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Abstract: Rubberized concrete has emerged as a significant research area over the past few decades
due to its unique properties such as vibration and noise absorption, impact and abrasion resistance, and
thermal resistance. End-of-life tyres (EOLT) can be used for producing rubberized concrete, which is
environmentally friendly and sustainable for various construction applications. This study aims to
develop a high-rubber-content (80% volume replacement of aggregate) eco-friendly concrete mix design
that has better workability, mechanical strength, and acoustic performance compared with previous
studies. The effect of different rubber contents and the distribution of rubber on the mechanical and
acoustic properties of rubberized concrete were assessed in this study. Mixes with varying rubber
proportions (0%, 40%, and 80% replacement of aggregate by volume) were tested, and the mechanical
behaviour (compression and flexure) and acoustic properties (sound absorption and reflection) of the
mixes were analysed. It was found that the increase in rubber content, as well as the replacement
method (i.e., replacement of coarse sand or coarse aggregate with rubber), affected the mechanical
strength. While the compressive strength reduced by up to 75% with 80% rubber replacement and
flexural strength was reduced by just 38% compared to the control mix, while the acoustic absorption
improved significantly. Generally, the sound absorption of rubberized concrete improved nearly twice as
much as that of conventional concrete mixes. The noise reduction coefficient also increased for mixes
with 80% rubber volume replacement.
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Introduction

According to a Tyre Stewardship Australia (TSA) report[1], 466,000 tonnes of End-Of-Life Tyres (EOLT)
were generated in Australia between 2018-2019 [2]. Accumulating EOLT in yards and disposal sites
can cause the leaching of toxic chemicals and can become breeding grounds for insects such as
mosquitos. One method to dispose of the EOLT is to blend it with concrete for various construction
applications, such as developing noise attenuation walls, thermal insulation panels, blast resistive walls,
and abrasion resistive pavements.

As rubber itself is a better sound, thermal, abrasion, and shock absorptive material compared to that of
conventional concrete, the combination of rubber with concrete can improve these qualities in concrete.
However, due to the lower elastic modulus of rubber, as well as the weaker Interface Transition Zone
(ITZ) between rubber particles and the cement matrix, rubberized concrete demonstrates lower
mechanical strength compared to basic concrete [3-5].

A significant amount of research has been performed on improving the mechanical strength of
rubberized concrete by introducing various mix designs [6-8]. However, most of these studies focus only
on low percentages of rubber content in industrial applications (not greater than 50% replacement of
aggregate by rubber, with most studies being not greater than 10%) as, with increasing rubber
percentages, the concrete’s mechanical strength reduces rapidly [9, 10]. The focus of this study is to
develop a rubberized concrete mix with a high rubber content (80% volume replacement of coarse
aggregate).

The effect of replacing both coarse and fine aggregate with rubber is examined in this study. Additionally,
acoustic performance of the concrete mix designs is tested. Specifically, the sound absorption and
reflection capabilities of the different mixes and the effect of the aggregate replacement method on
acoustic performance is investigated. The study aims to develop suitable mix designs for noise
absorption walls containing a high content of EOLT rubber.



Materials and Methodoloqy

Materials and mix designs

The four mix designs presented in Table 1 were tested. Rubber granules consisting of EOLT shreds
with a 15 mm maximum particle size were used. The coarse aggregate had a maximum particle size of
10 mm. The particle size distribution of the aggregates is shown in Figure 1. The binding materials
consisted of 65% by volume of cement, 15% Fly Ash and 20% Ground Granulated Blast Furnace Slag
(GGBFS). Additionally, air-entraining admixture (100 ml per 100 kg of binder) and superplasticizer
(1200 ml per 100 kg of binder) were used as admixtures. The water-to-binder ratio was kept at 0.37 for
all the mixes.

Table 1: Mix proportions (kg.m)

MIX Fl 10 mm Coarse Coarse Fine 15 mm

ID Cement as}rll GGBFS aggregate sand sand Shreds Water
MO 293 45 86 935 616 264 0 158
M1 293 45 86 561 616 264 134 158
M2 293 45 86 935 370 264 177 158
M3 293 45 86 187 616 264 268 158
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Figure 1: Particle size distribution for aggregates

Mix MO is the control mix without any EOLT rubber. Mixes M1 and M3 have 40%, and 80% replacement
of rubber respectively, and replacing 10 mm coarse aggregate by volume. Mix M2 replaces 80% of
coarse sand by volume with EOLT rubber shreds.

