber. For this purpose, in
order to avoid pulling the fiber out of the concrete during loading, a geometrically closed form of
the fiber is proposed instead of a linear one.

Domestic and foreign authors are engaged in research on this issue [7-14], but there is still not
enough statistical data in this area for the reason that tensile tests during bending are carried out
using similar, but still different loading schemes, which complicates the comparison of results.
Therefore, laboratory tensile tests for bending prisms made of steel fiber are relevant.

The purpose of this work is a laboratory study of the effect of the type of steel fiber on the
strength and deformative properties of steel fiber concrete.

Materials and methods. A series of 100x100x400 prism samples are made of C20/25
concrete according to [15]. The zero series consists of concrete samples from a mixture of optimal
composition [16], the first, second, and third series contain fibers of different steel fibers (Fig. 1).
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Fig. 1. Types of steel fiber used:
a — anchor; b — flattened; ¢ — wave
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The tests were carried out according to the scheme shown in Fig. 2. To measure deformations
on the samples, hour-type indicators were fixed with a base of 20 cm on one side surface and with a
base of 10 cm on the other in the zone of pure bending. The vertical load was applied using a jack,
its value was determined by a dynamometer.

Fig. 2. Test scheme

During the tests, the load, deformation of the sample, as well as the moment of the beginning
of crack formation were recorded. For samples with fiber, the parameters of cracks, their height and
width of opening were measured.

Research results. Laboratory tests of concrete and steel fiber-reinforced concrete prisms for
bending were carried out. The concrete matrix for all prisms is made of a concrete mixture of the
same composition with a large aggregate size of up to 10 mm and a water-cement ratio that allows
correct mixing of the finished mixture with fiber for its uniform distribution over the sample
volume. Fiber reinforcement is 1% for all three types of fiber, using fiber made of the same steel
with a temporary resistance of 1335 MPa, fiber length of 50 mm, diameter of 1 mm. Fibers differ
only in their shape, which allows you to compare test results by series without correcting
coefficients. Concrete samples without fiber are considered as control samples.

As a result of laboratory tests, data sets were obtained and analyzed, which are more clearly
presented in the form of diagrams.

Thus, Fig. 3 and Fig. 4 show that different types of fiber show different increases in the load
at the beginning of crack formation and load-bearing capacity, although the trend for the series
remains. The most profitable from this point of view is the addition of anchor fiber to concrete, the
least — wave fiber. However, the presence of any of the considered steel fibers in the mixture
significantly increases the load-bearing capacity of the sample. In addition, the type of fracture such
a specimen changes from brittle to viscous, that is, if the control concrete prisms the beginning of
cracking load and breaking load is the same value, for fiber-reinforced concrete load-bearing
capacity from the load at the beginning of cracking is characterized by 17-18%, regardless of the
form of fiber.
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Fig. 3. Load corresponding to the beginning of crack formation of samples in series depending on
the type of fiber:
1 —anchor; 2 — flattened; 3 — wave
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Fig. 4. Load-bearing capacity of samples by series depending on the type of fiber:
1 —anchor; 2 — flattened; 3 — wave

If you compare different types of fiber with each other, the advantage of the first option
becomes obvious. From this we can conclude that it is advisable to use anchor steel fiber in
structures.

Any fiber reinforcement from the considered ones has a positive effect on the strength
characteristics of concrete. Figure 5 shows the average values for a series of samples with fiber in
comparison with zero reinforcement. The use of steel fiber on average increases the load of the
beginning of cracking by 40%, and the load-bearing capacity — by 64%.
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Fig. 5. Load corresponding to the beginning of crack formation and loss of load-bearing capacity of
samples in series, depending on the presence of fiber

