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Abstract. During the design and subsequent
construction of structures, both abroad and in
domestic projects, concrete reinforced with various
types and forms of fibers—fiber-reinforced
concrete—is being used increasingly often.
Compared to ordinary concrete, it exhibits enhanced
strength  characteristics and numerous other
properties that indicate improvements in its physical
and mechanical performance.

The use of fiber-containing concretes in the
production of various structures and their individual
elements continues to grow. The combination of the
properties of the individual components that make
up fiber-reinforced concrete results in a material
with improved operational characteristics. As a
composite material, fiber-reinforced concrete
largely depends on the type and variety of fibers
incorporated into its structure, since these determine
the key characteristics of the final composite.

Among the different types of fibers, steel fiber is
considered one of the most efficient and widespread
options, both from an economic standpoint and in
terms of its availability across various regions of our
country. Different types of fibers are used in
manufacturing fiber-reinforced concrete elements
and structures to enhance their performance.

The percentage of fiber reinforcement
significantly influences the properties of the
manufactured specimen or structure as a whole. The
characteristics of steel fiber-reinforced concrete
also depend heavily on the selected reinforcement
percentage, which is determined before production
begins.

Compared to ordinary concrete, steel fiber-
reinforced concrete exhibits improved strength and
deformation characteristics [5,7,9]. This has a
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positive effect on the economic aspects of
production and further operation, as such structures
require less maintenance and fewer potential repairs
during their service life.

To conduct a deeper analysis of the influence of
the guantity, type, and characteristics of steel fibers
on axial compression, experimental studies were
carried out, the results of which are presented
below.

Keywords. deformation; fiber concrete;
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INTRODUCTION

In the production of fiber-reinforced
concrete elements, various types of fibers-
including metallic fibers - are used to increase
their strength characteristics compared to
ordinary concrete. As noted by various
researchers [3, 4, 15, 17], their addition
significantly improves the strength and
deformation properties of the material and the
structure as a whole.

The type of fibers used, their length, and
their percentage content in the mixture must be
selected according to the requirements for the
product or structure while strictly adhering to
the manufacturing technology.
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Deviations from the optimal values of these
parameters, whether upward or downward,
reduce the effectiveness of dispersed
reinforcement and lead to the formation of fiber
clumps (“hedgehogs”) that are not evenly
distributed throughout the volume. Conversely,
the absence of fiber reinforcement reduces the
overall strength characteristics of the element.

RESEARCH PURPOSE

Experimental studies of fiber-reinforced
concrete prisms in axial compression using
metal fibers of various types.

RESEARCH OBJECTIVES

When performing these studies, the
following research tasks were solved:

1. Selection of elements included in the
composition of concrete.

2. Search and use of fibers produced by
Ukrainian factories.

3. Casting experimental samples.

4. Testing samples.

5. Processing the results and drawing up
appropriate conclusions based on the results of
the studies.

Table 1 Types of test specimens
Ta6a. 1 Buau gocmigHux 3pa3kis

MAIN PART

To achieve the set goal and implement the
specified tasks, samples were manufactured
and tested, and experimental studies of the
operation of prisms reinforced with different
types of fibers were conducted (Table 2), with
subsequent comparison with concrete samples
without reinforcement. This made it possible to
determine their strength and deformation
characteristics.

The formed experimental samples [5] are
presented in Fig. 1.

Fig.1. Forming samples for an experiment.
Photo by Oleg Skoruk

Puc.1. ®opmyBaHHA 3pa3KiB Uil MPOBEACHHS
excriepuMenTy. ABTop doto Oner Ckopyk

The types of samples of each type are given
in Table 1.

N.g Type of samples Sample size, Quantity, Notes
series mm pcs
1 prisms concrete matrix on fine aggregate
. fiber concrete matrix made of wavy

2 prisms :
fibers

3 prisms 100x100%600 6 flber-relm_‘orced cpncrete element
made of fiber having anchor ends

4 prisms reinforced concrete matrix

5 prisms fiber concrete matrix - fiber mix

The prisms were tested after storage in
accordance with the requirements of DSTU for
28 days.
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In total, 30 prisms of different matrix
composition and with and  without
reinforcement were manufactured.
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Before testing, clock-type indicators with a
division value of 0.001 mm were attached to the
surface of the prisms, see Fig. 2.

Fig.2. Installing sensors on fiber-reinforced
concrete prisms. Photo by Oleg Skoruk

Puc.2. BramryBanas JTAaTIHKIB Ha

¢i6podeToHHNX mpu3Max. ABTOp ¢oTo Omer

Cxopyk

The compression testing of the prisms was
performed on a hydraulic press, using the
appropriate  methodology. The process of
testing the test specimens on the equipment, see
Fig. 3.

