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Abstract – Modern world is exposed to various environmental concerns which are closely 
related to human health condition. Since the automatization, world became vulnerable to the 
noise and the waste amounts generated. World Health Organization report states, due to 
noise, Western Europe each year loses approximately 1 million of healthy life years. However, 
noise is not the only concern. Tyres, since they were banned from the landfills, became 
enormous problem in a modern society. Approximately 2.6 million tonnes of tyres are 
generated each year in Europe, out of which 320 000 tonnes of Recycled Tyre Textile Fibre 
(RTTF) waste. Practically, rubber granules and metals extracted from tyre can be reused, 
however reusing RTTF is a challenge. The main focus is on the possibility of reuse of RTTF 
in buildings for acoustical comfort improvement. The determination of sound absorption is 
implemented by experimental research, based on ISO 10534 standard, involving five types of 
sound absorbing materials. It was concluded that RTTF has a great potential in use for sound 
absorption structures and can be an alternative substitute to non-renewable and 
non-recyclable materials.  

Keywords – Fibrous sound absorbing materials; mineral wool; sound absorption 
coefficient; tyres waste 

1. INTRODUCTION  

Rapid growth and urbanisation of the cities prone inhabitants to be exposed to the noise 
pollution. Due to the willingness of builders to save money on using less qualitative and 
cheaper materials, new residents suffer from insufficient noise insulation. Concerning this 
reason many residents complain on the noise coming from adjoining apartments, audible 
conversations, and other unwanted and disturbing sounds.  

Each year, only in Europe, approximately 2.6 million tonnes of tyres are disposed, out of 
which about 320 000 tonnes of Recycled Tyres Textile Fibre (RTTF) waste is generated. 
Rubber has been successfully reused for airborne sound insulation in buildings [1], roads 
surface improvement [2], while metals reused in production, and constructions. 

Although, to reduce noise levels at the living environment is complicated, solutions could 
be applied. Mineral wools, expanded polystyrene, rubber and plaster tiles the most common 
solutions for building acoustics [3], however mostly produced from primary raw materials. 
Tyre textile fibre waste, and in general textile waste, has a potential for use in sound 

                                                             
* Corresponding author. 
E-mail address: robert.ruzickij@stud.vgtu.lt 

mailto:robert.ruzickij@stud.vgtu.lt


Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
319 

 

insulation [4]. According to the [4] by obtaining different composites, it was concluded that 
textile fibre wastes improves sound absorption of the material. 

Long and excessive sound level at the living environment causes health deterioration, which 
can lead to the fatal consequences. Continuous excessive noise sets off the body’s acute stress 
response, which raises blood pressure and heart rate, potentially mobilizing a state of 
hyperarousal [5]. The response to that can lead to cardiovascular disease and other health 
issues: sleep disturbance [6], annoyance, tinnitus or even hearing impairment and hearing 
loss [7].  

End-of-life Tyres are one of the main sources of waste in End-of-life Vehicles. Alone in 
Europe, each year about 2.6 million tonnes are disposed, from which about 10 % of total 
weight amount comprises Recycled Tyre Textile Fibre, which is about 320 000 tonnes [8].  

 
Fig. 1. Composition by Mass of EU Car [4] (Note: the amount of textile fibre in Cars varies 5–10 % (mostly 
accepted as 10 %). 

It is important to understand the composition of the End-of-life Tyre. Authors [9] and [10] in 
their researches present the composition and amount of material of total tyre weight. Fig. 1 
presents the composition and materials part of total amount of tyre. 

According to the Fig. 1 detailed composition by mass of car tyres in the EU Market. The data 
reflects the generic (not patented) formula for tyres produced for European Market. Material 
composition varies by category, and nominally in which continent it is produced, although ratio 
of materials stays relatively very similar [10]. 