Methodology

The dry materials were initially mixed in a pan mixer with a volume capacity of 0.1 m?3 for approximately
5 minutes. Next, part of the water was added to the dry mix and mixing continued for a further 2 minutes.
Another part of the water was mixed with the superplasticizer and air entraining admixtures separately
and then added to the wet mix. The final mixing was done for approximately 3 to 4 minutes until a



consistent mix was achieved. The amount of added water was adjusted after measuring the moisture
content of the aggregates and considering their water absorption capacity before mixing. After the final
mixing, the slump was measured using the procedure of AS 1012.3.1-2014[11].

Following mixing, testing specimens were cast as follows: six 100 mm diameter by 200 mm high
cylinders (for compression testing at 7 and 28 days), three 100 mm by 100 mm by 550 mm long prisms
(for 28-day flexural testing), and three 100 mm diameter by 100 mm high cylinders for acoustic
measurements. All specimens were cured in a water bath as per the AS 1012.8.1-2014 standards[12]
and AS 1012.8.2-2014[13] standards until the test date.

Compression testing was conducted in accordance with AS 1012.9-2014 standards[14] 28 days after
the casting date. An AVERY compression testing machine with an 1800 kN capacity was used, applying
a load rate of 20 + 2 MPa.min™', in accordance with the standard.

Two-point flexural testing following AS 1012.11-2000[15] was conducted using a Shimadzu universal
testing machine with 300 kN capacity. The span length between supports was kept at 300 mm, and the
distance between the loads was kept at 100 mm. A load rate of 1 £ 0.1 MPa.min"' was applied to
determine the failure load. The flexural strength was calculated using the equation given in the standard
AS 1012.11-2000[15].

Acoustic testing was conducted using a Briiel & Kjeer impedance tube (type 4206). The two-microphone
transfer function method in accordance with ISO 10534-2:2002[16] was used in the setup, and ASTM
E1050-19[17] was used to assess the acoustic absorption and reflection properties of the specimens.
The impedance tube used measures the acoustic absorption and reflection coefficients accurately over
the frequency range of 400 Hz to 1600 Hz. The absorption coefficient (normal incidence) has a value
between 0 to 1, where 0 is non-absorptive, purely reflective, and 1 is purely absorptive. Similarly, the
reflection coefficient has a value between 0 to 1, where 0 is non-reflective, purely absorptive, and a
value of 1 is purely reflective.

Results and Discussion

Workability

The slump values for mixes MO to M3 are shown in Figure 2; the slump varied from a low of 125 mm for
M3 to a high of 250 mm for M2. All the mixes other than M2 showed are of a good level of workability.
While M2 had the highest slump, there was segregation and bleeding of water occurred in the mix. As
a result, a collapse slump was achieved where some of the water separated from the mix. The main
reason for the bleeding and segregation in M2 is the loss of finer particles from the mix after replacing
a portion of coarse sand with larger-sized rubber particles. Therefore, it is suggested in this study that
the aggregates to be replaced should have a similar particle size distribution to the substituted rubber.
It should be noted that even though the slump values are higher for the control and M1 mixes, no
segregation or bleeding of water was not observed in these mixes.

Generally, increasing the rubber content decreases the slump height and the workability of a mix due to
the higher inter-particle friction between rubber aggregates. Hence, M3 has the lowest slump with the
highest rubber content.
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Figure 2: Slump for each mix (in mm)

Mechanical properties and density

Mechanical strength

The compressive strength variation (7 days and 28 days) and the flexural strength variation (28 days)
of the mixes are shown in Figure 3. As the rubber content is increased, both the flexural strength and
compressive strength decrease. When comparing M2 and M3 mixes with the same 80% rubber volume
replacement, M2 shows higher 28 days mechanical properties. One reason for this is the lower amount
of rubber content (by weight) in M2 compared to M3 (Table 1). Additionally, M2 has a higher fraction of
coarse aggregate, which contributes to its higher mechanical strength compared to M3. The maximum
compressive strength reduction is around 75% for the M3 mix.

