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Abstract

Due to the rapid growth of the automotive industry, the number of waste tires has been rising dramatically each year.
This increase is causing a strain on landfills, as the bulky nature of waste tires, with about 75% of their volume being
void, quickly depletes available space of landfills. Furthermore, waste tires are non-biodegradable and, due to their
concave shape, provide an ideal breeding ground for insects and harmful rodents, posing a public health risk. Given the
limited range of products that can be produced from recycled tires, it is crucial to find economically viable solutions to
recycle these tires and use them in mass production of useful materials, such as concrete. Concrete has been chosen by
researchers as it is the second most consumed material per capita, after water. Researchers have produced crumb
rubber from recycled tires and used it to partially replace fine aggregates in concrete, creating a material known as
rubbercrete. Compared to conventional concrete, rubbercrete has better thermal and acoustic properties, is lighter in
weight, and more ductile. However, it also shows a reduction in mechanical strengths. This paper provides an overview
of rubbercrete, highlighting its key challenges, advantages, and properties.
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1. Introduction

The global expansion of the automotive industry has resulted in a significant increase in the number of waste tires.
According to the Ohio EPA, a waste tire is defined as any tire no longer serving its original function as a vehicle tire. Each
year, millions of tons of waste tires are generated, often disposed of improperly due to insufficient enforcement of
regulations and poor waste management practices. This improper disposal contributes to environmental challenges,
including occupying vast landfill space and creating potential breeding grounds for mosquitoes, rats, and rodents.
Moreover, waste tires are highly flammable, and illegal burning releases thick, toxic black smoke, further harming the
environment [1, 2,3,4,5].

Burning waste tires releases heavy metals such as iron, lead, zinc, chromium, and cadmium, posing a threat to nearby
living organisms. Both controlled and uncontrolled tire burning emits various mutagenic and carcinogenic chemicals.
In landfills, leachate from burning scrap tires can seep into the soil, contaminating groundwater. Additionally, scrap
tires are bulky, with 75% of their volume being void, which consumes valuable landfill space [6, 7, 8, 9]. Burying scrap
tires in landfills reduces the service life of these sites, as tires tend to float to the surface, damaging the anti-leakage
cover due to their inability to compress. During rainfall, water can infiltrate torn landfill caps, mixing with waste to
produce leachate that contaminates nearby waterways, posing health risks to consumers. The damaged caps also allow
rodents and insects to enter, causing further health and environmental issues. Therefore, a holistic and environmentally
friendly disposal method is necessary to address the challenges of waste tire management. Classified as special solid
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waste due to the difficulties in their treatment, storage, and disposal, waste tires require special handling. Recycling
provides a valuable resource for creating sustainable, eco-friendly products while offering an economic viable solution
for managing scrap tires properly [10, 11, 12].

2. Recycling of waste tires and production of crumb rubber

In practical application, waste tires can be recycled mainly through two methods. In the first method, the whole waste
tire can be used for applications such as slope stability, boat bumpers and infill materials for embankment. In the second
method, recycling waste tires to produce several products such as moulded rubber products, electrical coating, rubber
product, rubberized sport field and playground surface. In the United States, the distribution of utilizing waste tires
includes 7% for civil engineering applications, 26% ground rubber, 11% land disposal, 49% tire-derived fuel and 7%
miss-used [13,14]. Waste tires consist of rubber, steel wire and textile. To produce crumb rubber from the waste tires,
two methods which are mechanical and cryogenic process are available. The cryogenic process requires liquid nitrogen
to freeze tire chips prior to size reduction. While in the mechanical process, waste tires are to be collected and sent to
the recycling factory for processing. Those tires are then sorted based on their size and the process starts by separating
the steel wires from the sidewalls of the tires by using rotating corrugated steel drums or cracker mill. As shown in
Figure 1, in the mechanical process, waste tires are to be collected and sent to the factory for processing. The process
starts by separating the steel wires from the sidewalls by using rotating corrugated steel drums or cracker mill. The
shredding process of tires reduced the size of rubber into 100 mm to 50 mm. In the primary and secondary granulation
process then further reduced the size from 50 mm to 10 mm. The screen and gravity separator are used to remove the
steel fiber, then tires chips are grinded to smaller size to produce crumb rubber. Generally, the processed scrap tires
are classified according to size such as rubber chips with size ranges between 25 mm to 50 mm and crumb rubber with
size ranges between 4.75 mm to 0.075 mm. As rubber chips size is equivalent to coarse aggregates size and crumb
rubber size is equivalent to fine aggregate size, therefore, rubber chip and crumb rubber have been used in concrete
industry as replacement to coarse and fine aggregates. The inclusion of crumb rubber into the concrete leads to various
effects on the properties of the concrete depending on several factors such as the size and amount of aggregate replaced
[15,16,17,18].

