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This article proves the possibility of replacing aggregates in concrete mixtures with rubber,
which is obtained by grinding of used car tires. It was found that the replacement of crushed coarse
aggregate in the amount of 10 vol. % with ground rubber from used car tires increases the bending
strength by 23 % The compressive strength does not change significantly.

When working in the subcritical stage of deformation (until the macrocrack shifts), concrete
with the replacement of the coarse aggregate, is preferred, as the energy consumption of which for
elastic deformation (W.) exceeds the base concrete.

Analysis of the supercritical stage of deformation (macrocrack propagation) reveals that the
replacement of fine and coarse aggregates negatively affects the value of total energy consumption for
local static deformation in the main crack zone (W), which is by 1.35 and 1.14 times lower than the
control concrete.
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Introduction

The utilization of industrial waste in concrete mixtures for several decades is a promising option
for the disposal of waste and related industrial products. Materials such as tires require specialized
landfills, but can be recycled and used in concrete production while providing additional benefits to the
properties of concrete. The use of these materials in concrete has obvious advantages, and therefore,
instead of disposing of this waste, they are sold, thus providing additional savings. The use of recycled
tires in concrete production can provide many life cycle benefits more than traditional additional concrete
materials. The biggest advantage of using recycled tire aggregates in concrete is not direct material
savings, but rather its impact on the properties of concrete and analysis of its life cycle. The main
advantage of using recycled tire aggregates is the proximity of manufacturers. Tire processing plants are
available in and around large metropolitan areas, resulting in lower transportation costs compared to
natural aggregates that can be transported by road or rail for use in urban concrete structures.

The use of ground tire rubber in concrete can result in the reduction of its strength. The main
reason for the lack of strength is cracking, which occurs due to the fact that the loads exceed the strength
of concrete. Stresses arising in concrete can be interpreted by external forces (poor support of the of the
base, cyclic stress from the movement of cars; increased axle load of cars), as well as for internal forces
due to physicochemical processes that occur when concrete hardens.

Most often, internal cracking occurs by shrinkage of the newly laid concrete mixture, which is due
to the hardening processes in the initial period and during the first 24 hours by rapid evaporation of water
after laying and compaction of concrete. First of all, cracks may be invisible, but gradually become
noticeable after the full concrete’s strength set or cracks expansion to the appearance of visible defects
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under the action of these external loads in concrete. Most often, such cracks appear all over the concrete
and disrupt the overall appearance of the structure before the concrete begins to gain design strength.

Target of this article

The purpose of the study: to investigate the effect of fine and coarse aggregates replacement with
ground tire rubber on the strength and crack resistance of concrete.

Research objectives are:

— to analyze the advantages of partial aggregates replacement with ground tire rubber compared to
conventional cement concrete;

— to analyze the impact of aggregates replacement with different fraction of ground tire rubber on
concrete fracture properties;

— to determine the most effective fraction of ground tire rubber for concrete.

Analysis of recent research and publications

Tire production for vehicles is increasing exponentially due to the rapidly growing population and
transportation development. Substantial rubber waste is produced from used tires which pass their service
life. Raffoul et al. (Raffoul, 2017; Katelyn, 2018; Munoz-Sanchez, 2017; Pacheco-Torres, 2018;
Grinys, 2012) stated that tire waste is nearly proportional to tire production. The world’s yearly tire
production exceeded 2.9 billion tires. This massive amount of non-biodegradable waste occupies a large
area and causes environmental hazards. Burning or using tire as fuel may produce toxic gases that are
harmful for environment and may cause destructive pollution of natural air .

Tire rubber contains styrene, a strongly toxic component that is highly hazard to humans.
Therefore, dumping of waste tires may be very dangerous to human health. Recycling of waste in any
way is beneficial. In recent years, researchers have attempted to establish a proper guideline for recycling
tire waste in different ways In response to the growing environmental concerns, waste tires are now
being recycled in a manner that not only benefits the environment but also contributes to economic
growth.

A decrease in compressive strength by 30-63 % can occur when 5-20 % of the aggregate in concrete is
replaced with rubber crumb. Thomas and Gupta (Thomas,2015; Thomas,2016) concluded that replacing
12.5 % of aggregate in concrete with rubber is optimal for better resistance to water absorption and
carbonization, as well as to achieve moderate compressive strength. Senin et al. (Senin, 2017)
recommended not to exceed 20 % of the rubber content in concrete

Techniques used

Portland cement CEM 1 42.5 was used in this study. Commercially available PCE based superplasticizer
was used in the researches. Rubber crumbs of 0-5 mm and tire chips of 5-10 mm fractions were used
for aggregate replacement.

Three concrete mixtures were designed, mix proportions are shown in Table 1 (W/C=0.6).

Each series of concretes consisted of cube samples measuring 10x10x10 cm and prisms measuring
10x10x40 cm. The concrete mix was prepared in the labotatory concrete pan mixer ATEK-1150. The
rubber has been treated with 10 % NaOH solution for 24 hours.

