Proceedings of International Conference on Planning, Architecture & Civil Engineering, 09 - 11 September 2021,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Pre-treatments for Rubberised Concrete (RuC)

A Review

Mohammad Momeen Ul Islam1,2, Jie Li3
1

BSc, Department of Civil Engineering, KUET, Bangladesh (momeen.structure.um@gmail.com)
2
PhD Student, Discipline of Civil and Infrastructure Engineering,
School of Engineering, RMIT University, Melbourne, 3000, Victoria, Australia (s3635276@student.rmit.edu.au)
3
Professor, Discipline of Civil and Infrastructure Engineering,
School of Engineering, RMIT University, Melbourne, 3000, Victoria, Australia

Abstract
Concrete is the most used material all over the world. Enormous research work has been
conducted in finding alternative concrete materials to reduce the consumption of natural
resources and cost along with the environmental advantages. In quest of that waste, Tyre Rubber
could be one of the significant alternatives to conventional concrete materials. Many research
works have been conducted to improve the performance of rubberised concrete because of its
lower strength compared to conventional concrete, and different methods are introduced.
However, mostly, these methods produce lower strength of the RuC, and some of the methods
such as imposing various additives, chemicals, water treatment, and mechanical treatment
showed significant strength development where the pre-treatment of rubber was expensive and
time-consuming. This study will discuss the methods of producing RuC without strength loss,
which will be equivalent to or higher than the conventional concrete strength. The mechanical
and durability properties of this newly developed RuC will be reviewed. Moreover, this study
will investigate and discuss the structural behaviors of reinforced rubberised concrete elements
such as tension stiffening, crack formation under instantaneous loading, post cracking behavior,
and direct tension effect.
Keywords: Rubberised concrete, pre-treatment methods, chemical treatment, physical
treatment.
1. Introduction
A large number of tires are thrown away or buried throughout the world, which seriously
threatens the environment. The disposal of waste tire rubber has turned into a crucial
environmental issue worldwide. It is estimated that approximately 1.5 billion waste tires are
generated each year globally (Malarvizhi et al., 2012). By 2030, the number could reach 5
billion waste tires annually (Thomas and Gupta, 2016a). The potential use of rubber in civil
engineering has been investigated for over 30 years (Nikolaos Oikonomou and S Mavridou,
2009). Some sources even suggest its usage dating back to the 19th century when automobiles
were first invented (Shu and Huang, 2014). Diminishing natural resources consumed by the
construction sector has also accelerated research efforts in promoting the use of recyclable
waste products, such as scrap tyres in construction, as an alternative to non-renewable materials
(ASTM, 2008).
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Rubber can be applied to concrete and mortar by replacing fine aggregates (FA) and coarse
aggregates (CA) or used as the binder. The advantages of incorporating crumb rubber (CR) into
any engineering cementitious composite (ECC) include lowering the CO 2 emissions and
increasing the greenness of the environment (Azevedo et al., 2012; Z. Zhang et al., 2015). Most
research reveals that the ductility, fatigue resistance, and impact resistance of RuC is better than
those of Normal strength concrete (NSC) (Hameed and Shashikala, 2016; D. Li et al., 2018;
Xiao et al., 2009). The desirable applications of RuC involve vibration damping in structures,
industrial floors, road pavements, retaining structures, bridge sidewalks, and decks (G. Li et al.,
2011; Si et al., 2018). RuC could also be utilized in hydraulic structures, such as in tunnels and
dam spillways, where high abrasion resistance is needed (Thomas and Gupta, 2016b); in
thermal and acoustic insulation system (K. Najim and Hall, 2010); in running tracks and
roadside barriers, where high impact energy absorption capacity is needed (T. M. Pham et al.,
2018); in parking areas
; and in cold climate zones with considerable
freeze-thaw effects
. Inclusion of rubber may help the
uniform and easy dilation of concrete under load (Moustafa and ElGawady, 2016) which can
be applied in the construction of structural elements with requirements of moderate strength,
low density, and high toughness (Gonen, 2018). This is because the incorporation of waste
rubber results in poor performance of concrete when it comes to strength in comparison with
the NSC. Therefore, recycling of rubber in concrete production has not been considered a
feasible option for the structural use of concrete (Wu et al., 2020). This research proposal aims
to study the available methods for the pre-treatments of Rubberised Concrete.
2. Rubberised Concrete
Rubberised concrete refers to concrete with rubber particles as a partial or full replacement of
aggregates in it. The application of rubber in concrete production can be dated back to the late
1990s (Heitzman, 1992). However, the concept of adding tire rubber to asphalt cement was first
developed in the 1950s,
1840s (Heitzman, 1992). Nonetheless, the use of crumb rubber modifier (CRM) in asphalt
mixtures was first applied on an existing pavement not until 1964 after successful laboratory
experiments were conducted on crumb rubber in asphalt cement by Flinsteal Cooperation and
U.S. Rubber Reclaiming in the early 1960s (Nunn, 2014). The percent of rubber used in the
paving construction industry gradually increased after the enactment of the Intermodal Surface
Transportation Efficiency Act (ISTEA) in 1991 (Weingroff, 2001), which mandated to use of
at least 5% of recycled rubber by weight of asphalt in pavements. Table 1 presents the
classification of rubber particles used in previous research works. However, by the year 1997,
it increased up to 20% and gained more popularity afterward. Although the use of recycled tire
rubbers has gained attention in asphalt paving, the potential of its use in cement concrete
mixtures was still unaddressed in literature until 1993 (SENOUCI and Eldin, 1993). Only
limited work was presented by researchers to study the efficacy of using scrap recycled tires in
concrete mixtures (Khatib and Bayomy, 1999). However, the prospects of using recycled rubber
particles as aggregates in concrete mixtures have been explored extensively over the past 20
years by researchers. By now, the application of rubberised concrete in different non-structural
and few structural uses is notable
.
2.1 Rubber as Concrete Aggregates
Mechanical and chemical processes have been developed to obtain an optimal rubber particle
size applied to the construction industry (Medina et al., 2017). Rubber particles are generated
from waste tires using two different technologies, namely, mechanical grinding at ambient
temperature and cryogenic grinding at a temperature below the glass transition temperature
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(Medina et al., 2016). Different grinding techniques can yield varying sizes of CR particles, and
the most frequently used size is between 2 and 4 mm (Fraile-Garcia et al., 2018). At present,
waste tire rubber particles can be ground to a particle size of 100 150 µm through new
technology
. A typical diagram of a tyre showing its all parts is
presented in Figure 1. Figure 2 and Figure 3 present the size of the aggregate details used in
previous research works.

