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Abstract

According to the collective findings of numerous researchers, waste tire rubber has proven to be a
valuable addition to concrete, contributing to advancements in construction. Rubber crumb is artificial
rubber polymers, such as butadiene rubber (BR). The chemical composition of tire rubber crumb that
is discarded can be represented by the combination of (CsHs)n, (CsHs)x-(CsHs)y, (CaHe)n, C, Se, ZnO,
and complicated hydrocarbons. Various studies have explored the mechanical and impact resistance
characteristics of rubberized concrete when rubber crumbs partially replace traditional aggregates.
The utility of rubber crumbs in construction is attributed to their favourable attributes, including
excellent flexibility and a lower unit weight compared to natural rock aggregates. Consequently,
rubberized concrete becomes particularly advantageous in scenarios requiring increased flexibility.
The inherent ability of rubber tires to absorb impact energy and exhibit good ductility properties also
positions it as a beneficial component, mitigating the structural damage caused by earthquakes.
However, it is crucial to note that an excessive increase in the quantity of rubber can have detrimental
effects on the mechanical properties of rubberized concrete. Notably, there is a gap in research focusing
on the cement rubber matrix to enhance the mechanical properties of rubberized concrete, indicating
the need for further studies in this area.

Keywords: Rubber crumbs, rubberized concrete, composite material, mechanical properties,
plasticizers, resistance to impact

INTRODUCTION

The global expansion of the automotive industry has led to substantial environmental concerns
regarding the disposal of waste tires. Tires have become a problematic waste source due to two main
factors: high production volume and material durability. A tire can stay in a landfill for up to 100 years
because it doesn't break down. The correct disposal of used tires has become an increasingly important
environmental concern over time. The main components of waste tire rubber crumb are cross-linked
polymer chains, specifically styrene-butadiene
rubber (SBR) and polyisoprene (natural rubber).
Additionally, it comprises a variety of chemicals
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utilized in the wvulcanization process, including
sulfur, carbon black, zinc oxide, and processing
oils. Furthermore, there could be trace amounts of
artificial rubber polymers, such as butadiene rubber
(BR). The combination of (CsHg)n, (CsHg)x-
(CsHe)y, (CaHe)n, C, Ss, ZnO, and complex
hydrocarbons can be used to represent the chemical
composition of discarded tire rubber crumb.

Over time, the proper disposal of used tires has
grown to be a serious environmental problem.
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After being retired from service, rubber tires have little possibility of being recycled and wind up in
landfills, degrading the environment. Utilizing rubber in concrete holds significant potential, offering a
solution to prevent the area from turning into a landfill and promoting environmental benefits. To
increase the impact resistance of Rubberized concrete (RuC), a specific amount of aggregates added to
the concrete are replaced with rubber particles. RuC effectively reduces the black pollution caused by
waste rubber. Earthquakes and explosions lead to concrete structures collapsing suddenly, causing
significant damage to property and human life. Consequently, a new concrete material with strong
toughness, blast resistance, and impact resistance is required. Because rubber is both elastic and durable,
it can improve RuC's impact resistance [1]. Derived easily from used tires, rubber proves to be a cost-
effective alternative to other concrete ingredients. Its incorporation leads to more economical concrete,
given its superior flexibility and lower unit weight compared to traditional natural rock aggregates.
Consequently, RuC becomes predominantly advantageous in regions demanding greater flexibility. In
RuC, the key issue is that it loses mechanical characteristics when rubber crumbs (RC) are added to
concrete. It also decreases both static and dynamic MOE, density, and slight workability(Figure.1) The
hardness characteristic of the composite was enhanced by the addition of fiber to the rubber matrix [2—
6].

Gaining rubber from old used tires is a cost-effective substitute related to other constituents usually
used in concrete. Using RC in concrete can lead to a further cost-effective construction material. RC
shows greater flexibility and a lower unit weight in comparison to the natural rock aggregates typically
employed in traditional concrete. Consequently, the use of RuC becomes advantageous in situations
demanding increased flexibility. In RuC, the main problem is that it loses mechanical properties. It also
reduced the static and dynamic MOE, density, and slightly workability.

