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Abstract: Recycling used tyres is a very laborious process, which makes the disposal of
discarded tyres a contemporary problem that poses a threat to public health. One of the most
effective ways to recycle old tyres is to use them in the construction industry as a partial
replacement for Portland cement. The purpose of this research is to determine the slump,
compressive strength, splitting tensile strength, and water absorption of concrete made with
rubber tyre (RT) and Calcined clay (CC) as partial substitutes for 30 percent of the cement. The
purpose of this study is to determine the ideal ratio of reclaimed and recycled materials (RT and
CC) to use in concrete mix in order to achieve the highest possible level of strength while
simultaneously achieving the lowest possible level of water absorption (WA). In order to
achieve this goal, numerous concrete mixtures, each with a unique combination of RT and CC
in its make-up, have been produced. A mixture of RT and CC in varying proportions has been
used to replace thirty percent of the weight of the cement. The findings suggest that the
combined use of RT and CC in concrete improves the mechanical characteristics while
simultaneously reducing cement consumption. This can help to lessen the negative
environmental implications of cement manufacturing and helps to bring about a more
sustainable environment.
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INTRODUCTION

The disposal of used rubber tyres has developed into a big environmental issue
throughout the entirety of the world, posing a significant threat to the environment. One

of the potential applications for recycled tyre rubber is to include it into concrete as a
partial replacement for either the cement that is used or the natural aggregate that is used.
By the year 2030, it is anticipated that an additional 5000 million tyres will be discarded
on a regular basis, with an annual total of 1000 million tyres reaching the end of their
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functional life [1]. On the other hand, the production of Portland cement, which is
regarded as the most important binder material in the production of concrete, has
increased significantly as a direct result of the growing demand for concrete in the
construction industry. This is due to the fact that concrete is increasingly being used in
construction projects. The manufacturing of cement is another one of the major industrial
sectors, and it is responsible for around 8 percent of the world's carbon dioxide (CO2)
emissions [2]. These days, experts are interested in finding ways to reduce the amount of
cement used in concrete products by using materials that are less harmful to the
environment in engineering applications. [3] [4][5][6][7]1[8][9] . Chipped rubber, crumb
rubber, ground rubber, and fibre rubber are the four different types of recycled tyre rubber
that are classified according to their size. [10][11][12][9]. Rubber Tire that has been
shredded or chopped after prolonged the shredding process results in the formation of tyre
particles with a size ranging from 14 to 78 millimetres, which are referred to as "shredded
particles." a significant number of researchers, in most cases, substitute sand for crumb
rubber. Crumb rubber is produced in unique mills that tear large pieces of rubber down
into smaller, more manageable pieces [13][14][15]. The mills that are utilised and the
temperature that is maintained both play a role in the production of rubber particles of
varying sizes. The production of particles with a high degree of irregularity in the range
of 0.425-4.75 mm 1is accomplished by the use of a straightforward approach [9]. A
chipped rubber tyre is another name for ground rubber, which is sometimes used as a
potential substitute for cement. To obtain this rubber, the process of shredding tyres must
be performed in two stages. At the end of the first stage, the length of the rubber should
be between 300 and 430 mm, and the width should be between 100 and 230 mm. In the
second stage, cutting brings the size down to between 100 and 150 millimetres. On used
tyres, the processes of magnetic separation and screening are often carried out in two
stages. Cement and concrete are using a growing variety of diverse procedures, each of
which incorporates a different size proportion of rubber. The micro-milling method
results in particles with a range of sizes, from 0.075 to 0.475 millimetres in diameter [16],
[17]. The majority of the studies that were conducted came to the conclusion that one of
the measures that might be done voluntarily to reduce cement use was to replace cement
with ground tirerubber [18]. [19]. According to Sofi [1,] reducing the amount of rubber
powder in concrete by 5, 7.5, or 10 percent results in a decrease in the material's
compressive and flexural strengths while simultaneously increasing the percentage of
water absorbed and abrasion resistance. It was observed by Shu and Huang[20] that
putting rubber powder in concrete as a partial replacement for cement can increase the
material's resilience to cracking as well as the melting and freezing cycles that it goes
through. According to Bisht and Ramana [8,] there is a lack of consensus regarding the
effect that crumb rubber has on the flexural strength of concrete. This may be because the
size of the rubber that is used makes a difference in the outcome of the experiment. On
the other hand, the size of the rubber particles has a substantial impact on the mechanical
properties of the concrete [21][15][22]. In addition, the majority of studies show that
adding crumb rubber to concrete makes it easier to work with [23]. Additionally, some
researchers discovered that making a partial substitution of coarse and fine aggregate with
crumb rubber and rubber chips, respectively, led to a significant increase in chloride-ion
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penetration [24].