Figure 1. Raw materials of the tyre (Baranwal, 2003).
The discarded tire rubber can be classified into the following categories:
1) Shredded or chipped rubber that replaces coarse aggregates (Ganjian et al., 2009): Tires are
300 430 mm length and 100 230 mm width. In the second stage of shredding, the length
would be reduced to 100 150 mm, and then further reduced to 13 76 mm and are called
2)

(Ganjian et al., 2009): It is manufactured in
special mills that grind the tire rubber to granules of size ranging from 0.425 4.75 mm.
Different sizes of rubber particles could be produced depending on the type of mills and the
temperature generated.
3) Ground rubber that can partially replace cement (Ganjian et al., 2009): The size of ground
rubber depends on the equipment used for size reduction. If the micro-milling process is
adopted, the rubber particles could be made into 0.075 0.475 mm. A two-stage process of
magnetic separation and screening would be adopted in the process of making ground
rubber.
2.2 Applications of Rubberised Concrete
Rubberised concrete has been used in different important construction sectors, especially for
non-structural application such as:
1. Highway constructions as a shock absorber.
2. In sound barriers as a sound absorber.
3. In buildings as an earthquake shock-wave absorber.
4. Precast sidewalk panel.
5. Non-load bearing walls.
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Table 1. Classification of the rubber particles used in previous studies.
Name

Replaced
material

Rubber size

Cement (Fernández-Ruiz et al.,
2018)

63 µm 0.63 mm
Length larger than 75 µm can pass #200 sieve
Ash/

20 mesh

powder

Passed No. #30 sieves (0.6 mm)

(Gheni et al., 2019)
Fine
aggregate

(Chen et al., 2019)
(G. Li et al., 2016)

70% from size (mesh 40)

(Aly et al., 2019)

100-600 µm

(Khalili et al., 2018)

1 6 mm

Coarse
aggregate

1 8 mm
30% from size (1 4 mm)

(Jokar et al., 2019)
(K. Meddah et al., 2017)
(Aly et al., 2019)

Fine
aggregate

Granule size 2/4 and 4/6
Granular

Reference

(Girskas and

<4.75 mm

(Ismail et al., 2017)

40% of 1 3 mm and 20% of 3 5 mm size

(Mohammed and
Adamu, 2018)

35% from 1 to 3 mm and 25% from 2 to 4 mm

(Mendis et al., 2017a)

25 mm to 30 mm

Coarse
aggregate

13 mm to 76 mm

(Gerges et al., 2018)
(Ganjian et al., 2009)

Table 2. General composition of CR from waste tires.
Reference

Rubber
Carbon Sulphur
polymers (%) black (%)
(%)

(Ramarad et al., 2015)
(Caggiano et al., 2015)

