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Abstract. This study represents procedures and material to improve sound transmission loss through concrete
without having any significant effects on mechanical properties. To prevent noise pollution damaging effects, and for
reducing the transmission of the noises from streets to residential buildings, sound absorbing materials could be
effectively produced. For this purpose, a number of several mixture designs have been investigated in this study to
reduce the sound transmission through concrete, including control sample and three mixtures with recycled rubber with
sizes of from Imm up to 3 mm to limit the sound transmission. The rubber is used as a replacement of 5, 10, and 15
percent of sand aggregates. First, 7, 14 and 28-day strengths of the concrete have been measured. Subsequently, the
sound transmission losses through the samples have been measured at the range of 63 Hz up to 6300 Hz by using
impedance tube and the transfer function. The results show specimens containing 15% fine-grained crumbs, the loss
of sound transmission were up to 190%, and for samples with 15% coarse-grained rubber, the loss of sound
transmission were up to 228%, respectively. It is shown that concrete with recycled rubber crumbs could effectively
improve environmental noise absorption.
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1. Introduction

Sound pollution could be considered as a harmful factor for natural inhabitant, and environment.
Urbanism, airports developments, and construction of highways around cities, could cause
significant amount of noise pollution due to traffic having harmful effects on the habitants. In spite
of industrial advances, exposure to excessive permissible sound is still one of the most hazardous
health problems threatening the residents of urban areas and industrial workers in the world (Cho,
2013; Craik, 1982; Sousa and Gibbs, 2011; Kihlman, 1970; Ren et al., 2020; Farzampour and
Eatherton, 2019; Farzampour et al. 2020; Williams and Partheeban, 2018, Farzmpour et al. 2019a,
2019b and 2019c; Paslar et al. 2020a; Paslar et al. 2020b). As sound waves encounter a solid
hardboard, in addition to reflecting and absorbing waves, they pass through the surface which could
negatively affect the health of residents. Researchers have conducted several studies on the sound
transmission loss (STL) from materials from year 1990 to 2016 (Concha-Barrientos et al., 2004;
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Forouharmajd et al., 2016; Gholami et al., 2014; Yousefzadeh et al., 2008). Using materials that
reduce the transmission of sound in private, public and industrial spaces can have a significant role
in controlling sound and extra noise inside of buildings. Sound transmission loss through the
concrete is estimated by two general measurement methods. The first method is to evaluate the sound
transmission class and the second method is to calculate the transmission loss by using the
impedance tube.(ASTM, 2009; Gholami et al., 2014).

Concrete is typically implemented for having high compressive and tensile strength for use in
various structural applications. However, this material loses it’s resistance under environmental
conditions, causing crack propagations and degradations. There are several producers to implement
and refine the concrete to withstand the excessive environmental conditions by using additive
materials, fibers and rubber crumbs in different shapes (Hosseini, 2020; Erdogdu et al., 2019; Fayed
and Mansour, 2020) and mechanical properties leading to desirable resistance and durability
(Farzampour, 2017, Farzampour et al. 2018). It is previously shown that adding blast furnace slag
and fly ash could be useful in developing concrete resistance; however, improving the concrete
behavior against transmitting the environmental loss is in need further investigations. Along the
same lines, use of mineral admixtures is limited, and improvement methods are necessary for use in
general applications and reducing the negative conditions threating the residential health
(Farzampour, 2019; Mansouri et al., 2020; Chalangaran et al. 2020). Implementation of different
materials for reducing the extra environmental noises could be used for various private and industrial
sectors concrete applications (Forouharmajd and Mohammadi, 2016; Forouharmajd et al., 2016).

At this point there are a few major procedures to estimate the sound loss of different materials
(Yousefzadeh et al., 2008). It is shown that using impedance tube of the transfer could effectively
estimate the sound transmission loss compared to the rest of the procedures (Yousefzadeh et al.,
2008). Along the same lines, previous studies showed that adding 10%, 20% and 30% plastic crumbs
for reducing the heat transmission within the panel, and concluded that adding plastic crumbs could
be useful for preventing heat transmission compared to the simple concrete panel (Batayneh et al.,
2008; Ganjian et al., 2009; Rahim et al., 2013). Several researchers have examined the rate of sound
transmission loss by testing a room for concrete with high porosity materials (Asdrubali et al., 2008;
Collings and Stewart, 2011; Sukontasukkul, 2009). In this method, in a rectangular room with a
smaller side of the sample, an audio source and a microphone are placed inside of the room and a
microphone is placed outside the room. After the noise is emitted by the sound source, the amount
of'sound loss and the amount of sound absorption are measured by the microphone inside and outside
of the room. The results show that by increasing the porous materials in the concrete, the reduction
of sound transmission could be possible (Tan et al., 2016; Uthaichotirat et al., 2020).