The nylon could be considered as the thermoplastic [11]. Authors [12] have noted that plastics 
these days is a large-scale problem, but especially – microplastics pollution. Pollution by the 
microplastics rapid growth sends alerts that solutions must be acted now. [13] in their research 
found out that plastics accumulation in the environment is high. [14] in their research presented 
information that in the world ocean, in the depths of more than 2000 meters, the microplastics 
were found. The wildlife of the oceans are ingesting thermoplastics, viscose and other kinds of 
plastics [14]. 

1.1. Sound Absorption in Fibrous Materials 

Sound absorption is a process during which energy of sound is reduced, when the sound 
wave passes through the medium and loses energy there (Fig. 2). The main characteristics of 
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sound absorption is – sound absorption coefficient (α) – which defined as ratio of absorbed 
energy in absorbent and incident energy [15].  

 
Fig. 2. Propagation of sound wave in fibrous materials [16].  

Important to note, that the higher percentage of energy is absorbed into the material, the 
better absorption is, and less energy emitted back to the environment. The principle of finding 
of materials’ α absorption coefficient is calculated: 
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where EA absorbed wave energy, W, and EI incident wave energy, W [17]. 
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where ER reflected wave energy, W, and EI incident wave energy, W [17]. 

 21 | |Rα = − , (3) 

where R sound reflection coefficient [17]. 
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where IAbs. sound intensity absorbed, W/m2, IInc. incident sound intensity, W/m2 [17]. 

Different sound absorbing materials are classified by its’ abilities to absorb sound wave. 
Material considered as a good sound absorbing material which absorbs and transmits more 
sound wave energy rather than reflects. Main parameters that influence absorption of the 
materials, are: 

− thickness of the material; 
− density of the material; 
− porosity of the material [18]. 

Material thickness. The thickness of the absorbing material has an influence in sound 
absorption, although it is only significant at low frequencies, which ranges from 50 to 
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2000 Hz, and mostly has no significant impact on high frequency > 2000 Hz. The reason is, 
that the low frequency sound waves has higher wavelength [19]. The result of thicker 
absorbing material is better sound absorption in low frequencies. Crucial point is the materials 
thickness has to be at least 1/4 of the wavelength to provide an effective sound absorber and 
this is considered to be condition for the lower frequency [17]. 

Material density. Sound absorption is influenced by the materials density. By the acoustic 
impedance determined, that reflection of the material depends on the density, since denser it 
is, the surface becomes more rigid. Widely it is considered that as higher density is, the higher 
sound absorption, however the phenomenon occurs due to mass increase [20]. At higher 
frequencies materials ability to absorb sound decreases due to thickness, which is dominant 
factor [17]. The critical frequencies of 1000 to 4000 Hz strictly limits absorption of the sound 
wave when the incident sound wave is in one phase with reflected wave, the coincidence dip 
phenomenon occurs [21]. The coincidence dip phenomenon can be explained as unison of the 
frequency at which material vibrates and the frequency of incident sound wave [22]. 

Material which has high density, has a larger surface per volume unit and fibres 
content [23]. As the fibres content increases, surface of the absorbent material is exposed to 
more energy loss due to friction, and sound waves are converted to heat energy [24]. It was 
noted by the authors [17] that with decreased size of fibres, airflow increases in-between and 
friction increases too. The statement is that finer particles are better on sound absorption, 
rather than coarser. 

Material porosity. Porosity is the factor, which is simply called volume of the pores in the 
total volume of material. The role of pores is important, whereas acts crucial part of dispersion 
of medium sound waves. The principle of behaviour of sound wave reaching a pore is that 
when it comes into contact with the pore it meets air molecules, which starts to vibrate. The 
wave loses its’ energy due to interaction to the air molecules in the pores and the mechanical 
energy is transformed to heat due to thermal and viscous losses inside the pores’ 
channels [25]. 