The same analysis was performed separately for the types of fiber (Fig. 6). Relative to a series
of samples without fiber reinforcement, samples with anchor fiber show an increase in load —
bearing capacity by 89%, and crack resistance by 61%. When using flattened fiber, these values are
56% and 32%, and for wave fiber — 47% and 25%.
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Fig. 6. Load corresponding to the beginning of crack formation and loss of bearing capacity of
samples depending on the presence and type of fiber:
0 — concrete sample without fiber; 1 — anchor; 2 — flattened; 3 — wave

Also studied the deformability of specimens with different fiber reinforcement and plots of
relative longitudinal strain from the load (Fig. 7). Prior to the beginning of cracking there is a direct
proportionality between load and deformation with cracking the slope of the graphs changes
dramatically, but reinforced with steel fiber samples are not destroyed. When the load increases, cracks
open, and the deformation increases up to the loss of load-bearing capacity.
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Fig. 7. Relative deformation of samples depending on the type of fiber:
1 — anchor; 2 — flattened; 3 — wave

But even if the load-bearing capacity is lost, steel-fiber concrete samples, unlike concrete
ones, do not break up into two parts, and each remains a single whole, since it is kept from final
destruction by fibers, as can be seen in Fig. 8.

Figure 8. Fiber-Reinforced concrete samples after loss of load-bearing capacity:
a— in the zone of pure bending; b — view of the sample from below
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Conclusions. The use of steel fiber in concrete on average increases the crack resistance by
40%, and the load-bearing capacity by 64%. Compared with samples without fiber reinforcement,
samples with anchor fiber show an increase in load — bearing capacity by 89%, and crack resistance
by 61%. When using flattened fiber, these values are 56% and 32%, and for wave fiber — 47% and
25%, respectively. The use of steel fiber in the manufacture of concrete mix avoids the brittle nature
of destruction.
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Anotanis. [IpoBeneHo naboparopHi BUNpoOyBaHHs OETOHHUX 1 cTanediOpoOeTOHHUX MPU3M Ha
3ruH. beToHHa MaTpuIls [T BCIX TPU3M BUKOHAHA 3 OETOHHOT CyMIIlli OJJHAKOBOTO CKJIATY 3 PO3MipOM
KPYIHOTo 3aroBHIOBaya a0 10 MM 1 BOJOLEMEHTHUM BIJHOLICHHSM, IO JIO3BOJIIE KOPEKTHE
nepeMilTyBaHHs TOTOBOI cyMiti 3 ¢ibporo, mod ocTaHHs Oyina piBHOMIPHO PO3MOALIEHA MO 00’ eMy
3pa3ka. @iOpoBe apMmyBaHHs ckianae 1% ans Bcix Tppox BuAiB (GibpH, BUKOpPUCTOBYeThCS (ibpa 3
OJTHAKOBOI ctaii 3 TumMuacoBuM omopom 1335 MIla, morxkuHO0O BojokHA 50 MM, miamerpoM 1 M.
Binpizustorecss (iOpoBi BOJOKHA TUTbKM (OPMOIO, IO JO3BOJISIE TIOPIBHIOBATU PE3YNIbTATH
BUINIPOOYBaHb 3a cepisiMu 0e3 KOopuUryBalbHUX Koe(imieHTiB. beToHHl 3pa3ku 06e3 ¢iOpu
PO3MIISAIAIOTHCS SIK KOHTPOJIBHI.

B pesynbrati 1abopaTtopHux BUMpoOyBaHb Oyl OTpUMaHi 1 TpOaHaIi30BaHl MACUBHU JAHUX, SIKI
NpeAcTaBieHl y BUMIAAL aiarpam. PizHoro Buay craneBa (iOpa moka3ye HEOJHAKOBE Ii/IBUIIEHHS
HaBaHTAXEHHS NOYATKY TPIIIMHOYTBOPEHHS 1 Hecy4oi 31aTHOCTI. HailOuibll BUTIAHUM 3 LI€T TOUKU
30py BUSIBIIIETHCS JI0J[aBaHHsA B O€TOH aHKepHOI (iOpH, HAHMEHII — XBHJIbOBOI. AJie MPUCYTHICTb Y
CKJIaJl cyMilll OyAb-SKOI 3 PO3MIITHYTHX cTaneBuX (iOp 3HaYHO MIJBUILLYE HECYUY 3AATHICTH 3pa3Ka.
Kpim Toro, Tvn pyifHyBaHHS TaKOro 3pa3Ka 3MIHIOETHCSI 3 KPUXKOT'O Ha B’ SI3KHH.