The compressive and bending strength were determined according to standards (DSTU B B.2.7-214: 2009
and DSTU B B.2.7-187: 2009). Research and calculation of fracture characteristics of concrete were
performed in accordance with standard (DSTU B B.2.7-227: 2009) and methods of Solodkyy S. Y.
(Solodky, 2008; Solodky, 2014; Solodky, 2017).



108 Volodymyr Bidos, Taras Markiv, Serhiy Solodkyy

Table 1
Concrete mix proportions
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350CROTCO 350 670 1150 35 0.6 | 140 | 2380
350CR10 350 603 1150 35 47 0.6 | 150 | 2330
350TC10 350 670 1035 35 84 0.6 | 160 | 2290

The compressive and bending strength are shown in Fig. 1 and Fig. 2, respectively.
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Fig. 2. The bending strength of concretes
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After analyzing the obtained results (Fig. 1 and Fig. 2), it was found that the replacement of coarse
aggregate by products of tire processing (fr.5-10 mm) in the amount of 10 vol. % results in the increasing
the bending strength of concrete by 23 %. Compressive strength doesn't differ significantly. Replacement
of fine aggregate by tire processing products (fr. 0-5 mm) in the amount of 10 vol. % does not change the
bending strength in comparison with the control concrete. However, the compressive strength increases
by 40 and 27 % after 3 and 7 days of hardening, respectively, but the slight decrease of compressive
strength by approximately 7 % is observed after 28 days.

The results of the research of the strength characteristics and deformability of concrete are given in
Table 2.

Table 2
Physico-mechanical characteristics of concretes
Flexural
. Compressive Bending Static design modulus modulus of The criterion

Mixture .. . .

identification strength strength fetm, of elasticity of elasticity of of fragility
fe.cube, MPa MPa concrete Ep, MPa concrete Egy°103, Xip'10-4, m
MPa

350CROTCO 32.36 5.45 42 2702 278

350CR10 30.23 6.36 34 3613 303

350TC10 31.83 4.99 29 2841 307

The complete state diagram (CSD) of control and concrete with rubber content is shown in Fig. 2.
Power and energy characteristics of the studied concretes are given in Table 3.
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Fig. 3. Complete diagram of the condition of the studied concretes
350CROTCO - control concrete; 350CR10 — concrete incorporating crumb rubber;
350TC10 - concrete containing tire chips
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Table 3
Power and energy characteristics of crack resistance of concrete
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350CROTCO 8 34 42 150 17 18 70 250 | 306 30 42 0.43 | 0.28
350CR10 3 35 37 169 17 13 62 282 | 340 22 34 0.47 | 0.28
350TC10 4 27 31 134 13 5 51 224 | 269 8 29 0.38 | 0.15

The analysis of the supercritical stage of deformation (Fig.3 and table 3) reveals the advantage of
control concrete and concrete incorporating tire chips. The value of total energy consumption for local
static deformation in the area of the main crack (WI) is by 1.19, 1.35 times higher than the concrete
containing crumb rubber.

Conclusions

1. Recycled tire particles can be incorporated into concretes and mortars by replacing fine and
coarse aggregates. The advantage of utilizing rubber crumb in cement mortars and concretes is: reducing
CO; emissions, saving the environment.

Pre-treatment of rubber crumb with alkali NaOH has a positive effect on the nature of the
interaction between the rubber crumb and cement stone by removing a zinc shell from the surface of
rubber particles, and hence on the strength and crack resistance of concrete.

2. Replacement of coarse aggregate by tire processing products fr. 5-10mm in the amount of
10 vol. % increases the bending strength of concrete by 23 %, compressive strength doesn’t change
significantly..

3. Replacement of fine aggregate by tire processing products (fr. 0-5mm) in the amount of
10 vol. % does not change the bending strength. The compressive strength decreases by 7 % compared to
the control concrete.

4. In the subcritical stage of deformation (ascending branch of the concrete condition diagram),
concrete incorporating rubber crumb has a slight advantage, which is confirmed by energy consumption
for elastic deformation (We), which exceeds the control concrete by 3 %.

5. Analysis of the supercritical stage of deformation (descending branch of the concrete condition
diagram) reveals the advantage of concretes with the replacement of coarse aggregate.:The values of total
energy consumption for local static deformation in the main crack zone (WI) exceed the control concrete
by 13 %. The values of total energy consumption for local static deformation in the area of the main crack
(W) of concrete with the replacement of fine aggregate are less than the control concrete by 12 %.

6. The fracture toughness (Ki) increases in sequence: concrete incorporating tire chips, control
concrete, concrete containing crumb rubber.