The parameter of pore, which makes absorption even better is that pores containing 
continuous channels are tend to better sound absorbing due to multiple interaction with the 
wall of the pore [17]. The other parameter of the pore – diameter – the smaller it is, the better 
absorption, due to at high frequencies of sound wave large gaps has no profound effect on 
absorption [26]. 

The studies were conducted on use of RTTF in concrete [27], asphalt production [28], and 
polypropylene products [29] on mechanical properties improvement, however acoustic 
properties of RTTF are not tested yet. The reuse of RTTF is proposed within this paper. The 
aim of this paper is to characterise and compare RTTF waste sound absorption with well-
known mineral wools in the field. Experimental research was performed using standard 
transfer function method with two microphone impedance tube system. The paper is 
organized as follows: in Sec. 2 research methodology is provided, in Sec. 3 main results and 
discussion, and in Sec. 4 conclusions of the study are presented. 

2. METHODOLOGY OF THE RESEARCH 

For the experimental part three different materials were used: rock wool (RW), glass wool 
(GW) (conventional) and RTTF (unconventional). RTTF used for the experiment was brought 
from the tyre recycling factory from Gargždai town, Lithuania. During the recycling process, 
tyre parts are separated and RTTF is being collected into the bags. The material was dried at 
80 ℃ temperature in a drier, to exclude moisture accumulated during the storage time. Drying 
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process took in total 5 days.  
After the drying process was completed, raw RTTF was mechanically treated into three 

fractions. Treatment was selected due to raw primary material is received in large pieces, 
which can be seen in Fig. 3a. Afterwards, by shredding process, raw primary material was 
comminuted into smaller particles, since raw material was received as packed large pieces 
(Fig. 3b). The rubber particles remained, which are seen in Fig. 4b. Second treatment method 
was purification (Fig. 3c). Primary raw material was purified from rubber particles remain by 
sifting through a sieve. In raw RTTF rubber particles remains make up to 10 % of total weight. 
The rubber particles were removed as much possible, leaving the smallest possible amount. 

 

  
a) b) 

 
c) 

Fig. 3. RTTF samples: a) – raw primary RTTF; b) – shredded RTTF; c) – purified RTTF 

The inner area size of the impedance tube shell is 10 × 10 cm. Since rock and glass wools 
are pre-shaped in advance at the factory, they only needed to be cut into required size. RTTF 
was inserted into the tube to contain 4 cm thickness. Total amount of five samples were 
investigated: rock wool, glass wool, raw RTTF, shredded RTTF, and purified RTTF. 

Sound absorption coefficient α measurement equipment called – impedance tube, is used. 
Impedance tube (Fig. 4) – an equipment used for investigation of sound absorption and 
reflection of material, when the sound wave moves towards the sample. Impedance tube made 
of the thick shell, sound source, microphones, and the space for sample. Using impedance 
tube, non-acoustic parameters of the material can be determined by indirect methods – 
porosity, tortuosity and airflow resistivity [30]. 
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Fig. 4. Impedance tube principle scheme: 1 – impedance tube shell (acrylic glass), 2 – sound speaker, 3 – rigid 
backing, 4 – sound absorption sample, 5 – microphone No. 1, 6 –microphone No. 2 

Impedance tubes differ in their parameters depending on the properties to be investigated. 
The main parameter – diameter. Regarding the diameter, the frequency range in which sound 
absorption coefficient can be measured, determined [31]. 

Method description according to the ISO 10534-1 standard: 
1. Ambient air temperature in impedance tube measured and the sound wave speed is 

determined. The variation of the temperature in impedance tube cannot differ by more 
than 1 Kelvin, otherwise if a drastic change is found, the results are considered 
unrepresentative and the experiment must be repeated; 

2. The sample is tightly installed before the rigid backing and all connecting parts are 
sealed with lithium grease, to prevent sound leaking; 

3. Using sound speaker in impedance tube, pink sound pressure level is released. The 
sound level in impedance tube must be 10 dB higher than the background noise during 
the experiment; 

