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The article presents the results of a study of beams strength characteristics reinforced with non-
metal rods. Concrete samples reinforced with composite and metal reinforcement of different
diameters were tested. Based on the results of the study, the bending tensile strength and elasticity
modulus of beams with composite reinforcement were determined. Graphs of the dependence of
the beam deflections on the load based on the test results of concrete samples reinforced with
metal and fiberglass reinforcement were constructed. A comparative analysis of metal and
fiberglass reinforcement work in concrete was carried out on the example of a rod with a diameter
of 8 mm, which indicated the higher strength characteristics of composite reinforcement.

The results of testing beam samples and analysis of the properties of non-metallic
reinforcement allow us to prepare proposals for the use of reinforcement new type and engineering
calculation of cement-concrete structures reinforced with fiberglass rods.

Key words: fiberglass reinforcement, cement concrete, reinforcement, modulus of elasticity.

Introduction. Today, the main volume of highways, airports and civil
construction structures is carried out using metal reinforcement as the main
component of the composite material - reinforced concrete. The development
of the chemical and industrial sphere offers a number of other options for
replacing the metal component, which are comparatively more reliable,
stronger and more durable [1-5]. One of them is fiber reinforced polymer,
which is considered in this study as an alternative material to the usual
reinforcement. The main advantages of the fiberglass material are high
resistance to environmental influences and significantly higher strength per
unit area of reinforcement [2-4], increased service life [6-7]. However, it is
necessary to carry out additional tests in laboratory conditions to establish the
dependence on the crack resistance of concrete structures using different
reinforcement coefficients [8-9], which determines the relevance of the chosen
scientific direction.
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The purpose of the research is to test samples to determine the physical
properties of a new combination of concrete with fiberglass reinforcement, to
establish dependences on the crack resistance of concrete samples using
different reinforcement coefficients, to determine the strength and modulus of
concrete beams elasticity, that work for bending,.

Main part. Flexural strength and elasticity modulus are important
components in the design concrete road and airfield pavements. Determination
of these indicators was carried out on samples made using fiberglass and metal
rods. Fiberglass rods meet the requirements of DSTU 9065:2021 [10]. The
samples were tested according to the 4-point bending scheme with fixation of
indicators in accordance with DSTU B V.2.7-217:2009 [11].

To determine the physical characteristics, time-type sensors are installed at
4 points, namely, in the central lower part (sensor D1, Fig. 1) and at the outlet
of the armature (sensor D2, Fig. 1) on the lateral lower face of the sample
(sensor D3, Fig. 1), and in the upper part of the press (sensor D4, Fig. 1).
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Fig. 1. Schematic of placement of sensors during tensile bending test
(F -load; I — calculated span length; L - total length of the sample; a -distance between load
transfer points; 4 — cross-sectional height of the sample; b - width of the cross-section of the
sample, ¢ - width of the concrete protective layer)

For the test, concrete samples with dimensions of 150x150x600 mm were
prepared, which were reinforced with one rebar in the central part of the
sample at a distance of 20 mm (width of the concrete protective layer) from the
lower edge.

In fig. 2 is shown the sample, which is placed in the press, and the location
of sensors for measuring deformations at characteristic points.

The sample reinforced with metal reinforcement has characteristic signs of
failure during loading, namely, a sharp increase in deflection in the central part
after passing the load mark of 80 kN and displacement of 2.8 mm,
respectively. A further load of 85 kN led to a significant increase in the
deflection of the specimen to 9.5 mm and rupture of the reinforcement, which
consequently caused the failure of the entire specimen with the formation of a
characteristic narrowing in the form of a neck at the point of rupture.
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Fig. 2. Placing the concrete sample in the press during the test

In fig. 3 are shown samples after complete destruction that were reinforced
with fiberglass and metal rods with a diameter of 8 mm.

Fig. 3. Appearance of broken reinforcement 4=8 mm in the samples after the test

Samples with fiberglass reinforcement during the test have a more
predictable nature of destruction, in particular, the increase in load leads to a
uniform deflection of the sample. The deflection in the central part at 80 kN
was 4.5 mm and increased uniformly to 5 mm at a load of 85 kN, which was
destructive for samples with metal reinforcement with the formation of one
main crack in the center of the sample and a characteristic narrowing. The
destruction of the fiberglass sample occurred under a load of 117 kN and a
corresponding deflection in the central part of 10 mm with the formation of
three main cracks, which indicates the inclusion in the work of the entire
volume of the material of the sample.