shredding process Primary granulation process ‘

Cracking or grinding rolling mills Secondary granulation process

Figure 1 Process of producing crumb rubber

3. Utilization of crumb rubber in concrete

Crumb rubber is being used in a wide range applications in the civil engineering idustry like asphalt pavement,
breakwater, retaining wall, artificial turf field, concrete and for architectural purposes. Asphalt pavement containing
crumb rubber particles to ease the noise pollution in urban area. While utilizing crumb rubber in backfill materials in
retaining structures application leads to about 60% cost reduction. The rubberised artificial turf field for playground
floor exhibits various advantages over the traditional playground surface as it requires less maintenance, durable, long
lasting and safer. However, to achieve a successful waste management of waste tires, research trend is focusing on
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utilizing crumb rubber from waste tires as replacement to fine aggregate in concrete production [19,20, 21]. This is
justified by several facts such as the global annual production of 3820 billion cubic meter of concrete which puts it next
to water consumption per capita providing an opportunity to utilise significant quantities of waste tires. The crumb
rubber particles can be produced in size is comparable to size of natural fine aggregate uses in concrete production as
shown in Figure 2. In addition, replacing the natural aggregate in concrete with crumb rubber help in preserving the
natural resources. Finally, concrete containing crumb rubber exhibits several advantages in comparison to conventional
concrete such as lighter in weight, more ductile, higher electrical resistivity, and as well as better thermal and acoustic
properties [22, 23, 24].
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Figure 2 Grading curves of fine sand and crumb rubber (59)

4. Challenges and mitigation of utilizing Crumb Rubber in Concrete
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Figure 3 Microstructure of rubbercrete due to hydrophobic nature of crumb rubber [60]

Despite the advantages of concrete containing crumb rubber (rubbercrete), the most significant challenge is the
reduction in the mechanical strengths in comparison to conventional concrete. This due to the hydrophobic nature of
crumb rubber, which tends to repel water and entrap air on its surface during mixing process, thus thickening the
interfacial transition zone (ITZ) and increasing the air voids in the hardened rubbercrete as shown in Figure 3. In
addition, the irregular shape and impervious surface of crumb rubber particles contributes to reducing the bonding
between crumb rubber particles and the hardened cement paste. under loading application on rubbercrete, micro-
cracks initiates and propagates at the weak ITZ between crumb rubber particles and hardened cement paste due to
difference in strain rates between rubber and hardened cement paste which eventually leads to premature failure. This
limits the usage of rubbercrete to non-structural applications. Researchers have addressed this issue through various
techniques, including treating the surface of crumb rubber (CR) with water, carbon tetrachloride solvent, and latex
admixture; pre-coating CR with cement paste and METHOCEL cellulose ether solution; partially replacing cement with
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silica fume; treating CR with organic sulfur; using limestone powder as filler combined with an acrylic-based
superplasticizer admixture; partially replacing cement with a mixture of silica fume and limestone powder; utilizing fly
ash and metakaolin as cement substitutes; treating the CR surface with NaOH and bonding fine aggregate to the CR; and
pre-coating CR with limestone. [25, 26, 27]. However, the most effective results in compensating for the strength
reduction in rubbercrete have been achieved by incorporating up to 5% nano-silica by weight of cementitious materials
and up to 0.08% graphene oxide into the rubbercrete mixture [28, 29, 30, 31, 32,33, 34, 35, 36, 37].