In this study, a number of several mixture designs have been investigated to evaluate the sound
transmission through concrete with recycled rubber crumbs with sizes of from 1mm up to 3 mm
initially. Subsequently, the compressive test, and tensile resistance assessments are conducted to
estimate the resistance loss and adhesion quality of rubber crumbs with the concrete matrix. The
strength issues related to use of rubber crumbs in concrete are addressed by indicating the optimized
additives percentages in mixtures. Ultimately, the effectiveness of rubber crumbs with different sizes
in various rubber content for improving the sound transmission loss at specified frequencies ranges
are evaluated and compared.

2. Sound transmission loss evaluation
The mix design is designed according to ACI 211-89 in which the slump is considered between
50mm to 70mm. The compressive strength is measured based on the samples with dimensions of 15



cm x15 cm under 7, 14 and 28 curing days. The splitting tensile strength and Modulus of elasticity
are evaluated with 15x30 cm cylinder samples, and are measured after complete curing condition.
Each additive is examined separately for three different alternatives for strength development.
Ultimately, the optimal compressive strength of Nano-silica with Metakaolin is measured and
combined with the maximum weight amount of rubber crumbs, which is shown in Fig.1.

In this study four mixing designs were examined including one control sample and three mixing
designs containing fine-grained waste rubber crumb aggregates with dimensions of 1-3 mm. The
rubber crumbs have replaced with 5%, 10% and 15% of the sand’s weight. In order to investigate
the compressive strength of the concrete, three samples of 150mm x 150 mm for 7 days old, three
samples for 14 days and three samples for 28 days old were prepared. For better compatibility,
super-plasticizer was used, and in all designs the concrete consistency was remained 10mm = 50mm
(Pfretzschner and Rodriguez, 1999), water-cement ratio is considered to be 0.29.

(a) Fine-grained rubber (b) Coarse-grained rubber

Fig. 1 Fine-grained and coarse grained rubber used for sound loss improvements

The cement used in this study is chloride resistant TYPE 2 for having lower hydration heat.
Chemical analysis of this cement is provided in Table 1. Rubber crumbs used in this research are
obtained from tire wastes of cars with two different sizes. Crushed rubbers with dimensions of 1mm
to 3 mm are named PR and the ones with dimensions of 3mm to 6 mm are named CR (Table 1). The
gravel aggregate are used with dry weight of 1620 kg/m® and the maximum dimension of 12.5 mm.
The almond coarse gravel are considered to have a dry weight of 1600 kg/m® and maximum
dimension of 19 mm. Super plasticizer with commercial brand of Super Plast P.C 5000N is used to
uniformly spread the concrete and prevent the particles from sticking together again by obstructing
the space between particles. This also decreases the mix water up to 30% to improve the ultimate
concrete strength. It is also determined that that by using Nano silica and Metakaolin additives in
the concrete mix design, the water ratio should be set 0.4 or more to compensate the high water
absorption of the additives. The details of rubber and aggregates are shown in Table 1.

Table 1. Common properties of the concrete chemical content



a) The Chemical Component of the concrete

Chemical Component
(%)
Cement
Sio2 21
Al203 5.4
Fe203 421
CaO 63.59
MgO 1.7
S03 1.8
K20 0.8
Na20 0.12
L.O. 1.38

b) The rubber component details

Chemical Component
substance Weight percent
Natural rubber 40%
SBR 30%
Butadiene rubber 20%
Butyl and halogenated butyl 10%
rubber

c) The details of aggregate

Shear type Average size Nominal size
Fine-grained rubber crumb rubber mixture 1-3mm Angular and plain
1,15, 2,25,3mm
Coarse-grained rubber | Crumb rubber mixture 3-6 mm Angular and plain
3.5,4,4.5,5,5.5, 6 mm

Mix design is developed based on the standard procedure of ACI 211-89. For this purpose, four
different mix designs with ultimate strength of 400 kg/cm? are considered, and each mix design
includes three different alternatives with a specific additive. Super plasticizer is initially mixed with
water and poured into the mixer, then additives are added to the mix. Subsequently, the aggregates
and cement are poured into the mixer. For the sample with rubber crumbs, first the rubber crumbs
and sand are mixed and then poured into the mixture following the previous producers for the rest
of the mix designs.
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Fig. 2 Grading curves for used aggregates in concrete mixtures