Rupture of fiberglass reinforcement with a diameter of 10, 14, 15 mm did
not occur when testing samples under the same conditions. However, it should
be noted that in these samples, sliding of the reinforcement on the concrete at
the point of grafting was observed, which indicates insufficient effective
grafting area of the reinforcement with concrete and insufficiently effective
transfer of shear forces at the boundary of covering fiberglass reinforcement
with concrete matrix.

The samples after testing are shown on fig. 4.
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Fig. 4. Samples after testing

The nature of the concrete destruction and the formation of the first crack
has a regularity in its location. The formation of cracks occurs at an angle of
45 degrees.

In the process of testing, under appropriate loads, beam deflections were
recorded according to the readings of sensor D1. The processing of the
received data made it possible to plot graphs of the dependence of the beam
deflections on the load at different diameters of the reinforcement in the
samples (Fig. 5).
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Fig. 5. Graphs of the dependence of the beam deflections on the load according to the test
results of concrete samples reinforced with metal and fiberglass rods

The maximum moment in the samples during failure is determined by the
formula [12]:
F(l-
=D, m
where F'—load (N); / — calculated span (m).
The modulus of elasticity was determined during bending of concrete
samples according to the formula [13]:

F-a-GI* —4d*)
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where F' — the amount of load transferred to the test sample (N); &, —
deflection refinement factor (k,,= 1,33 [13]); / — calculated beam span (m);

J — moment of inertia (m*); /' - calculated deflection of the concrete sample
(m); a — sample cross-section width (m).

To obtain the specified deflection to the actual trace of the coefficient from
§ D.2.2.6 DBN B.2.2-24:2009 [14].

The bending tensile strength is determined by the formula [11]:

fe=(F D1 (b-1?), (3)
where F — destructive load (N); / — the distance between the supports during
tensile testing of samples during bending (m); b — cross-sectional height of the
sample (m).

Using formulas (1) — (3) based on the test results, the main characteristics of
concrete samples were determined (Table 1).

Table 1
Characteristics of the tested reinforced samples

- Diameter of rods in samples, mm
. g 8 10 14 15 16

" 3 2 2 | 2 | 2
Characteristic = — £ —_ £ £ £ —_
S| Sl m | BB | B | B |
=g 2] 5 5 5 5 5 2
'§ p= < p= 2 e} e} p=

= = = =

Modulus of elasticity,

MPa 22659 | 34839 (29133 | 31374 | 22659 | 20349 | 25491

Destructive load, kN 37 85 117 122 128 142 152 195

Maximum deflection,
mm

Bending tensile
strength, MPa
Maximum moment, | 5 775 | 6375 | 8,775 | 9,15 | 9,6 | 10,65 | 114 |14,625
Deflection arrow
according to the table, | 242 | 5,56 | 7,65 | 7,97 | 8,37 | 9,28 | 9,93 | 12,75
mm
Reinforcement
coefficient, %

1,3 9,5 10 10 515 | 43 3,6 1,32

4,93 | 11,33 | 15,60 | 16,27 | 17,07 | 18,93 | 20,27 | 26,00

0 0,266 | 0,266 | 0,419 | 0,419 | 0,834 | 0,961 | 1,098

During the test, it was established that the elasticity modulus of the concrete
structure is higher in samples reinforced with fiberglass, despite the fact that the
tensile modulus of fiberglass reinforcement is 60 GPa, and that of metal
reinforcement is 200 GPa. The elasticity modulus of samples reinforced with
fiberglass rods with a diameter of 8 mm and 10 mm, respectively, is 34.9% and
16.4% higher than that of samples reinforced with metal reinforcement (Fig. 6).

In order to compare the obtained results of experimental tests, the work of
samples reinforced with composite and metal rods with a diameter of 8 mm
was simulated for tension during bending in the software complex Lira-SAPR
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2021 R2.2 (Ukraine) (Fig. 7-9) and a comparative analysis was performed
(Table 2). The beam was broken down into plates for modeling the concrete
matrix, the rod reinforcement was modeled with end elements KE10 for metal
and K1 for fiberglass rods.
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Fig. 6. Comparison of deflections of samples with different reinforcement

Fig. 7. Deformed scheme of the sample with composite reinforcement
in the Lira-SAPR software complex

Fig. 8. Normal stresses of the sample with composite reinforcement
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Fig. 9. Tangential stresses of the sample with composite reinforcement