5. Properties of Rubbercrete

Rubbercrete exhibits several advantages over the conventional concrete. In the current research trend, researchers
focus on developing rubbercrete containing crumb rubber as partial replacement to fine aggregate. This is justified by
research findings which showing that replacing coarse aggregates with rubber chipping leads to dramatical reduction
in strengths of the rubbercrete. Therefore, in this paper rubbercrete refers to concrete containing crumb rubber as
partial replacement to fine aggregate [38, 39, 40]. The density of rubbercrete is inversely proportioned to the crumb
rubber content since specific density of crumb rubber is lower than that of natural fine aggregate, therefore, replacing
fine aggregate with crumb rubber leads to reduction in the density of the rubbercrete. Beside the low specific gravity of
crumb rubber, the non-polar surface of crumb rubber particles entraps air during the mixing process increasing air
voids in the microstructure of the hardening rubbercrete contributes to the lower density. The decreasing in density of
the rubbercrete allows the development of lighter concrete [41, 42, 43]. High percentage of crumb rubber in rubbercrete
resulting in reduction in the modulus of elasticity. This attributed to the lower elasticity modulus of the crumb rubber
particles in comparison to natural fine aggregates. Unlike brittle characteristic of conventional concrete, rubbercrete
exhibits higher ductility and gradual failure behaviour [44,45, 46]. Hardened rubbercrete remains intact beyond the
failure load due to the elongation and ductile behaviour of the rubber and the ability of rubber to bridge the cracks as
shown in Figure 4. This indicates the ability of rubbercrete to absorb dynamic load, resist crack propagation, high
ductility and energy dissipation capacity. Ductile behavior of rubbercrete makes it suitable for area prone to earthquake
as high energy absorption is required to minimize the structural damage [47,48, 49].

Figure 4 Failure mode of rubbercrete (61)

Compressive strength is one of the most adversely affected property of the rubbercrete. Utilizing crumb rubber in
concrete, will lead to a reduction in the compressive strength. As shown in Figure 5, the reduction in the compressive
strength increases as the replacement percentage of crumb rubber increasing [50,51,52]. Therefore, to mitigate the
adverse effects of inclusion the crumb rubber into concrete, it has been suggested that crumb rubber replacement
should not exceed 30%. Beside the weak bonding between crumb rubber particles and hardened cement paste, the
reduction in compressive strength is attributed to the soft nature and lower stiffness of crumb rubber particle as
compared to natural aggregate. During loading application, the soft crumb rubber particles act as stress concentration
points in the composite, thus leading to debonding of crumb rubber and initiation of microcracks [53, 54].
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Figure 5 Compressive strength of rubbercrete (64)

In comparison to conventional concrete, rubbercrete exhibits a good sound absorption. Sound absorption is ability of
the material to absorb the sound and not reflecting it back. This is due to ability of rubbercrete to absorb sound through
the entrapped air on crumb rubber surface inside the microstructure of rubbercrete. Crumb rubber also perform well
as a modifier in bituminous binder, allowing better noise reduction [55, 56, 57]. Rubber is essential insulator materials
in the electrical industry. Crumb rubber particles offer better electrical insulation property of the rubbercrete compared
to the conventional concrete, which makes rubbercrete has a good electrical resistivity [58,59]. In addition, increases
the amount of crumb rubber replacement leads to increasing the thermal resistivity, in other words, decreasing the
thermal conductivity of the rubbercrete in comparison to conventional concrete. 50% crumb rubber replacement
reduce the thermal conductivity up to 50% as depicted in Figure 6 [63,64,65,66,67,68,69].
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Figure 6 Thermal conductivity of rubbercrete (62)

6. Conclusion

The following conclusions can be drawn from this paper:

e Stockpiles of waste tires have a negative impact on both the environment and public health, as these non-
biodegradable materials offer limited recycling opportunities.
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Using crumb rubber from recycled waste tires as a partial replacement for fine aggregate in the concrete
industry offers several benefits, such as effective waste management, improved physical properties of
rubbercrete compared to conventional concrete, and the conservation of natural resources.

Various techniques have been explored by researchers to counteract the reduction in strength caused by the
inclusion of crumb rubber in concrete. These include surface treatments, coating the rubber particles, adding
cementitious materials, and incorporating nanomaterials
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