4. The released sound from the sound source is recorded by the microphones (maximum 
and minimum sound pressure levels); 

5. Sound absorption and reflection coefficients are calculated using software and 
mathematical-physical formulas; 

6. All measurements are repeated 3 times in order to calculate standard deviation and 
have representative data [32]. 

After the measurements, the pressure is determined at each frequency by transfer function 
methods (ISO 10534-2 standard): 

 2
12

1

( )

( )

p f
H

p f
= , (5) 

where 
H12 Transfer function between microphones No. 1 and No. 2; 
p2 Pressure recorded by the second microphone, Pa; 
p1 Pressure recorded by the first microphone, Pa; 
f Frequency, Hz [33]. 
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where 
k0 Wave number in the air; 
f Frequency, Hz; 
c0 Sound wave speed in the air, m/s [33]. 

 0j

I

k sH e−= , (7) 

where HI is incident wave transfer function, and s is distance between microphones, m [33]. 

 0

R

jk sH e= , (8) 

where HR is reflected wave transfer function, and s is distance between microphones, m [33]. 
Sound wave reflection is calculated by the Eq. (9): 

 0 12 j12 I

R 12

k xH H
R e

H H

−
=

−
, (9) 

where 
R Sound reflection coefficient; 
HI Incident wave transfer function; 
HR Reflected wave transfer function; 
k0 Wave number; 
x1 Distance between microphone No. 1 and the sample (x1 = 190 mm) [33]. 

Sound absorption ability is inverse value of sound reflection coefficient of the materials. 
Sound absorption for the flat waves is calculated by the Eq. (10): 

 21 | |Rα = − , (10) 

where α is materials sound absorption coefficient [33]. 
To calculate transfer function MATLAB script was developed. Directly measured 

parameters – sound pressure levels in each microphone and phase shift. 
 In the Sec. 3 the results of the research, based on the methodology, are described.  

3. RESULTS AND DISCUSSION 

Sound absorption measurement results of RW and GW are presented in Fig. 5. According 
to the results, lowest sound absorption was obtained in the low frequency band, i.e. at 250 Hz 
frequency, and sound absorption results were for rock wool – 0.24, and for glass wool 0.25. 
The highest measured materials sound absorption coefficient was obtained at 1600 Hz 
frequency, with increasing frequency. The glass wool result in the 1600 Hz frequency was 
0.77, while RW showed higher sound absorption coefficient 0.93.  

Sound absorption coefficient increases with the frequency. At 250 Hz, the sound 
wavelength is approximately 1.38 meters, and comparing to 1600 Hz, where sound 
wavelength is approximately 0.22 meters. Absorbing materials are effective when materials 
thickness is 1/4 of wavelength at the selected frequency. 
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Fig. 5. Comparison of two conventional materials: rock wool vs. glass wool. 

The difference of two materials at low frequency, 250 Hz frequency band, sound absorption 
is quite similar, by difference of 0.01. While as the frequency of the sound wave increases, 
the difference between two materials becomes clearly visible. The difference becomes 
marginal from 315 Hz, and the biggest difference is observed at 800 Hz frequency (as well 
as at 1000 Hz frequency), where RW absorption coefficient is 0.71 and GW absorption 
coefficient is 0.42 which makes difference of 0.29.  

Sound absorption coefficient of GW at the highest peak is 0.77. Such phenomenon occurs 
due to: materials thickness, density, and porosity. In this case, density plays an important role, 
since GW density is relatively low, comparing to, for instance RW. Average density of glass 
wool was 16.0 kg/m3 and rock wool density was 38.0 kg/m3. For fibrous materials, density is 
one of the important parameters defining the sound absorption coefficient, as higher the 
density is, the higher sound absorption. Higher density of fibrous materials means more 
compressed fibres which results to higher sound absorption coefficient values.  

Results of sound absorption measurements for shredded, raw, and purified RTTF are 
presented in Fig. 6.  