EXPERIMENTAL PROCEDURE

The concrete mix that was used in this research study consisted of Ordinary Portland
Cement, Rubber Tire (RT), Calcined Clay (CC), Fine Aggregate, Coarse Aggregate,
Superplasticizer, and Water. All of these components were combined together.

Table 1 Chemical properties of constituents.

Material | Cao | Si02 | A1203 | Fe203 | MgO | SO3 | K20 | Na20 | L.O.L

Cement | 64 | 21.3 [ 4.1 34 1.4 1.2 104 0.1 1.01

Calcined | 1.2 | 51.1 | 35.62 |2.41 09 |1 042 1051 | 1.76
Clay

Table 2 Physical Characteristics of constituents.

Properties Specific Gravity | Bulk Density SSD Fineness
(g/cm3) (kg/m3) absorption Modulus
(%)
Fine Aggregate 2.54 1615 4.4 3.1
(Sand)
Coarse Aggregate 2.58 1625 0.92 -
(Gravel)

ORDINARY PORTLAND CEMENT (OPC)

Cement is a binder made by mechanically grinding limestone and other materials in a
cement production plant. Cement employed in the investigation was ordinary Portland
cement having grade 43, which was procured from a local vendor and offered by GLA
University, Mathura. In this investigation, rubber tire and calcined clay embedded
concrete was prepared using Ordinary Portland Cement having specific gravity of3.10
in compliance with IS: 8112-2013 [25].

CALCINED CLAY

Dolomite and calcium-rich limestone are the two main components of calcined clay,
which results in a white clay. Calcined clay, in comparison to cement, is made up of
particles of a much finer size [26][27][28]. The primary goal of replacing cement with
calcined clay is to improve the characteristics of cement concrete specimens by utilising
pozzolans. This can be accomplished through the use of Pozzolans. Using calcined clay
as a weight substitution for cement in concrete specimens can result in significant
reductions in CO2 emissions [29]. Calcined clay can be used in place of cement. Calcined
clay (CC) and ordinary portland cement are broken down into their component chemicals
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and displayed in Table 1. (OPC). The use of calcined clay in concrete, in addition to
improving the micro properties of the concrete, helps to reduce the harmful effects of
carbon dioxide emission on the environment and minimises the problem of waste
disposal [30].

RUBBER TIRE

Rubber Tire (RT) is a product that is derived from waste vehicle tyres, which are then
mechanically shredded into pieces that range in size from 0.14 to 0.28 millimetres and
have a specific gravity of 1.15 grammes per cubic centimetre [31]. This product is used as
a partial substitution for cement in the range of 0 to 30 percent by weight.

SUPERPLASTICIZER

In each of the designs, a superplasticizer composed of polycarboxylate at a
concentration of 0.5 percent was used.

FINE AGGREGATE

In this experiment, we used sand that was readily available in the surrounding area
and that had previously been sieved using an IS device with a size of 2.36 mm. The
GLA University in Mathura went to a neighbourhood shop to buy the sand that
they needed. The outcomes of the tests on the fine aggregate properties that were
carried out in accordance with IS 383:2016 [32] are presented in Table 3. The sand
was pristine and free of any impurities, including plants, leaves, and muck,
amongst other potential contaminants. In mortar specimens, fine aggregate serves
the purpose of a filler ingredient and contributes to the solidity of the construction
as a whole.
Table 3: Result properties of fine aggregates

Physical Properties Results

Specific gravity 2.67

Bulk density 1640

Fineness modulus 2.45

Water absorption 1%

Passing through IS sieve 4.75mm
COARSE AGGREGATE

In this study, 10 mm and 20 mm coarse aggregates were employed. The
coarse particles utilized had a clean surface and were sub-angular in form. The
coarse aggregate requirements followed IS 383 [33].