Takoxx Oyna BuBYeHa Je(OPMATUBHICTh 3pa3KiB 3 pI3HUM (GIOpOBUM apMyBaHHSM 1
noOynoBaHi rpadikyd 3aJeKHOCTI BIAHOCHOI MO3A0BXKHBOI Aedopmariii Biil HaBaHTaxeHHS. o
MOYaTKy TPILIMHOYTBOPEHHS CIIOCTEPIraeTbcs MpsMa MPONOPLIHHICTh MK HAaBAHTAXEHHSIM 1
nedopmarli€ro, 3 MOSBOIO TPIIIMH HaXUJ rpadikiB pi3ko 3MiHIO€ThCS. [IpH BTpaTi HECy4oi 34aTHOCTI
ctanedi0poOeTOH1 3pa3KH Bl OCTATOYHOIO PYHHYBaHHS CTPUMYIOTh (pi0pOB1 BOJIOKHA.

3acTocyBaHHs cTayeBoi (iOpH B ckiiafi OETOHY B CEpeIHbOMY MiJABHILYE TPILIMHOCTIMKICTD
Ha 40%, a Hecydy 3/aTHICTH Ha 64%. Y MOpiBHSAHHI 31 3pa3skaMu 0e3 (iOpoBOTO apMyBaHHS, 3pa3Ku
3 aHKepHOIO (iOPOI0 MOKA3yIOTh IMiIBUILEHHS HECy4oi 3/1aTHOCTI HA 89%, a TPIIMHOCTIMKOCTI Ha
61%. IIpu BuKopucTaHH1 TUTFOIIIEHOT (10pH 111 3HAYEHHS CTAaHOBIATH 56% 1 32%, a 17151 XBUIBLOBOT —
47% 1 25% BignoBigHo. BukopuctanHs ctaneBoi ¢iOpu NMpu BUTOTOBJIEHHI OETOHHOI CyMilli
JI03BOJISIE YHUKHYTH KPUXKOTO XapakTepy pyHHyBaHHS.

KurouoBi cioBa: cranediopoOeToH, nmabopaTopHi BUIIPOOYBaHHS, MpHu3Ma, cTajeBa (ildpa,
BUINIPOOYBaHHS HA PO3TST MPH 3THHI.
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Annorauus. [IpoBenensl nabopaTOpHBIE HCIBITAHUS OCTOHHBIX M CTaNe(UOPOOCTOHHBIX
pu3M Ha u3ru6. beroHHas mMatpuia Ui BceX MPU3M BBINIOJIHEHA U3 OETOHHOW CMECH OJIMHAKOBOI'O
cocTaBa C pa3MEpPOM KPYMHOTo 3amojHuTedss A0 10 MM W BOJOIEMEHTHBIM OTHOIIECHUEM,
MO3BOJISIOIIMM KOPPEKTHOE NepeMeIINBaHnue FOTOBOM cMecH ¢ (uOpoid, yToObl mocieaHsst Obuia
paBHOMEPHO pacmpesiesieHa mo oobemy oopasia. udpoBoe apMupoBanue coctapisieT 1% s Bcex
Tpex BUAOB (hubpsl, ucnoib3yercs ¢pudpa U3 OJUHAKOBOHN CTaIM C BPEMEHHBIM CONPOTHUBICHHEM
1335 Mlla, pmuHoit BomokHa 50 MM, muamerpom 1 mm. Otiaudarorcs GpuOpoBbIe BOJIOKHA TOJIBKO
(dbopMOi, YTO NO3BOJSIET CPAaBHUBATh PE3YJIbTAaThl UCHBITAHUN 1O CepUsIM 0€3 KOPPEKTUPYIOIIHUX
ko3 unrenToB. beToHHbIE 00pa3iel 6e3 PuOpPHI paccMaTPUBAIOTCS KaK KOHTPOJIbHEIE.