38.30
44.60

31.30
30.70

(Aiello et al., 2009)

40 55

30-38

3.23
0.50

Ash
content
(%)

Acetone
extract (%)

Water, mineral,
textile material
etc. (%)

5.43
4.20

7.30
16.90

14.44
3.10

3-7

10-20

-

3. Pre-treatments for Rubber Aggregates
Physical and chemical treatments of rubber aggregates are two common methods for improving
rubber properties. These methods improve the interface bond between the rubber aggregates
and the cement matrix. The methods are described in the following sections. Table 2 and Table
3 show the general and chemical properties of tyre rubber, respectively.
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Table 3. Chemical elements of waste tyre rubber.
Reference

C (%) O (%) Zn (%) S (%) Si (%) Mg (%) Al (%) Na (%) H (%) Ga (%)

(Graeff et al.,
87
2012)
(L. Li et al.,
87.51
2014)
(Z. Zhang et al., 91.5
2015)

9.24

1.77

1.07

0.2

0.14

0.08

9.23

1.76

1.08

0.2

0.14

0.08

3.3

3.5

1.2

0.2

0.2

0.1

Figure 2. Rubber aggregates: (A) shredded, (B) crumb, (C) granular, and (D) fiber (K. Najim
and Hall, 2010).

3.1 Physical methods for rubber aggregates
3.1.1 Washing with water
The degree of cleanliness of the rubber surface affects the bond between the rubber and
cement matrix. Washing the rubber with water aims to remove soil, impurities, additives,
and organic materials on the rubber surface during the rubber production process, thereby
improving the bonding of the rubber and cement matrix and enhancing the overall
performance of the rubberised concrete (Eldin and Senouci, 1993; Raffoul et al., 2016;
Richardson et al., 2012).
3.1.2 Pre-coating with cementitious materials
Common pre-cementitious materials include cement paste, silica fume (SF), limestone powder
(LP), and mortar. Overall, the two possible reasons for improving the properties of the
rubberised concrete by pre-coating the rubber with cementitious materials are the following: (1)
A hard shell can be formed on the rubber sur- face by pre-coating with cementitious materials
(Figure 4), thereby enhancing the elastic modulus of the rubber particles, reducing the
difference of the elastic modulus between the rubber particles and the surrounding cement
matrix, and further decreasing the stress concentration (Guo et al., 2017; Huang et al., 2013;
Kashani et al., 2018). (2) Hydrophilic cement shells can replace the surfaces of hydrophobic
rubber particles that interact with cement slurry surfaces (Guo et al., 2017; Huang et al., 2013).
Thus, the interfacial bond between the rubber particles and the cement matrix is improved.
Table 4 summarises the effect of pre-coating with different cementitious materials on some
mechanical properties of rubberised concrete mixture. The results in Table 4 include the
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treatment methods, rubber size, rubber content, rate of change in mechanical properties and type
of rubberised concrete.

Figure 3. Various sizes of scrap tire particles in crumb rubber concrete (a, b, & c - (Mendis et
al., 2017a) , d- (Aslani and Ma and Wan and Muselin, 2018), e- (Raffoul et al., 2016), f(Luhar et al., 2018)).

Figure 4. Crumb Rubber (CR) preparation by the treatment of water-soaking, where (a)
floating of 50% rubber particles, (b) floating of 5% rubber particles after 12 hours, and (c)
floating of 1% rubber particles after 24 hours (Mohammadi et al., 2014).
The bonding strength test (Figure 5) also confirmed that the bonding between the treated rubber
and cement matrix was weaker than that between the untreated rubber and cement matrix.
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Figure 5. Coating of rubber particles by cement (a) before hydration and (b) after hydration
(Huang et al., 2013).

Table 4. The mechanical properties of pre-coated Rubberised Concrete from previous research
works.

Reference

Modulus Splitting
Compressive
Flexural
of
tensile
Treatment for
strength
strength
Rubber size
elasticity strength
pre-coating
change-rate
changechange- change(28 d)
rate (28 d)
rate (28 d) rate (28 d)

(Khalid Battal Najim
2 6 mm
and Hall, 2013)
2.36 4.75 mm
(Kashani et al., 2017)
(Kew et al., 2004)
<20 mm
(Khalid Battal Najim
2 6 mm
and Hall, 2013)
(Meddah et al., 2014)
(Z. Li et al., 1998)
(B. Zhang and Poon,
2018)
a

Cement paste
Cement paste

"16%
"42%

Cement paste

"7 39%

Mortar Gluingsand

"41%

2.5 8 mm

"10%

"15%

"28%

<2.5 mm

Cement paste

1.18 5 mm

Cement paste

Ratio of change = [(rubberised concrete with pre-coated rubber)