WATER
Cement and pozzolanic particles can only hydrate with the presence of water. The
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strength and durability attributes of the specimen are significantly influenced by
the quality of the water that was used in the process. This experiment only used
water that was free of any impurities that could have originated from other
sources. For the purpose of this investigation, sterile drinking water was obtained
from GLA University in Mathura, India. This water had a total dissolved solids
content of up to 1665 ppm and a pH of 7.2 on average. The qualities of the curing
water are outlined in Table 4, which can be found here.

Table 4: Quality parameters of water.

Properties Specific Bulk Density SSD Fineness
Gravity (g/cm3) (kg/m3) absorption Modulus
(%)
Fine Aggregate 2.54 1615 4.4 3.1
(Sand)
Coarse Aggregate 2.58 1625 0.92 -
(Gravel)
METHODOLOGY

Cement and pozzolanic particles can only hydrate with the presence of water. The
strength and durability attributes of the specimen are significantly influenced by the
quality of the water that was used in the process. This experiment only used water that
was free of any impurities that could have originated from other sources. For the
purpose of this investigation, sterile drinking water was obtained from GLA University
in Mathura, India. This water had a total dissolved solids content of up to 1665 ppm and
a pH of 7.2 on average. The qualities of the curing water are outlined in Table 4, which

can be found here.

Water Absorption (%) = (W2—W1)/W1x100

Table 5: Chemical properties of constituents.

Mix ID Cement(kg/m3) RT(kg/m3) CC(kg/m3)
RT0O0CCO00 350 0 0
RT10CC20 245 35 70
RT20CC10 245 70 35
RT30CC00 245 105 0
RTO00CC30 245 0 105
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RESULTS AND DISCUSSIONS

SLUMP VALUES

Cement and pozzolanic particles can only hydrate with the presence of water. The
strength and durability attributes of the specimen are significantly influenced by the
quality of the water that was used in the process. This experiment only used water that
was free of any impurities that could have originated from other sources. For the purpose
of this investigation, sterile drinking water was obtained from GLA University in
Mathura, India. This water had a total dissolved solids content of up to 1665 ppm and a
pH of 7.2 on average. The qualities of the curing water are outlined in Table 4, which can
be found here.
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Fig. 1 Slump values of different mix having RT and CC
COMPRESSIVE STRENGTH

The impact that RT and CC content have on the compressive strength of concrete is
illustrated in Figure 2. According to the findings of the experiments, an increase in RT
results in a decrease in the compressive strength of the concrete. A reduction in
compressive strength occurred as a direct result of the formation of voids, which may
have originated as a result of the fine nature of RT. It is common knowledge that a rise in
the RT content leads to an increase in the development of voids within the mixture, which
in turn results in concrete that has a low density and poor strength. Reduced compressive
strength, which in turn leads to the development of microcracks and poorer bonding in
the concrete mixture, has been identified as one of the causes of reduced bond formation
between RT particles and cement paste. [3] [15] This has been recognised as a cause of
reduced compressive strength. A cumulative impact of calcined clay and rubber tyre has
resulted in a modest rise in compressive strength, which can be seen illustrated in figure
5. This increase in compressive strength has been noted. In spite of the fact that the
addition of rubber tyre resulted in a sizeable weakening of the concrete's compressive
strength, the combinations that included both rubber tyre and calcined clay shown a
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sizeable improvement in that property. The maximum compressive strength of the
RT10CC20 mixes is 34.26 MPa, which is higher than the strength of the reference mix. It
is believed that the filler effect in CC and pozzolanic reaction products are responsible for
the densification of the cement matrix and the enhancement of the grounded rubber
cement mix. However, the rate of strength development slowed down when the amount
of rubber tyre in the combination climbed to more than 10 percent substitution.