After thorough mixing, the concrete slump is specified and then sampling is done. It is noted that
in all sampling processes, casts are filled in three layers and each layer is tapped 25 times and finally
smoothed and kept in maintenance pool following ASTM procedures. Table 2 summarizes the
considered samples for sound loss investigations in concrete with recyclable rubber crumbs. To

conduct this test, samples with diameter of 200mm and 50mm in height, as well as specimens with
diameter of 30mm and 50 m in height were produced. To calculate the transducer loss according to
the E2611 standard, the SW422 + SW477 model Impedance tube made by BSWA Company is used.
This device has two no-porous cylinders with tough material and uniform surface to evaluate the
sound frequencies between 63Hz to 1600 Hz for 100mm and 1600Hz and 6300 Hz for 30mm. It is
noted that various parameters such as temperature, humidity and air pressure should be precisely
monitored and reported for having high accuracy of obtaining the data. Based on the E2611 standard,

the room temperature is set to be 20°C, humidity rate index is considered to be 30% and air pressure
is 1.2 kg/m®. Initially the frequencies of 120db were generated in form of white noise throughout
the pipe. Subsequently, by evaluating the sound loss at the locations in which the microphones are
located, the sound transmission functions are evaluated accordingly.
Fig. 3 shows the experimental test for which three microphones are established to send and
retrieve the signal following the digital frequency assessment. The major advantages of using

impedance tube over other methods are the high accuracy of sound loss, applicability of the method
for smaller specimens, and precise calibration possibility. However, for this method the mold should

be designed with high accuracy which might increase the preparations cost.
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Fig. 3 Schematic of impedance tube for sound transmission loss (Jung et al., 2008; Wang et al., 2013; Zhao
et al., 2014)

The kits are used to determine the sound absorption coefficient and surface impedance
considering measurements and calculations that meet the standards ISO 10534-2, ASTM E1050 —
12, and transmission loss ASTM E2611 — 17.

By measuring the sound energy on the both sides of the separator, the sound energy could be
evaluated. Eg.1 and Eq. 2 are used for further calculating the separator transfer coefficients (Chung
and Blaser, 1980; Kimura et al., 2014; Vigran, 2012).
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In which 1 is the separator transfer coefficient, and Wi and Wt are audio power coming to the
separator and audio power transmitted from the separator.

Table 2. Common properties of the concrete chemical content

Name Gravel Sand Cement Water Rubber Plas
(kg/m3) (kg/m3) (kg/m3) | (kg/m3) | (kg/m3) | (kg/m3)
Cont 992 732.39 462.2 132.52 - 1.39
PR 5% 992 695.79 462.2 132.52 36.6 1.39
PR 10% 992 659.16 462.2 132.52 73.23 1.49
PR 15% 992 622.54 462.2 132.52 109.85 1.59
CR 5% 992 695.79 462.2 132.52 36.6 1.59
CR 10% 992 659.16 462.2 132.52 73.23 1.59
CR 15% 992 622.54 462.2 132.52 109.85 1.59




3. Investigations on the concrete mechanical properties

After drying the sample, to measure the compressive strength of concrete, samples from two flat
surface are placed for further investigations. The constant loading speed is applied on the samples
and by dividing the ultimate force applied on the cross-sectional area, the concrete compressive
strength is calculated. Compressive strength, splitting tensile strength and modulus of elasticity are
assessed according to ASTM C469 and C39 standards, which are shown in Fig. 4. To conduct
compressive strength test, nine cubes with dimensions of 15x15 cm following the standard
procedures with ages of 28,14,7 days are selected and evaluated. In addition, for the tensile test three
samples with 15x30cm dimensions and 28 cured days are considered for each mix design. Along
the same lines, to test the static modulus of elasticity using module enclosure, three samples with
15x30 cm dimensions and the curing age of 28 days are assessed. It is noted that samples are taken
out after a day from molds, and after three days in water, they were put under the sunlight.
Subsequently until the experiment, they were put at the ambient temperature. Ultimately, at
minimum, 28 days after, the samples were tested for sound transmission test.

The compressive strength of the samples is investigated to determine the feasibility of this type
of concrete for using as road or wall separators and construction blades. By increasing the amount
of rubber crumbs, further decrease in the concrete’s resistance in generally observed. With replacing
5% of rubber crumbs with the sand, the compressive strength decrease 12.5%, and by increasing the
amount of replacement percentage, the compressive strength in the sample containing the rubber
crumbs decreased by 15.4% to 38.4%. The reason for the resistance loss in rubber-containing
samples is that rubber crumbs are used as a substitute for the stone materials with soft texture and
the presence of the rubber in concrete causes lack of adhesion in materials leading to less
compressive resistance. The failure behavior of the samples shows that the samples bear a high
compressive load after failure and have significant deformation without being collapsed. It is shown
that samples containing rubber crumbs do not collapse after failure and can be reloaded with fewer
loading cycles. This behavior reflects the high energy absorption of rubber-coated concrete. It is
noted that the porosity of all samples was assessed to be with in the range of 3.5 to 5%.
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Fig. 4 Compressive strength of samples containing fine-grained rubber
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By substituting the coarse aggregate with rubber crumbs, significant reduction in ultimate
compressive strength of the concrete samples is observed. It is shown that using rubber crumbs could
lead to 12.5%, 15% and 38.4% decrease in concrete strength with 5%, 10% and 15% rubber content
respectively. This shows that the rubber crumbs could negatively affect the coherency of the mixture;
however, after early cracks under compressive loads, the samples could endure high deformation
without significant disjointments, and prevent the samples from early degradations.