B pe3ynbrate 51a00paTOpHBIX HMCHBITAHUM OBUTM MOJTYYEHBI W INPOAHAIM3UPOBAHBI MACCHBBI
JaHHBIX, KOTOpPBIC MPEACTAaBICHBI B BUIE AuarpaMMm. PasHoro Buaa craipHas (uOpa NOKa3bIBaeT
HEOJMHAKOBOE IMOBBIIICHWE HArpy3KH Hayajga TPEeUMHOOOpa3oBaHUs M Hecyllel CHOCOOHOCTH.
HanGonee BBITOTHBIM C 3TOW TOYKM 3pEHHS OKa3bIBaeTcs jJo0OaBieHHE B OCTOH aHKEpHOH (HUOpHI,
HauMeHee — BOJHOBOW. Ho mpucyrcTBHe B cocTaBe cMecH JII000M U3 PaCCMOTPEHHBIX CTAIBHBIX (HOP
3HAUUTEIBHO TIOBBIIIAET HECYIIYIO CIIOCOOHOCTH oOpasima. Kpome Toro, Tum paspylieHHs Takoro
o0pasia MeHseTCsl ¢ XPYNKOro Ha BA3KUI.

Taxke Obla M3ydyeHa NeQOpPMAaTUBHOCTb OOpa3LOB C Pa3HbIM (UOPOBBIM apMHUPOBAHUEM U
MOCTPOEHb! TI'paUKH 3aBUCHMMOCTH OTHOCHTENIBHOM MpoJonbHON nedopmanuu oT Harpysku. Jlo
Havyajla TPEIMHOOOpa30BaHMsl HAOIIOMAETCS TpsAMas MPONOPHHUOHATBHOCTE MEXKIY HArpy3Kod Hu
nedopmarueii, ¢ MOsIBICHUEM TPEIIMH HAKJIOH TpadukoB pe3ko m3MeHsercs. Ilpu morepe Hecyieit
CHOCOOHOCTH  cTaneuOpoOeTOHHbIE 00pa3libl OT OKOHYATEJIbHOTO pPAa3pYyLICHUS CIACPKHUBAIOT
(ubpoBbIE BOIOKHA.

[Ipumenenue cranbHON (PUOPHI B cOCcTaBe OETOHA B CPEAHEM IMOBBIIIAET TPEIIMHOCTOUKOCTD Ha
40%, a Hecymyto ciocobHocTh Ha 64%. Ilo cpaBHeHHUIO ¢ 0Opa3uamu 6e3 puOPOBOro apMHUpOBaHUS,
oOpa3ipl ¢ aHkepHOW (uOpOM TMOKA3bIBAIOT TOBBIIICHHE Hecyllel crnocooHoctn Ha 89%, a
TpermuHocToikocTr Ha 61%. IIpu ucnoab30BaHUM IITIOIIECHOM (PUOPBI ATH 3HAYEHUS COCTABISIOT 56%
u 32%, a gna BonmHoBOM — 47% um 25% cooTtBercTBeHHO. Vcronb3oBaHue cTaabHOM (UOpHI Mpu
M3rOTOBJICHUH OETOHHOM CMeCH MO3BOJISIET U30€XkKaTh XPYIKOIo XapakTepa pa3pylieHHs.

KuioueBbie cioBa: cranedubpoOeToH, 1abopaTopHble UCTIBITAHMS, MPU3Ma, cTallbHas (puopa,
UCTIBITAaHMS HA pacTshKEHHE U U3ruoe.
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