il

RT00CCO0 RT10CC20 RT20CC10 RT30CC00 RT00CC30

MixID

60

50

) wa .
= = =)

COMPRESSIVE STRENGTH (MPa)
= =

m 7days m28days m 56days

Fig. 2 Compressive Strength of different mix having RT and CC

TENSILE STRENGTH

The values for the splitting tensile strength of the concrete sample are shown in Figure 6.
The splitting tensile strength of the specimens falls as the concentration of RT in the test
solution increases. This could be due to an insufficient connection between the RT and
the cement matrix, which would result in the formation of fissures. A higher RT content
was associated with an increased likelihood of the development of micro-cracks, and the
linking together of these micro-cracks under load application resulted in the production of
a larger crack at a lower load value. In addition to this, a stress concentration is formed
around the RT as a result of the greater deformations that the RT undergoes in
comparison to the matrix [42]. The splitting tensile strength will decrease as the
concentration of RT in the material increases. Clay that has been calcined and rubber,
when used together, provide a material that is significantly more robust. According to the
findings of the experiments, the RT10CC20 mix had the greatest strength after 7 days, 28
days, and 56 days; its value was 3.25 MPa, 4.28 MPa, and 4.29 MPa, respectively.
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WATER ABSORPTION
In order to determine whether or not water could penetrate the concrete, an experiment

measuring water absorption was carried out over the course of 7, 28, and 56 days.
Experiments were done to visually represent the increase in percentage. According to
Figure 4, the proportion of water that was absorbed into the rubber tyres increased as the
amount of replacement tyres increased. The percentage of water absorbed by the mixtures
that contained calcined clay and rubber tyres ranged from 3.0 to 4.0 percent. In contrast,
the incorporation of calcined clay into mixtures resulted in a reduction in the amount of
water that was absorbed by the specimens, which was between 3.80 and 4.0 percent. The
larger void content of rubberized concrete may be attributed to characteristics such as the
tendency of crumb rubber to float in mixes in conjunction with the elastic nature of the
composite material. This may have led to the higher void content.
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CONCLUSION
In this line of research, an investigation was carried out to investigate the effects on the
mechanical characteristics of concrete by using pulverised rubber tyre and calcined clay
as a cement substitute. The following inferences can be drawn from the findings of the
experiments that have been reported:
The presence of rubber tyres has a detrimental effect on the workability. According to
the findings of the tests, conventional concrete RTOOCCO0 mix has a larger slump value
of 65 millimetres, but the replacement of rubber tyre with cement at a rate of 30 percent
resulted in the lowest value of slump, which was 36 millimetres.
The compressive strength was somewhat increased by the addition of RT and CC to the
mix. Because of the synergy that exists between limestone powder and calcined clay,
these mixes were able to outperform the reference combination while using 10 percent
RT and 20 percent CC as substitutions for cement. At 7, 28, and 56 days after mixing,
the RT10CC20 mix has a maximum compressive strength of 34.26 MPa, 50.26 MPa,
and 53.48 MPa, respectively. An increase in the concentration of rubber tyres in
concrete results in a reduction in the material's compressive strength. When compared
to a standard sample, the compressive strength of the composite material significantly
improved thanks to the synergistic action of calcined clay and recycled rubber tyres.
According to the findings of the tensile strength test, the combined effect of calcined
clay and rubber resulted in an increase in strength. According to the findings of the
experiments, the RT10CC20 mix had the greatest strength after 7 days, 28 days, and 56
days; its value was 3.25 MPa, 4.28 MPa, and 4.29 MPa, respectively.
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e The use of calcined clay in the appropriate concentrations leads to considerable
improvements in both the water absorption and mechanical properties of concrete.
The inclusion of calcined clay boosts the concrete's mechanical strength to some
degree, but it also reduces the concrete's capacity to absorb water.

REFERENCES

[1] A. Sofi, “Effect of waste tyre rubber on mechanical and durability properties of concrete — A review,” Ain Shams
Eng. J., vol. 9, no. 4, pp. 2691-2700, Dec. 2018, doi: 10.1016/J.ASEJ.2017.08.007.