Table 2. Types of fibers used
Taoa. 2 Types of fibers used

ISSN 2522-4182

Fig.3. The process of testing prototypes on

equipment. Photo by Oleg Skoruk
Puc.3. [Iporec BUIIPOOYBaHHS AOCHTITHUX
3pa3kiB Ha ycraTKyBaHHi. ABTOp hoTto Oner
Cxopyk

The loading on the samples was performed
in steps, the value was taken to be about 10% of
the expected destructive force. At each step,
there was a delay of 10 minutes to stabilize
internal stresses and deformations, as well as to
take readings from the sensors.The indicators
on the samples were placed using special
mounts and fixed to them with screws.

Name

General view(sketch)

Wave-shaped wire fiber

&
o
&

Wire fiber having anchor ends

50mm

Before the start of the tests on the press, the
samples were centered relative to the actual
axis. For this, the samples were loaded with a
test load, which is 5% of the expected
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destructive force. This load corresponded to
oc=1.5 MPa. After that, the difference in the
indicators was recorded.
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SAMPLE - 1 SERIES

Fig.4. Test results and nature of destruction.
Photo by Oleg Skoruk

Puc.4. PegynpraTi BUNIpoOyBaHHs Ta XapakTep
pyiinyBanus. Asrop ¢oro Oner CKopyk

If significant discrepancies in the indicators
on four sides were detected, i.e. more than 10%,
the test sample was moved along the support
plate several times until uniform values were
achieved for all arranged indicators.
Accordingly, the sample was placed in the
desired position in two to four attempts. Then,
each sample was tested to determine
longitudinal ~ deformations. The  general
appearance of the fracture of the samples is
shown in Fig. 5-8. During the study of
experimental research elements, the applied
load and the deformation changes that
developed were recorded. The applied load and
the resulting deformations for sample Nel-5 are
given in the Tables 3-7.

Table 3. Change in deformations of test specimen
Nel.
Taoua. 3 3mina nedopmartiii gocmigHoro 3paska Nel.

Sample Ne Load, % feprism, MPA
15 19,7
30 20,3
1 45 20,4
60 19,9
75 19,5
85 20,2
224

SAMPLE - 2 SERIES

Side surface
Fig.5. Test results and nature of destruction.
Photo by Oleg Skoruk
Puc.5. Pesynbrati BUnIpoOyBaHHs Ta
XapaxTep pyrdHyBaHHA. ABTOp $OTO

Oner Cxopyk
Table 4. Change in deformations of test specimen
No2.
Taon. 4. 3mina nedopmMariiii JOCTIIHOTO 3pas3ka
No2.
f(; i
o 0 ,prism,
Sample Ne Load, % MPA Piv
15 32,8 15
30 33,5 15
5 45 334 15
60 33,0 15
75 32,9 1,5
85 33,1 1,5

SAMPLE - 3 SERIES

Side surface
Fig.6. Test results and nature of destruction.
Photo by Oleg Skoruk
Puc.6. Pesympratm BunpoOyBaHHS Ta
XapakTep pyhHyBaHHs. ABTOp (oTO
Oxner Cxopyk
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Table 5. Change in deformations of test specimen 60 27,8
Taba. S.J\g_)f/['iﬁa nedopMariii [ocTimHOTO 3pa3Ka [ 280
Ne3. 85 28,2
Saﬁple Load, % fﬁpﬂ . SAMPLE — 5 SERIES

15 34,2 1,5

30 34,6 1,5

45 34,0 15

3 60 338 15

75 34,1 1,5

85 33,9 1,5

SAMPLE - 4 SERIES

Side surface
Fig. 8. Test results and nature of destruction.
Photo by Oleg Skoruk
Puc.8. PesynpraTtu BUmmpoOyBaHHS Ta XapakTep
pyiinyBanusa. Aptrop ¢oto Oner Ckopyk