3. Discussion of the results

For conducting STL tests in this study, the impedance tube is used to comparatively analyze the
transducer loss of the control sample and the samples containing the rubber crumbs. Figs 6, 7 and 8
show that the fine-grained rubbers that has been replaced as substitute for the sand have a significant
effect on the reducing the transmission of sound. The most harmful effects of the noise pollution on
human body occur in the frequency range of 4000Hz to 20,000Hz for which the concrete with rubber
crumbs has a major effect in reducing the voice transmissions (Farzampour, 2017).

According to the conducted tests, the more fine-grained rubbers is used, the greater the sound
transmission loss. The sample that contains 15% more coarse-grained rubber has a noticeable
reduction in the range of 2000Hz to 6300Hz compared to other samples. As it is shown, by increasing
5% of the fine rubber crumbs as a substitute for the sand aggregates in the concrete mix, the sound
transmission loss is increased by 8% in average over the frequencies of 63Hz to 1400Hz which are
shown in Figs 9, 10 and 11.
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Fig. 6 STL for the concrete containing 5% fine-grained rubber
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Fig. 7 STL for the concrete containing 10% fine-grained rubber
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Fig. 8 STL for the concrete containing 15%fine-grained rubber

In addition, it is shown that the samples containing rubber crumbs could withstand loading even

after early cracks leading to appropriate energy dissipation. The 15% coarse rubber crumbs could

improve the sound loss by 18% in average as compared to 15% fine rubber crumbs, showing

effectiveness of the coarse aggregates for sound transmission loss (Fig.11) despite the negative

effects on the ultimate compressive strength. It is noted that by increasing the amount of rubber up

to 15%, the compressive strength of the samples decreases up to 38% and 47% of the original sample

in average for fine and coarse rubber crumbs, respectively. The effect of finer rubber crumbs on the

modulus of elasticity are less than the ultimate compressive strength and tensile behavior. In addition,
adding five percent Metakaolin additive could improve modulus of elasticity up to 8%, while adding
five percent Nano silica could lead to lower modulus of elasticity up to 4%. By increasing the coarse

rubber crumbs, the modulus of elasticity has remained unchanged for the samples with optimum
additives; however, adding five more percent fine rubber crumbs leads to 15% reduction in modulus

of elasticity.
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Fig. 9 STL for the concrete containing 5% coarse rubber
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Fig. 10 STL for concrete containing 10%coarse rubber
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Fig. 11 STL for concrete containing 15% coarse rubber

Fig.12 compares the results with the previous studies using different evaluations methods at
frequencies of 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, and 6000Hz. For the concrete with 5% rubber
crumbs, the major sound loss has occurred for the frequencies less than 1000Hz; however, the
highest reduction in transmission is happened for the specimens with 10% rubber crumbs. It is shown
that by increasing the rubber content, the sound loss effects are improved for the frequencies more
than 1000Hz. In addition, the results show that samples containing fine particles in the range of
67Hz to 1400 Hz have a desirable performance compared to the rest of samples. Therefore, based
on the comparisons to the previous studies on the effect of rubber crumbs in concrete admixtures, it
is concluded that rubber crumbs could effectively improve the STL without losing expected
mechanical properties if optimized percentages of additives and rubber are used.
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5. Conclusions

In this study, a number of concrete samples have been investigated to reduce the sound transmission
through concrete, and improve the mechanical characteristics. It is shown that using optimized
percentages of additive could reduce the negative effects of rubber particles in concrete efficiently.
In general, the tube impedance method has shown some disadvantages at low frequencies, and could
have possibility of poor sealing of the sample. Along the same lines, it is concluded that substituting
sand aggregates with rubber crumbs specimens with 15% fine-grained crumbs or 15% coarse-
grained crumbs could improve the STL up to 190% and 228%, while the implementation of 5% and
10% rubber crumb material has desirable effects on low frequencies noises reduction at the range of
63 Hz up to 6300 Hz. It is noted that there are several limitation of the sound transmission test using
an impedance. Testing by two room or impedance tube could have some limitation. In the case of
impedance tube, the results from the low frequency side must not be as accurate as the results from
the high frequency side, which is due to the limitation on the length of the tube itself

Itis shown that concrete with recycled rubber crumbs could effectively improve environmental noise
absorption. Along the same lines, considering the desirable performance of this type of concrete at
the high frequencies, it is possible to use the concrete with rubber crumbs and optimized additives
in the waiting rooms of airports, and for various structural applications close to freeways to reduce
STL without affecting the concrete’s ultimate strength.
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