[2] S. Zhang, E. Worrell, and W. Crijns-Graus, “Mapping and modeling multiple benefits of energy efficiency
andemission mitigation in China’s cement industry at the provincial level,” Appl. Energy, vol. 155, pp. 35—
58, Oct. 2015, doi: 10.1016/J.APENERGY.2015.05.104.

[3] R. Di Mundo, A. Petrella, and M. Notarnicola, “Surface and bulk hydrophobic cement composites by tyre
rubber addition,” Constr. Build. Mater., vol. 172, PP- 176184, 2018, doi:
10.1016/j.conbuildmat.2018.03.233

[4] M. Verma, N. Sharma, P. Sharma, and P. Singh, “Evaluate the Effect in Terms of Setting Time and
Compressive Strength of Oleic Acid as an Admixture in Cement,” no. 12422, 2020.

[5] P. Sharma, M. Verma, and N. Sharma, “Examine the Mechanical Properties of Recycled Coarse Aggregate
with MK GGBS,” in IOP Conference Series: Materials Science and Engineering, 2021, vol. 1116, no. 1, p.
12152.

[6] N. Sharma, M. Verma, and P. Sharma, “Influence of Lauric acid on mechanical properties of Portland
cement,” IOP Conf. Ser. Mater. Sci. Eng., vol. 1116, no. 1, p. 012153, 2021, doi: 10.1088/1757-
899x/1116/1/012153.

[7] N. Sharma and P. Sharma, “Effect of hydrophobic agent in cement and concrete: A Review,” in
IOP Conference Series: Materials Science and Engineering, 2021, vol. 1116, no. 1, p. 12175.

[8] P. Sharma, M. Verma, and N. Sharma, “Examine the Mechanical Properties of Recycled Coarse Aggregate
with {MK} {GGBS},” {IOP} Conf. Ser. Mater. Sci. Eng., vol. 1116, no. 1, p. 12152, Apr. 2021, doi:
10.1088/1757-899x/1116/1/012152.

[9] B. S. Thomas and R. C. Gupta, “A comprehensive review on the applications of waste tire rubber in cement
concrete,” Renew. Sustain. Energy Rev.,, vol. 54, pp. 1323-1333, Feb. 2016, doi:
10.1016/j.rser.2015.10.092.

[10] B. S. Thomas and R. C. Gupta, “Long term behaviour of cement concrete containing discarded tire
rubber,” J.Clean. Prod., vol. 102, pp. 78-87, Sep. 2015, doi: 10.1016/j.jclepro.2015.04.072.

[11] S. Ramarad, M. Khalid, C. T. Ratnam, A. L. Chuah, and W. Rashmi, “Waste tire rubber in polymer
blends:A review on the evolution, properties and future,” Prog. Mater. Sci., vol. 72, pp. 100-140, Jul.
2015, doi: 10.1016/j.pmatsci.2015.02.004.

[12]  “Recycling of waste tires by synthesizing N-doped carbon-based catalysts for oxygen reduction reaction-
ScienceDirect.”  https://www.sciencedirect.com/science/article/pii/S0169433221001033  (accessed Feb.
07,2022).

[13] M. J. Forrest, “1. Introduction to recycling and the re-use of rubber,” Recycl. Re-use Waste Rubber, pp.
1-8,Apr. 2019, doi: 10.1515/9783110644142-001.

[14] B. S. Thomas, R. C. Gupta, and V. J. Panicker, “Recycling of waste tire rubber as aggregate in
concrete:Durability-related performance,” J. Clean. Prod., vol. 112, pp. 504-513, Jan. 2016, doi:
10.1016/j.jclepro.2015.08.046.

48


http://www.sciencedirect.com/science/article/pii/S0169433221001033
http://www.sciencedirect.com/science/article/pii/S0169433221001033
http://www.sciencedirect.com/science/article/pii/S0169433221001033

[15] B. S. Thomas, R. C. Gupta, P. Kalla, and L. Cseteneyi, “Strength, abrasion and permeation characteristics
of cement concrete containing discarded rubber fine aggregates,” Constr. Build. Mater., vol. 59, pp. 204—
212, May 2014, doi: 10.1016/j.conbuildmat.2014.01.074.