In conclusion, the intersection of waste tire disposal and construction materials, particularly the
innovative use of rubberized concrete, represents a crucial step towards addressing environmental
challenges associated with tire waste. This sustainable approach not only diverts rubber from landfills
but also contributes to the development of more resilient and eco-friendly construction practices.
Further research and widespread adoption of such practices hold the potential to usher in a new era of
environmentally conscious construction methodologies.

WASTE RUBBER

Synthetic rubber, natural rubber, or a mix of synthetic and natural rubber are used to make vehicle
tires. The tire compound was chosen based on its appropriateness for usage. Tire compositions vary
according to vehicle type. Previous investigations have indicated that rubber has the largest proportion
of ingredients, and carbon black is an important substance other than rubber [8]. Tire waste rubber is
often shredded into various pieces by machines and reused in construction for various uses in order to
limit trash generation in landfills and dumping operations, hence preventing harm to people and nature.
Chipped rubber (CR), RC, and powder rubber (PR) are the three types of waste rubber that are being
used in different studies [9]. The manufacturing process of rubber particles from rubber tyres is shown
in Figure 2.
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Figure 1. Waste tire rubber (7).
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Figure 2. (a) Process of making fine and coarse rubber aggregate (10) (b) End product of tire rubber
(12).

PROPERTIES OF RUC
Workability

Any waste material that is considered for use in concrete must be considered in terms of workability.
Lack of concrete compaction may result in air voids, which will compromise the concrete's strength and
lifespan. A proper w/c ratio should be adopted to reduce the influence of air voids and provide efficient
concrete compaction [12,13]. As the rubber content increases, the workability of RuC tends to decline
[8,14-17](Figure.3) The variance in the results was responsible for the differences in particle size. The
workability of concrete is influenced significantly by both the size and quantity of rubber [18].
Additionally, when powdered rubber is combined with RC along with an appropriate admixture,
favourable results are achieved, especially when compared to using chipped rubber. Due to RC's
increased particle size, the overall result revealed a decline in workability, with the slump test showing
a 50% drop in RuC compared to control concrete [15]. Treating rubber with a 10% NaOH solution for
120 minutes, followed by a water wash and drying, led to a decline in workability [19].
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Figure 3. Workability of RuC (20).

Mechanical Characteristics

The mechanical characteristics are an essential parameter of the concrete, indicating whether it meets
the minimum structural requirements or not. RC has been observed to contribute to the decrease in
compressive strength of concrete in several previous studies. Reduction in mechanical properties of
RuC depends upon the size and quantity of RC [21,22]. Many reviewers also concluded that replacing
coarse aggregate (CA) with rubber chipped exhibits more loss in compressive strength values of RuC
than fine aggregate (FA) replacement with RC. When comparing RC to chipped rubber, chipped rubber
concrete loses more strength than crumb rubber concrete. The poor bond between the rubber and the
other elements in the concrete is the cause of this loss in mechanical characteristics. This inadequate
bonding results in a space and trapped air between the RC and the cement paste.

Increasing the rubber percentage by replacing CA or FA, both replacing methods may decrease the
concrete strength. Rubber's capacity to serve as a partial substitute for FA is prompted by some research
[22,23]. Researchers also discovered that compressive strength decreases when the amount of RC in
concrete increases [21,24-26]. The quantity of RC which replaces FA should be restricted to 20%-30%,
and the RC should also be surface treated. For RuC to be made, pozzolanic material is necessary since
it improves both the mechanical properties of RuC and the bond between rubber and cement paste [25].
According to some studies, a 10% replacement of FA by RC provides the best mechanical
characteristics [18]. However, other researchers claim that replacing FA with RC with less than 25%
shows greater compressive strength ]27]. “The low RC stiffness, uneven distribution of the rubber
aggregate in the concrete mix, lightweight, and weak bonding between the rubber aggregate and the
cement paste all contributed to the mechanical characteristics decreasing trend” [18,28].