Table 7. Change in deformations of test specimen

Nes.
Taoa. 7. 3MiHa gedopmamiid JOCTITHOTO 3pa3ka
Nes.
Side surface
Fig.7. Test results and nature of destruction. Sample | Load, fe prism,
Photo by Oleg Skoruk No % MPA Piv
Puc.7. Pesynpratn BUNIpOOYBaHHS Ta XapakTep
pyiinyBanus. Asrop ¢oro Oner CKopyk 0,75+0,75 —
] ] ] 15 382 fiber mix
Table 6. Change in deformations of test specimen 0.75+0.75 —
N<_>4.. . . 30 378 fiber mix
Tabu. 6. 3mina nedopmauiii IOCTITHOTO 3paska 0.75+0.75 —
Ned. c 45 38,6 fiber mix
0 | 34| i
Sample Ne Load, % fe,prism, MPA
0,75+0,75 —
75 38,7 fib ;
1 : : 0754075
27,9 Pt
15 85 39.1 fiber mix
4 30 28,1
45 28,3

After testing various series of samples, the
corresponding parameters were determined,
which are listed in Table 8.
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Table 8. Results of testing of experimental samples.
Tao6.. 8. PesynpraTtu BUIIPOBYBaHHS JOCITITHUX 3pa3KiB.

sample series | pr, f;:z:z:’ f;:g:z:':’ E10% | Eymed0% | V| Vo | e | egrme109
1.1 0 19,7 17,2 0,18 0,2
1.2 0 20,3 17,3 0,19 0,2
1.3 0 20,4 17,2 0,18 0,2
14 0 | 199 | 98 17.4 173 5181918 02 0.2
1.5 0 19,5 17,3 0,19 0,2
1.6 0 20,2 17,2 0,19 0,2
2.1 15| 32,8 34,4 0,23 0,24
2.2 15| 335 34,3 0,24 0,25
2.3 15| 334 345 0,23 0,25
2.4 15| 33,0 33,2 34,4 34,4 0,24 0,23 0,24 0,25
2.5 15| 32,9 34,5 0,23 0,25
2.6 15| 33,1 34,4 0,23 0,25
3.1 15| 34,2 35,6 0,23 0,25
3.2 15| 34,6 35,7 0,24 0,25
3.3 15| 34,0 35,6 0,24 0,25
3.4 15| 33,8 341 355 356 0,25 0,24 0,24 0,25
3.5 15| 34,1 35,6 0,25 0,24
3.6 15| 339 35,6 0,24 0,25
4.1 0 279 25,4 0,2 0,21
4.2 0 28,1 25,4 0,21 0,21
4.3 0 28,3 25,3 0,21 0,2
4.4 0 27,8 28,1 25,2 25,3 0,2 0,25 0,2 021
45 0 28,0 25,3 0,21 0,2
4.6 0 28,2 25,3 0,2 0,2
5.1 15| 38,2 39,1 0,26 0,27
5.2 15| 37,8 39,2 0,25 0,26
5.3 15| 38,6 39,3 0,26 0,26
5.4 15| 394 38,3 39,2 39,3 0,26 0,25 0,27 0,26
55 15| 38,7 39,3 0,26 0,26
5.6 15| 39,1 39,2 0,25 0,26

For series of samples where there was no
fiber in the composition, the prismatic strength
was denoted by - fc prism.

The prismatic strength was determined using
the formulas [1]:

1:cf,prism = 1:c,prism + (kzn Qiptv ff)

in this formula
of = (5+L)/(1+4,5L),
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L= UCZ,Dﬁ/ﬁ)/( fcf,prism),

where

ff — tensile strength of individual fibers;

k. — coefficient that takes into account the
work of fibers in a cross section
perpendicular to the direction of the
external compressive force;

@f — Koe]ilieHT e(heKTUBHOCTI HETIPSIMOTO
apMmyBaHHS (10pamu;

ptv — KoediuieHT (hidpoBoro apmyBaHHs Ect.
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Fig.9 Diffraction diagram of sample deformation
Puc. 9 ludpakuiitna giarpama geopMyBaHHS 3pa3Ka

CONCLUSIONS

. The data obtained from the results of the
experiment showed that samples with the
addition of any type of fiber demonstrate
significantly higher strength indicators in
axial compression compared to conventional
concrete and reinforced concrete samples.

. The type of fiber used has an impact on the
load-bearing capacity of the element under
axial compression, which is evident from the
nature of the destruction of the samples and
the obtained indicators.

. Using a mix of different fibers does not
significantly improve the load-bearing
capacity of the element under axial
compression, but remains within the average
values.

. According to the results of the study, the
influence of fiber reinforcement on the
strength and deformability of elements using
fiber was analyzed.