Table 2
Comparative analysis of sample deflections
Load, Deflection in the middle of the beam, mm Variance,
kN Experiment | Calculation Lira-SAPR [Obtain with [13] o
Metal d=8mm
30 0,13 0,039 0,117 11,1
40 0,19 0,058 0,174 9,2
Fiberglass d=8mm

30 0,09 0,038 0,114 21,1
40 0,12 0,052 0,156 -23,1
80 4,35 0,105 0,315 1281,0

A comparison of the obtained data based on the results of the experiment and
modeling in the Lira-SAPR software complex shows that with an increase in the
load on samples with composite reinforcement, the error in determining the
deformations increases. The obtained deflection of beams reinforced with
composite rods under a load of 30 kN, 40 kN has a deviation of - 22% on
average, which indicates the need to refine the modeling in Lira-SAPR, or
introduce additional coefficients. In turn, the obtained deflection data for
samples with metal reinforcement coincide with those obtained experimentally
within the limits of work in the elastic zone and have variances in average 10%.

The ratio between the reinforcement coefficient and bending tensile strength
is shown on fig. 10.

From fig. 10 follows that the problem of the interaction of non-metal
reinforcement with the concrete matrix with diameters of reinforcement greater
than 14 mm requires a separate solution.

Conclusions. As a result of the testing of samples reinforced with fiberglass
reinforcement, an increase in elasticity modulus and tensile strength during
bending was found to be higher than that of similar samples with metal rods.
The strength characteristics of structures reinforced with fiberglass rods with a
diameter of 8 mm exceed similar indicators of samples with metal
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reinforcement by 36%. This makes it possible to use composite reinforcement
with a smaller diameter during construction.
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Fig. 10. The ratio between the reinforcement coefficient and bending tensile strength

The test results showed that the nature of the destruction when using
fiberglass reinforcement is more predictable. One of the advantages of using
such reinforcement, as was found out during the experiment, is the effect of
closing cracks when the load is removed.

Comparative analysis of the deformations obtained experimentally and
calculated showed that there is a significant discrepancy between the
indicators. Thus, it is necessary to carry out further research on the comparison
of experimental and calculated data in order to clarify the mathematical
methodology for calculating concrete structures using composite materials. In
turn, it is necessary to finalize modern software complexes for the design of
building structures, namely to provide an additional module with the actual
representation of rods.
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Tamensx LI1., Kyaaxk B.B., Hubynocokuit B.M., Xapuenko A.M.
JOCJII)KEHHA BIUVIMBY HEMETAJIEBOI APMATYPH HA XAPAKTEPUCTUKH
BJACTUBOCTEN HEMEHTOBETOHHHUX 3PA3KIB BAJIOK

B crarTi HaBeneHHI pe3yJbTATH AOCTIIKEHHS MILHICHHX XapaKTePHCTUK OaloK, apMOBaHHUX
HEMAaTEJICBUMU CTCP)KHSAMHU. bByno BHKOHaHO BHUIPOOYBaHHS 3pa3kiB OGETOHY, apMOBaHOIO
KOMITO3UTHOIO Ta METAJICBOI0 apMaTypol0 PI3HOro giaMeTpy. 3a pe3ysbTaTaMH IOCIiIKCHHS
BH3HAYCHO MILHICTh HAa PO3TAr IPH 3THHAHHI Ta MOAYJIb IPYXKHOCTI 0aJok 3 KOMIIO3HTHOIO
apmaryporo. I[loOynoBaHo rpadikd 3aJeKHOCTI MPOrWHIB OajKkW BiJl HABaHTaKCHHS 3a
pe3yipTaTaMy BHNPOOYBAaHHS OCTOHHHMX 3pa3KiB apMOBAHHX METAJICBOI0 Ta IIOJIMEPHOIO
apMaTypor. BukoHaHO NOpIBHAUIBHUH aHami3 poOOTH MeTajeBOl Ta IOJIMEPHOI apMaTypd B
OeTOHI Ha MPHKJIAAL CTEPXKHS [JiaMeTpoM 8 MM, SIKHMil BKa3aB Ha BHILI MILHICHI XapaKTepHCTUKH
KOMITO3UTHOTO apMyBaHHs. B cBOo dwepry, MiLHICTH Ha pO3TAr HPH 3THHAHHI 3paskiB 3
KOMITO3UTHHM Ta CTaJeBHM apMyBaHHAM BiamoBimHo aiamerpoM 8 MM Ta 10 MM Mae 36DKHI
3Ha4yeHHs. Lle nae MOXIMBICTD HAa NPAKTHI BUKOPUCTOBYBATH KOMIIO3UTHY apMaTypy MEHIINM
HOMEPEYHUM TIEPEPi3OM.