According to the obtained measurements results, the lowest sound absorption coefficient 
was obtained in all samples at 250 Hz frequency, α = 0.28. The maximum sound absorption 
coefficient was obtained in all samples at 1600 Hz frequency. Shredded RTTF sound 
absorption coefficient was 0.95, raw RTTF sound absorption coefficient was 0.92, and 
purified RTTF sound absorption coefficient was 0.97. 

According to the results in the figure, small difference can be obtained between the different 
mechanically treated samples. Results show that in mid-frequency 250 Hz to 1000 Hz, raw 
RTTF showed higher sound absorption coefficient values. Better performance can be 
explained that raw RTTF was more packed and compressed, which made it denser. While 
preparing other samples, they were shredded, purified – mechanically treated, which led to 
material being less dense.  
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Fig. 6. Comparison of non-conventional materials options: shredded RTTF vs. Raw RTTF vs. purified RTTF. 

In measured frequency range, raw RTTF performance on sound absorption is better, 
comparing to shredded and purified RTTF. At higher frequency from 1000 Hz sifted RTTF 
moves forward and its absorption comparing to shredded and raw RTTF is higher. According 
to the results, at frequency bands 1000–1600 Hz, better performance identified in purified 
sample of RTTF, however in overall at this frequency range all samples perform very 
similarly. 

Table 1 represents comparison of all measured samples. According to the results in the table 
the most efficient performance of all samples can be identified.  

TABLE 1. COMPARISON OF MEASURED SAMPLES 

 Frequency, Hz 

Sound absorption coefficient 250 315 400 500 630 800 100 1250 1600 

Rock wool 0.24 0.29 0.35 0.46 0.60 0.71 0.79 0.86 0.93 
Glass wool 0.25 0.25 0.25 0.30 0.35 0.42 0.50 0.65 0.77 
Raw RTTF 0.28 0.36 0.46 0.62 0.75 0.83 0.87 0.89 0.92 
Shredded RTTF 0.28 0.33 0.40 0.57 0.72 0.82 0.89 0.93 0.95 
Purified RTTF 0.28 0.31 0.38 0.52 0.68 0.79 0.87 0.93 0.97 

Regarding the results, conventional material – RW and GW – performance on sound absorption 
is lower than RTTF waste. Comparing any fraction of RTTF to GW, results show that alternative 
materials’ performance is better. 

4. CONCLUSION 

To test RTTF performance for sound absorption applications two conventional materials 
were tested – RW and GW, and one unconventional – RTTF waste. The RTTF was prepared 
in three options – shredded, raw, and purified RTTF. It was estimated that RW sound 
absorption at 250 Hz is 0.24, while at 1600 Hz is 0.93. Secondly, GW sound absorption 
coefficient at 250 Hz was 0.25, and at 1600 Hz was 0.77. By comparing those two, RW 
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performance on sound absorption is greater than GW. 
Sound absorption was measured for raw RTTF, the results were that minimum sound 

absorption gained at low frequency of 250 Hz, and coefficient was 0.28, while at 1600 Hz 
maximum sound absorption was obtained of 0.92. Shredded RTTF similar to raw RTTF, 
sound absorption at 250 Hz coefficient was 0.28, the highest 0.95 result obtained at 1600 Hz. 
Purified RTTF sound absorption coefficient at 250 Hz frequency was 0.28, at 1600 Hz – 0.97.  

By comparing RTTF material options, it was noticed that they perform very similarly. In 
future study the focus will be put on RTTF purification because sound absorption properties 
depending on purification level are unknown. Non-acoustic parameters (density, air flow 
resistivity, porosity) will be investigated in the future studies. 

All measured samples were compared, in order to find out which one is the most efficient 
in sound absorption. RTTF showed results for potential use for sound absorption applications. 
The results in this study shows that RTTF sound absorption values are similar or better 
compared to GW and RW.  
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