. The obtained data make it possible to
recommend the use of fiber reinforcement in
the structures of the country's defense
fortifications that perceive static dynamic
impacts.
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JOCIIIKEHHA POBOTHU
PIBPOBETOHY ITPH
KOPOTKOTPUBAJIOMY CTUCKY

Onez CKOPYK

AHoTawis. Ilpy  mpoekryBanHi  Ta
MOTAJIBIIIOMY OY/TIBHHUIITBI 5K 32 KOPJIOHOM TaK
1 y BITYM3HSHHMX TIPOEKTax BCE YacCTilIe
3aCTOCOBYIOTh O€TOH apMOBaHMH pPI3HUMHU
TUIIAMU 1 BUJIaMU BOJIOKOH - (pi0poOeToH, KUt
Ma€ y TOpPIBHSAHHI 31 3BHYAaHUM OETOHOM
MiJBUIIEHI XapaKTePUCTUKU MIIHOCTI Ta
6araTo 1HIIMX BJIACTHUBOCTEH, 110 BKa3ylOTh Ha
MIOKpalleHHsT  HOro (b13UKO-MeXaHIYHUX

XapaKTePUCTHK.
3actocyBaHHs 0€TOHIB 3 BMICTOM (i0pH mif
qac BUTOTOBJICHHS PI3HOMaHITHUX

KOHCTPYKIIH 1 OKPEMHX X €IEMEHTIB IMOCTIHHO
3poctae. IloegHaHHsS BIIACTUBOCTEM OKPEMMX
KOMITOHEHTIB, 1110 BXOJATh /10 CKJIaay
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¢i6pobeTony, cTBOprOE 1 (hopm Marepiand 3
MOKPAIICHUMH EKCIUTyaTalliiHUMH SKOCTSMHU.
Sx xommosumiitHuii Marepian, (idbpoOdeToH
3HAQYHOIO MIpOI0 3aJeXWTh BiI TUIY Ta
pisHOBUAY (iOpH, IO BBOJUTHCS IO HOTO
CTPYKTYpH, aJDKe caMe BOHAa BU3HAYa€ OCHOBHI
XapaKTePUCTHKH TOTOBOTO KOMITO3HTY.

Cepen pi3HUX BU/IIB BOJIOKOH cTajieBa ¢iopa
BBAXXAETHCS OJHICI0 3 HAWOUIBII e(heKTUBHUX
Ta MOUIMPEHUX 3 EKOHOMIYHOI TOUKH 30Dy TaK
13 TOUKH 30py IOCTYITHOCTI Y Pi3HHX KYyTOUKax
HAIIO1 JEPKaBH.

Pisni Buam ¢iOp BUKOPUCTOBYIOTH NpHU
BUTOTOBJICHI €JIEMEHTIB 1 KOHCTPYKLIA 3
¢$i6poOeTOHY MUIs MiABUILEHHS XapaKTEPUCTHK
BUPOOY.

BincoTok apmyBaHHs (pi0paMu €I€MEHTIB 3
¢$16po0eTOHy 3HAYHOK MIpOIO BIUIMBAE Ha
BJIACTUBOCTI ~ BUTOTOBJICGHOTO  3pa3ka 4
KOHCTPYKLIi B IIJIOMY.
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BrnactuBocti  cranediOpoOeToHy — TaKoX
Oarato B YoMy 3ajexaTh B 0OpaHOTO
BIZICOTKAa apMyBaHHA, SKHH PO3PAaXOBYETHCS
nepe;] Mo4YaTKOM BUTOTOBIICHHSI KOHCTPYKIIi.

Cranedibpoberon, B  TOpIBHSAHHI  3i
3BUYAHUM O€TOHOM, MAa€ MiABUIIICHY MIITHICH1
1 nepopmaruBHi xapaktepuctuku [5,7,9]. Le
cupue. lle BIMBae Ha €KOHOMIYHY CKJIAJIOBY
BapTOCTI KOHCTPYKIIi NPH BHUTOTOBJIEHHI i
MOJAIBIIA eKCIUTyaTalii, Tak SK BUMAarae y
MOJAJIBIIIOMY MEHIIIOTO JIOTJISITY Ta MOXKITHBHX
MOTOYHHMX PEMOHTIB TPU SKCILTyaTaIlii.

3 MeTo rIHMOmIOT0 aHami3y BIUIMBY
KUJIBKOCTI, TUIY Ta XapaKTEPUCTUK METAJICBUX
BOJIOKOH Ha OCBHOBHI THUCK OYII0 BHKOHAHO
EKCIIEPUMEHTAJIbHI JIOCIIIKEHHS, pe3yabTaTu
SIKHX HaBEJICHO HIDKYE.

Karwuosi ciaoBa. lepopmauis, ¢idpoOeron;
MPHU3MOBa MIIHICTB; (iOpa.
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