BianoigHy po0OTy apMOBaHMX OCTOHHHMX 3paskiB OyjI0 3MOJAEIbOBAHO B IPOrPAMHOMY
komiuiekci Jlipa-CAITP. Pe3ynbraTd MOAEIIOBAaHHS IOKa3alid, IO MMPHUBEACHUN MPOrWH OaJoK
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apMOBaHMUX KOMIIO3UTHHMH CTep)KHsAMH npu HaBaHtaxxeHHi 30 kH, 40 xH mae BinxuieHHs B
cepenaboMy -22 %. IIpu 1bOMY ITPUBEICHUI IPOTMH 3pa3KiB apMOBAHUX METAJICBUMH CTEPIKHIMU
Ma€ BHILY 30DKHICTH 3 CGKCIIEPUMEHTAJbHUM 3HA4YCHHSAMH Ta MOXHOKy B Mexax 10%. Taxum
YHUHOM MOJCIIFOBAHHS pOGOTl/l 6an01< 3 KOMIIO3UTHHUM apMyBHHSAM B NPOrpaMHHUX KOMILUIEKCaX
notpedye yTouHeHHs, a00 BBEICHHS IOJATKOBHX KOC(DIL[i€HTIB IPH po3paxyHKax.

PesysbraTi BUIIPOOOBYBAHHS 3pa3KiB OaJOK Ta aHAJI3 BJIACTMBOCTEH HEMETAJICBOI apMaTypu
JIO3BOJISIIOTH  MIATOTYBATH IPOMO3MIi I[[0J0 BHUKOPHCTAHHS HOBOTO BHAY AapMyBaHHI Ta
IH)KCHEPHOTO PO3paxyHKy LEMEHTOOCTOHHHX KOHCTPYKLIH apMOBaHHX CKJIOIJIACTHKOBUMH
CTEPXKHSMH.

Kuiaro4oBi ciioBa: nosiMepHa apMaTypa, IeMEHTOOCTOH, apMyBaHHSI, MOYJIb IPYXHOCTI.

Gameliak 1.P., Kulak V.V., Tsybulskyi V.N., Kharchenko A.N.
STUDY OF NON-METALLIC REINFORCEMENT INFLUENCE ON THE
CHARACTERISTICS OF CEMENT CONCRETE BEAM SAMPLES PROPERTIES

The article presents the results of a study of the strength characteristics of beams reinforced
with non-matel rods. Tests were performed on concrete samples reinforced with composite and
metal reinforcement of different diameters. Based on the results of the study, the tensile strength in
bending and the modulus of elasticity of beams with composite reinforcement were determined.
Graphs of the dependence of the beam deflections on the load are constructed based on the results
of testing concrete samples reinforced with metal and polymer reinforcement. A comparative
analysis of the work of metal and polymer reinforcement in concrete was carried out using the
example of a rod with a diameter of 8 mm, which indicated higher strength characteristics of
composite reinforcement. In turn, the tensile strength in bending of samples with composite and
steel reinforcement, respectively, with a diameter of 8 mm and 10 mm has adjacent values. This
allows in practice to use composite reinforcement with a smaller cross section.

The corresponding work of reinforced concrete samples was modeled in the Lira-SAPR
software package. The simulation results showed that the reduced deflection of beams reinforced
with composite rods at a load of 30 kN, 40 kN has an average deviation of -22%. At the same time,
the reduced deflection of samples reinforced with metal rods has a higher convergence with the
experimental values and a discrepancy within 10%. Thus, the modeling of the operation of beams
with composite reinforcement in software systems requires clarification, or the introduction of
additional coefficients in the calculations.

The results of testing samples of beams and analysis of the properties of non-metallic
reinforcement make it possible to prepare proposals for the use of a new type of reinforcement and
engineering calculation of cement concrete structures reinforced with fiberglass rods.

Key words: fiberglass reinforcement, cement concrete, reinforcement, modulus of elasticity.