[16] N. M. Al-Akhras and M. M. Smadi, “Properties of tire rubber ash mortar,” Cem. Concr. Compos.
vol. 26,n0.7, pp. 821-826, Oct. 2004, doi: 10.1016/j.cemconcomp.2004.01.004.

[17]  N. Sunthonpagasit and M. R. Duffey, “Scrap tires to crumb rubber: Feasibility analysis for processing

facilities,” Resour. Conserv. Recycl., vol. 40, no. 4, pp. 281-299, 2004, doi: 10.1016/S0921-
3449(03)00073-9.

[18] M. K. Batayneh, I. Marie, and I. Asi, “Promoting the use of crumb rubber concrete in developing
countries,”  Waste  Manag.,, vol. 28, no. 11, pp. 21712176, Nov. 2008, doi:
10.1016/j.wasman.2007.09.035.

[19] A. Yilmaz and N. Degirmenci, “Possibility of using waste tire rubber and fly ash with Portland cement as
construction materials,” Waste Manag., vol. 29, no. 5, pp. 1541-1546, May 2009, doi:
10.1016/j.wasman.2008.11.002.

[20] X. Shu and B. Huang, “Recycling of waste tire rubber in asphalt and portland cement concrete: An
overview,” Constr. Build. Mater., vol. 67, no. PART B, pp. 217224, Sep. 2014, doi:
10.1016/J.CONBUILDMAT.2013.11.027.

[21] J. Lv, T. Zhou, Q. Du, and H. Wu, “Effects of rubber particles on mechanical properties of lightweight
aggregate  concrete,” Constr. Build. Mater., vol. 91, pp. 145-149, May 2015, doi:
10.1016/j.conbuildmat.2015.05.038.

[22] C. Ince, B. M. H. Shehata, S. Derogar, and R. J. Ball, “Towards the development of sustainable concrete
incorporating waste tyre rubbers: A long-term study of physical, mechanical & durability properties and
environmental  impact,” J. Clean. Prod., vol. 334, p. 130223, Feb. 2022, doi:
10.1016/J.JCLEPRO.2021.130223.

[23] K. Bisht and P. V. Ramana, “Evaluation of mechanical and durability properties of crumb rubber
concrete,” Constr. Build. Mater., vol. 155, pp- 811-817, Nov. 2017, doi:
10.1016/J.CONBUILDMAT.2017.08.131.

[24] M. Gesoglu and E. Giineyisi, “Strength development and chloride penetration in rubberized concretes with and
without silica fume,” Mater. Struct. Constr., vol. 40, no. 9, pp. 953-964, 2007, doi: 10.1617/S11527- 007-
9279-0.

[25] IS:8112, “Ordinary Portland Cement, 43 Grade - Specification,” 2013.

[26] R. Jaskulski, D. J6zwiak-Niedzwiedzka, and Y. Yakymechko, “Calcined clay as supplementary cementitious
material,” Materials (Basel)., vol. 13, no. 21, pp. 1-36, 2020, doi: 10.3390/ma13214734.

[27] L. Qinfei, W. Han, H. Pengkun, C. Heng, W. Yang, and C. Xin, “The microstructure and mechanical
properties of cementitious materials comprised of limestone, calcined clay and clinker,” Ceram. -
Silikaty,vol. 63, no. 4, pp. 356-364, 2019, doi: 10.13168/cs.2019.0031.

[28] A. Dixit, A. Verma, and S. D. Pang, “Dual waste utilization in ultra-high performance concrete using
biochar and marine clay,” Cem. Concr. Compos., vol. 120, p. 104049, Jul. 2021, doi:
10.1016/J.CEMCONCOMP.2021.104049.

[29] H. S. Wong and H. A. Razak, “Efficiency of calcined kaolin and silica fume as cement replacement
materialfor strength performance,” Cem. Concr. Res., vol. 35, no. 4, pp. 696-702, Apr. 2005, doi:
10.1016/j.cemconres.2004.05.051.