The mechanical strength results suggest that replacing coarse sand with rubber is more beneficial for
concrete strength than replacing larger coarse aggregates.
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Figure 3: (a) Compressive strength (b) flexural strength at 28 days



Density

The densities (at 28 days) of hardened concrete are shown in Figure 4. Mix M3 has the lowest density
due to its higher rubber content, and is 88% of the density of the control MO. Mix M2 does not have a
significant reduction of density due to higher content of 10 mm coarse aggregate and lower rubber
percentage compared to M3. Hence, replacing larger aggregates (with higher unit weight) with rubber
is favourable in reducing the density of concrete.
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Figure 4: Density values of the mixes

Acoustic properties

Figure 5 shows the sound absorption coefficient and sound reflection coefficient variation with frequency
for different mixes. For the tested frequency range, all the mixes show an increasing sound absorption
coefficient with increasing frequency. Mix MO without rubber has the lowest sound absorption coefficient
and the highest sound reflection coefficient over the entire frequency range. Mix M2 has the highest
sound absorption coefficient compared to other mixes in the 1000 Hz to 1600 Hz frequency range.
Traffic noise resulting from tyre and road contact occurs predominately over the 500 Hz to 2000 Hz
frequency range [18]. Hence, as mixes M2 and M3 show better sound absorption performances over
this frequency range, compared to the control MO. Thus, M2 and M3 are most suitable for traffic noise-
absorbing wall panels, improving sound absorption by more than 25% compared to the MO mix.

From the sound absorption and reflection coefficients in Figure 5, it is observed that the replacement of
coarse sand with rubber performs well in absorbing sound compared to replacing coarse aggregate with
rubber. The main reason for this is the replacement of finer particles using larger size particles and,
hence, increasing the larger pores in the hardened concrete (fewer fine particles to fill the large pores).
As a result, sound energy will dissipate by the vibration of the air inside pores and by the friction of the
granular material [19].
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Figure 5: (a) Sound absorption coefficient (b) sound reflection coefficient

As shown in Figure 5, sound absorption is not constant and changes with frequency. To compare the
overall sound absorption performance of the mixes, a single value as defined in ASTM C423-22[20] is
used, referred to as the Noise Reduction Coefficient (NRC). The average sound absorption coefficient
values at 250 Hz, 500 Hz, 1000 Hz, and 2000 Hz rounded to the nearest 0.05 is considered as the NRC
value in the standard. However, in this study, only the frequency range of 400 Hz to 1600 Hz are
considered. Thus, a modified NRC value is taken as being the average value of the sound absorption
coefficient at 400 Hz, 500 Hz, 1000 Hz, and 1600 Hz. The NRC values achieved for MO, M1, M2, and
M3 are 0.1, 0.1, 0.15, and 0.15, respectively.

Conclusions

This study aimed to develop eco-friendly rubberized concrete with higher rubber content for use in noise
barrier walls. The mechanical strength and acoustic absorption performance variation with different
rubber content, as well as with the rubber replacement method, were assessed. The following
conclusions are made:

¢ Increasing rubber content in concrete reduces slump and workability. Replacing coarse sand
with rubber causes increased slump and leads to bleeding and segregation in the wet concrete
mix. This is most likely due to the reduction of finer particles in the mix.

e Compressive strength and flexural strength both decrease with increasing rubber content.

¢ Replacement of coarse aggregate with rubber reduces mechanical strength compared to the
replacement of coarse sand with rubber with the same rubber volume fraction.

e Increasing the rubber content of a mix reduces the density. The density reduction is higher for
coarse aggregate replacement rather than coarse sand replacement with rubber.

e The coefficient of acoustic absorption increases with increasing rubber content. The absorption
coefficient is higher over the frequency range of 1000 Hz to 1600 Hz for the mix where coarse
sand was replaced with rubber (M2). Hence, increasing the fraction of coarse aggregate and
rubber in a mix will be beneficial in improving the acoustic absorption.

e NRC values calculated using the sound absorption coefficients taken at 400 Hz, 500 Hz, 1000
Hz, and 1600 Hz are similar for both 80% EOLT rubber replacement mix designs (M2 and M3),
irrespective of the aggregate replacement method.

Overall, mix M2 performs well for its mechanical strengths, as well as in absorbing sound. A drawback,
of M2, however, is the segregation and bleeding that occurs. Future studies will focus on this aspect.
Also, the durability performance of the rubberized concrete will be assessed in future studies for
developing an optimum mix design, with the product being a novel mix design for use in noise-absorbing,
acoustic, panels.
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