Tamenax UI1., Kynax B.B., [[ei6yavckuti B.H., Xapuenxo A.H.
HCCJEJTOBAHUE BJIUSAHUA HEMETAJTJIAYECKOMW APMATYPBI HA
XAPAKTEPUCTHUKHA CBOMCTB IEMEHTOBETOHHBIX OBPA3IIOB BAJIOK

B CTaTbC TMPUBCACHBI PE3YJIbTaThl HCCICAOBAHHA ITPOYHOCTHBIX XapaKTCPHUCTUK 6an01<,
APMHPOBAHHBIX HEMATCJICBBIMU CTECPXKHAMMU. Ele’lH BBITIOJIHCHbI HCIIBITAHUA 06pa3u03 66TOHa,
apMHUPOBAHHOTO KOMITO3UTHOM W MeTaJUIMUECKOH apMaTypoii pasHoro auamerpa. I1o pesynbratam
MCCJIE/IOBAHMS ONPE/EIIeHa IPOYHOCTh HA PACTSHKEHHME NPH U3rube U MOILyJb YNPYroctH 0ajiok ¢
KOMITO3UTHOH apMaTypoil. [locTpoeHsl rpaduku 3aBUCHMOCTH NMPOrHO0B Galky OT HArpy3Kd IO
pe3yibTaTaM HCHbITaHUsL OETOHHBIX O0PA3LOB apMHUPOBAHHBIX METAIIMYECKOH M IOJMMEPHOI
apmatypoii. [IpoBeieH cpaBHUTENBHBIN aHaIM3 pabOThl METAJUIMYECKOM U MOJIMMEPHOH apMaTypbl
B OcToHe Ha NpUMEPE CTEPXKHS [IUaMETpOM 8 MM, KOTOPbI yKa3al Ha 0ojiee BBICOKHE
HPOYHOCTHBIE XapaKTEPUCTUKH KOMITO3MUTHOTO apMHpOBaHUs. B cBOI odepenb, NPOYHOCTh Ha
pacTsHKEHUE IpU 143F146€ 06p331.l03 C KOMITO3UTHBIM M CTaJIbHBIM apMHUPOBAaHUEM COOTBETCTBEHHO
nuaMerpoM 8 MM 1 10 MM MMeeT CMEXHbIE 3HaYeHHs. DTO M03BOJIAET Ha MIPAKTUKE HCII0Ib30BATh
KOMIIO3UTHYIO apMaTypy MEHBIIUM IIONEPEYHBIM CEYEHUEM.

CootBercTByIOIIas paboTa apMHUPOBAaHHBIX OCTOHHBIX 00pa3loOB Oblla CMOJACIMPOBAHA B
nporpaMmMHoM  komruiekce  Jlupa-CAIIP.  Pe3yinbraTtel  MOJEIMPOBAHMS  MOKa3aliM, 4YTO
IPUBEICHHBI MPOru6 0aloK apMUPOBAHHBIX KOMIIO3UTHBIMH CTEPXKHAMH mp Harpyske 30 xH,
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40 kH wumeer otkionenue B cpexHeM -22 %. Ilpu 3TOM mnpHBeIeHHBIH Hporud o00pasLoB
ApPMUPOBAHHBIX METAJUIMYECKUMH CTEP)KHSAMH HMeEeT 0ojee BBICOKYIO CXOOUMOCTb C
9KCIIEPUMEHTAIIbHBIMU 3HAYEHMAMHM M pacxoxjeHue B npepenax 10%. Takum obpaszom,
MOJeupoBanue paboThl OANTOK ¢ KOMIIO3HUTHBIM apMHPOBAHMEM B NPOIPAMMHBIX KOMILIEKCAxX
TpeOyeT YTOYHEeHHsI, MIIH BBOJA AOMOJIHUTEILHBIX KO(MHUIHEHTOB IPH pacyeTax.

Pe3ysbraTel MCHBITaHMS 00pa3loB 0allOK M aHaJIW3 CBOWCTB HEMETANIMYECKOHW apMaTyphbl
MO3BOJIAIOT IOATrOTOBUTH MPECAJIOKECHUA I10 MCIIOJB30BAHHMIO HOBOI'O BHJAa apMUPOBaHUA U
MH)XCHEPHOT0 pacyeTa LEeMEHTOOCTOHHBIX KOHCTPYKIHH, apMHPOBAHHBIX CTEKJIOILIACTHKOBBIMU
CTEPXKHSMH.

KiloueBble cjoBa: TmoOIMMEpHas apMmaTypa, LEMEHTOOETOH, apMHpOBaHHE, MOAYIb
YHPYTOCTH.
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The article presents the results of testing concrete samples reinforced with composite and metal
reinforcement of different diameters, as well as a comparison of the characteristics of metal and
fiberglass reinforcement.

Fig. 10. Tab. 2. Ref. 14.
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