"98% (25%
rubber)
;0-36% (50
100%

"4%

"7%

"6 22%

"2 19%

"19%

"11%
"15%

"15%

(rubberised concrete with untreated rubber)/rubberised concrete with untreated rubber] × 100%.
b
Increase: ", Decrease: ;.
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3.2 Chemical treatment of rubber.
3.2.1 NaOH solution
Applying NaOH solution to modify the rubber surface is the most commonly used method to
improve the performance of the rubberised concrete. Three possible reasons are given for using
the NaOH solution: (1) As a heavy-duty cleaner, the NaOH solution can remove oil, dust, and
other impurities on the rubber surface, thereby improving the bonding of the rubber aggregates
and cement matrix (Khorrami et al., 2010). (2) The polarity of the rubber surface can be changed

Figure 6. Bonding strength evaluation through the scheme of sample casting (B. Zhang and
Poon, 2018).
through the NaOH solution treatment, which increases hydrophilicity and roughness of the
rubber surface (Chou et al., 2007; Kashani et al., 2018; Meddah et al., 2014). (3) The possible
presence of zinc stearate on the waste rubber surface can result in poor adhesion of the rubber

Figure 7. The mechanism of surface treatment by NaOH where - (a) the bonding structure
between the group of carboxylic acid and original old rubber aggregate; and (b) the bonding
structure of the by-product produced from the chemical reaction of cis-polyisoprene, NaOH,
and a group of carboxylic acid (Guo et al., 2017).
and cement matrix (Kashani et al., 2018; Mohammadi and Khabbaz, 2015; Nadia Segre et al.,
2002). The NaOH solution can react with zinc stearate to form sodium stearate, which is soluble
in water and is removed from the surface when the treated rubber is rinsed (Kashani et al., 2018;
Pacheco-Torgal et al., 2012). Figure 6 and Figure 7 show the bonding strength and mechanism
of NaOH treatment, respectively.
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3.2.2 Acid Solution
Acid solution treatment can dissolve esters, lactones, or carboxylic compounds on the rubber
surfaces, which increases the hydrophilicity of rubber (Xavier Colom et al., 2006; X Colom et
al., 2007). Moreover, acid treatment can modify the roughness and shape of the rubber particle
surface (Kashani et al., 2018; Medina et al., 2018; Muñoz-Sánchez et al., 2017). Acid treatment
forms several contact points at different heights on the surface of the particles and positively
affects cement matrix and rubber adhesion (Kashani et al., 2018). Therefore, rubber particles
are wrapped ineffectively by hydration products of cement during the setting time (Kashani et
al., 2018; Muñoz-Sánchez et al., 2017).
3.2.3 KMnO4 solution
KMnO4 solution can oxidise the active groups on the surface of rubber particles, improve the
hydrophilicity of rubber particles and reduce the amount of air entrainment (He et al., 2016).
Kashani et al. (2018) (Kashani et al., 2018) treated rubber with 5% KMnO 4 solution for 2 h and
found that KMnO4 solution oxidation increases the strength of foam concrete by 37%. He et al.
(2016) (He et al., 2016) proposed a three-stage process in which rubber is treated with NaOH,
KMnO4, and NaHSO3 solution. The rubber modification flow chart is shown in Figure 8.

Figure 8. Process of Rubber modification (He et al., 2016).
3.2.4 Acetone Solution
Acetone is an organic solvent that changes the structure of rubber to improve the adhesion
between the rubber and cement (Rivas-Vázquez et al., 2015). Rivas-Vázquez et al. (2015)
treated rubber with ethanol, methanol and acetone. Tire rubber treatment with acetone results
in the highest degree of mechanical strength increase of the sample. Ace- tone treatment causes
a significant change in structure and increases surface hydrophilicity compared with that of
untreated rubber, with a maximum strength of 220 MPa. However, acetone is a toxic organic
substance and is thereby not suitable for wide use as a rubber modifier.
3.2.5 Ca(OH)2 solution
Ca(OH)2 is a major component of portlandite, a mineral phase that appears during the hydration
of cement and hardens with other hydration products (i.e. C-S-H and ettringite [Aft]). MuñozSánchez et al. (2017) (Muñoz-Sánchez et al., 2017) treated rubber with Ca(OH) 2 solution and
found that the compressive strength and flexural strength of rubberised mortar is increased by
33% and 26%, respectively. The treatment effect of Ca(OH) 2 solution is close to that of the
NaOH solution. Overall, Ca(OH)2 solution exhibited weaker alkalinity, lower hazard level and
more environmentally friendly features than those of the NaOH solution.
4. Conclusion
This paper discussed about the available methods to produce rubberised concrete from previous
research works. The properties of rubberised concrete for different methods has been focused.
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