[30] O. Olofinnade and J. Ogara, “Workability, strength, and microstructure of high strength sustainable
concrete incorporating recycled clay brick aggregate and calcined clay,” Clean. Eng. Technol., vol. 3, p.
100123, Jul. 2021, doi: 10.1016/J.CLET.2021.100123.

[31] M. Hasanzadeh, O. Rezaifar, M. Gholhaki, and M. K. Sharbatdar, ‘“Performance optimization of

49



ground rubberized green concrete with metakaolin,” Structures, vol. 34, no. August, pp. 433—
448,2021, doi: 10.1016/j.istruc.2021.08.006

[32] IS 383, “Coarse and fine aggregate for concrete - Specification,” Bur. Indian Satandards, 2016.

[33] BIS:383, “Specification for Coarse and Fine Aggregates From Natural Sources for Concrete,”

Indian Stand.,pp. 1-24, 1970.

[34] IS 456, “IS 456 : 2000 - Plain and reinforced concrete - code and practice,” Bur. Indian Stand.,
2000, d0i:624.1834 TAY.

[35] R. A. Assaggaf, M. Maslehuddin, S. U. Al-Dulaijjan, M. A. Al-Osta, M. R. Ali, and M. Shameem,
“Cost- effective treatment of crumb rubber to improve the properties of crumb-rubber concrete,” Case
Stud. Constr.Mater., vol. 16, Jun. 2022, doi: 10.1016/j.cscm.2022.e00881.

[36] H. Liu, Z. Chen, W. Wang, H. Wang, and P. Hao, “Investigation of the rheological modification
mechanismof crumb rubber modified asphalt (CRMA) containing TOR additive,” Constr. Build.
Mater., vol. 67, no. PARTB, pp. 225-233, Sep. 2014, doi: 10.1016/j.conbuildmat.2013.11.031.

[37] F. Pelisser, N. Zavarise, T. A. Longo, and A. M. Bernardin, “Concrete made with recycled tire
rubber: Effectof alkaline activation and silica fume addition,” J. Clean. Prod., vol. 19, no. 6-7, pp.
757-763, Apr.2011, doi: 10.1016/j.jclepro.2010.11.014.

[38] G. Li, M. A. Stubblefield, G. Garrick, J. Eggers, C. Abadie, and B. Huang, “Development of waste
tiremodified concrete,” Cem. Concr. Res., vol. 34, no. 12, pp. 2283-2289, Dec. 2004, doi:
10.1016/j.cemconres.2004.04.013.

[39] O. Onuaguluchi and D. K. Panesar, “Hardened properties of concrete mixtures containing pre-coated crumb
rubber and silica fume,” J. Clean. Prod., vol. 82, pp. 125-131, Nov. 2014, doi:
10.1016/j.jclepro.2014.06.068.

[40] N. Azline et al., “Permeation-durability properties of metakaolin blended concrete containing
rubber,” EurJ. Environ. Civ. Eng, wvol. 0, no. 0, pp. 1-16, 2021, doi:
10.1080/19648189.2021.1885499.

[41] A. A. Thakare, T. Gupta, R. Deewan, and S. Chaudhary, “Micro and macro-structural properties of
wastetyre rubber fibre-reinforced bacterial self-healing mortar,” Constr. Build. Mater., vol. 322, Mar.
2022, doi: 10.1016/j.conbuildmat.2022.126459.

[42] O. Youssf, J. E. Mills, and R. Hassanli, “Assessment of the mechanical performance of crumb rubber
concrete,” Constr. Build. Mater., vol. 125, pp- 175-183, Oct. 2016,doi:

10.1016/j.conbuildmat.2016.08.040.

50



	INTRODUCTION
	EXPERIMENTAL PROCEDURE
	ORDINARY PORTLAND CEMENT (OPC)
	CALCINED CLAY
	RUBBER TIRE
	SUPERPLASTICIZER
	FINE AGGREGATE
	COARSE AGGREGATE
	WATER
	METHODOLOGY
	RESULTS AND DISCUSSIONS
	COMPRESSIVE STRENGTH
	TENSILE STRENGTH
	WATER ABSORPTION
	CONCLUSION
	REFERENCES