Pre-treating the surface of reinforced carbon (RC) enhances the compressive strength of RuC when
incorporated into concrete (19). The mechanical properties of RuC can be improved by treating the RC
surface with a solution of NaOH [19,29,30]. It was discovered that soaking RC in water for 24 hours
improved the mechanical characteristics significantly [31]. Researchers concluded that soaking rubber
particles improves the bonding properties of rubber with cement by removing air trapped in the
particles. The influence of pre-treatment of RC by NaOH, H,SQO,, Ca(OH)., and CH:COOH solutions
on the mechanical characteristics of RuC was investigated in previous research [32]. When compared
to untreated rubber concrete, researchers discovered that all treatment methods increased compressive
strength after 28 days (32). It happens because of the increasing RC's surface roughness. The
compressive strength of RuC was found to be the best after all of the pre-treatment processes. Moreover,
pozzolana which contains silica fume, fly ash, or rice husk ash can strengthen RuC [32-34]. Most
investigations discovered that tensile strength outcomes followed compressive strength results pattern
[34,35].
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According to the previous study, the modulus of elasticity (MOE) tends to rise as particle size
increases [36]. Some researchers agreed that when the rubber content increased, the MOE decreased
[30,37]. When compared to natural aggregates for both treated and untreated rubber samples, the rubber
aggregate had a low elastic modulus, according to Gupta et al. (38). The partial substitution of stiff FA
with rubber crumbs with low elastic modulus decreases the MOE of RuC(Figure.4) The MOE of
concrete is shown to be dependent on the elastic modulus of the aggregate [39]. RuC's MOE was
enhanced by 24.4 % with the addition of silica fume. As per the author's findings, the inclusion of silica
facilitated the filling of gaps between the aggregate and cement paste, thereby augmenting bonding
[40].
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Figure 4. Mechanical properties of RuC (41).

Energy Absorption

RuC's ability to absorb energy is associated with its concrete stiffness [42]. Many researchers have
suggested that using rubber as a component in concrete to replace partial aggregate can help RuC absorb
more impact energy compared to conventional concrete [30,38,43,44]. RuC fracture energy rises to a
20 percent replacement level of RC, according to the study [43]. Furthermore, according to these
researchers [37,45,46], the substitution of RC in FA had good results in terms of energy absorption as
the proportion of RC increased. Waste rubber RC may also be utilized as a sustainable resource for
improving the impact resistance and flexibility of concrete, according to studies [38,47]. Furthermore,
research [48,49] revealed that the energy absorption capacity of RC concrete is superior to that of
conventional concrete and that the rubber content is more important than the rubber size in improving
energy absorption(Figure.5)
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Figure 5. (a) Impact energy under rebound of rubber ash concrete mixes (b) Impact energy under
rebound of hybrid concrete mixes (50).

CONCLUSION

After a review of many articles, some conclusions have been introduced. RuC workability is reduced
when rubber content is increased. The size of the rubber aggregate also impacts the workability of RuC.
The workability of RuC decreases as the size of the rubber increases, while rubber pre-treatment does
not affect concrete workability. Mechanical characteristics such as compressive strength, tensile
strength, and MOE are reduced due to increased rubber replacement and size. Still, adding pozzolanic
material in RuC and the surface treatment of RC helps in increasing the mechanical properties of RuC.
Many studies have proposed that NaOH solution be used to treat the surface of rubber aggregate. When
compared to chipped rubber for partially replacing CA, RC is a perfect size to replace FA partially.
With a rise in rubber content, the outcomes of MOE similarly reduce. Finally, when the proportion of
rubber increases, energy absorption capacity increases, indicating that RC is excellent for producing a
good energy absorption capacity of RuC. As a result of the studies, it appears that replacing FA with
RC in concrete is suitable for use as an energy absorber.
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