7. The research shows that in addition to the environmental effect, the replacement of aggregates in
concrete with rubber crumbs of different fractions can improve the strength and crack resistance of concrete.
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Hanionansuuii yaiBepcuteT “JIbBiBChbKa MOJITEXHIKA”,
1 kadeapa aBTOMOOITEHUX AOPIT Ta MOCTHIB,

2 kadpenpa OyAiBeNTLHOr0 BUPOOHUIITBA

MEXAHIYHI BJJACTUBOCTI HEMEHTHHUX BETOHIB I3 BMICTOM I'VMH
O Fidocw B. M., Mapxis T. €., Conooxuii C. 1., 2021

BupoOHUIITBO IMHMH ISl TPAHCTIOPTHHX 3acO0iB 3pOCTae B T€OMETPHUHIN Tporpecii y 3B S3Ky 3
MIBUJKAM 3017TbIICHHSIM KiTBKOCTI HACEJICHHSA Ta PO3BUTKOM TpaHCTOpTy. OCKUIBKH MIOpiYHE BUPOOHHIITBO
muH y cBiti nepesunimio 2,9 mupa mue (2017 p.), MOKHA YSBUTH MaciiTabu BiIIOBIAHUX BiIXOIB, a
TaKOXX TEMITH IX HaKONWYEHHsS. Bimxomw, o He po3KIaNaloThCs 0I0JOTIYHO, 3aiiMarOTh 3HAYHY TEPHUTOPIIO
Ta CIIPUYUHSIOTH €KOJIOTIYHY HEOe3IeKy.
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BukopucraHHs DIMH SK HajdMBa MOXKE CHPUYMHHUTH BUKHIM TOKCHMYHMX Ta3iB, AKI IIKIIUIMBI IS
HaBKOJIMIIHBOTO CEPEOBHUINA Ta MOXYTh iICTOTHO 3a0pYyIHIOBAaTH IOBITps. BBeneHHS BiIXoIiB IpOMHCIIO-
BOCTi y OETOHHI CyMiIlli BXe KiJIbKa NECSATUIITH € MEPCIEeKTUBHHM BapiaHTOM YTHWJI3allil BiIXOMIB i Cy-
IIyTHIX MPOIYKTiB MpoMuUciioBocTi. Taki Marepiany, K MIMHY, TOTPEOYIOTH CIEIiali30BaHUX 3BAJIMII, IPOTE
MOXYTh TEPEPOOIATUCH I BUKOPHCTOBYBATHCh y BHPOOHUIITBI OCTOHY, 3a OJHOYACHO 3a0e3MEUyrOud J0-
JIaTKOBI MepeBar BIACTUBOCTAM OeToHy. HailbinbIno nepeBaror0 BUKOPUCTAHHS MEPEPOOICHUX 3allOBHIO-
BadviB 3 IIMH y OCTOHI € HE TIIBKH €KOHOMIiSl MaTepiaty, aje i iX BIUIMB Ha BIACTHBOCTI OETOHY.

VY cTarTi TOBEIEHO MOMIIMBICTH 3aMiHH 3alOBHIOBAUIB y OCTOHHHUX CyMilllaX I'yMOIO, sKa OTPHUMaHA
MOAPiOHEHHS BiINPabOBAHUX aBTOMOOLTFHHX IIMH. BeTaHOBNCHO, Mo 3aMiHa miedeHro B KutbkocTi 10 00. %
TYMOIO 3 BiANpPaIbOBAHUX aBTOMOOUILHHUX HIMH 301JIbIIYE MIIJHICTh HA PO3TAT HpH 3ruHi Ha 23 %, MIlHICTH
Ha CTHCK MPAKTUYHO HE 3MIHIOETHCH.

[lix yac poOOTH B JOKPUTHUHIN cTadil aeopmyBaHHS (0 MOMEHTY 3pPYIIYBAaHHS MAaKPOTPIIIUHMU)
nepeBary nposiBiisie OETOH i3 3aMiHOI KPYITHOTO 3allOBHIOBAaYa, CHEPrOBUTPATH SKOTO Ha MpYyKHE nedopmy-
BauHs (We) mepeBHuIyOTh MOKa3HUK 6a30BOro OETOHY.

AHaui3 3aKpHTHYHOI cTaxil nepopmyBaHHs (HOLIMPEHHS MaKpOTPIiIIMHU) BUABIAE, IO 3aMiHa
JIpiGHOTO 1 KPYITHOTO 3alIOBHIOBAYiB HETATHBHO BIUIMBA€E HA 3HAUCHHS 3aralbHUX EHEPrOBUTPAT HA JIOKAJIbHE
craTuuHe JgedopmyBaHHs B 30HI marictpanbrol Tpimuau (WI), sixi e y 1.35 1 1.14 pa3sy Bignmosimno
HIDKYIMH, HiXK 'y 0eTOHIB 6a30Bo1 cepii.

B’s3kicte pyiinyBanus (Ki) 3pocrae B mociioBHOCTI: OETOH i3 3aMiHOIO KPYITHOTO 3alOBHIOBAYa,
6eToH 6a30B0i1 cepii, 0ETOH 13 3aMiHOIO APIOHOTO 3aMOBHIOBAYA.

Ku1r04oBi cj10Ba: 1eMeHT00eTOH, rymMa, MaTepiajau noApiOHeHHs! BiliNPpauboBaHUX aBTOMOOLIb-
HUX ILIMH, APiOHMI 3aNMO0BHIOBAY, KPYNHMI 3al0BHIOBAY, TPIIIUMHOCTiiKICTb, MIIHICTb HA CTHCK,
MillHiCTH Ha PO3TAT NPH 3TUHI.



