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Abstract.Experimental investigations into acoustic properties of building materials and structures manufactured
thereof were conducted in a noise-suppression chamber. A study was made of the noise-suppression efficiency of
chipped scrap tires of different crumb rubber, using the source of constant noise from loudspeakers “Bruel&Kjaer”.
For experiments, crumb rubber of three different sizes was used: crumb rubber I with the size of 0.5-1 mm, II — 4
mm, and III — 6 mm. Scrap-tire crumb rubber was placed into the samples of experimental structures of thickness (50
mm ), and recovered from two different sides of the building materials (gypsum boards, wood cutting boards, wood
boards, metal plate, organic glass). The experimental investigation results show that the coarsest crumb rubber (6
mm) with wood cutting boards is most efficient in suppressing low-frequency sounds (up to 300 Hz), when noise

level reduction gets changed in the range of 53 dB to71dB.

Keywords:.electromagnetic fields, mobile communications, reference level, power density, mobile station antenna.

1.Introduction

With the development of industry, constant
improvement of technologies, irrational and unconditional
use of natural resources throughout the world, humanity
faces not only the environmental pollution problems that
condition the climate change, reduction of biological
diversity, decay of natural ecosystems and separate natural
components, but also its economic and production activity
consequences— the huge amounts of waste. Therefore
waste management is one of the priority environmental
protection areas in the whole of the world.

Rubber waste, especially scrap-tire waste, is one of
the most hardly manageable. Its management and
utilization is a very urgent ecological problem of today.
In the USA alone, the average annual number of scrap
tires accounts for 233 million (Sullivan 2006), in Europe
for 180 million (Asdrubali et al. 2007), in Lithuania for
2006). Vast amounts of scrap tires are placed in dumps,
where they cause a big danger of fire. During such fires,
poisonous smoke is released, and fires are difficult to
extinguish. This causes different environmental problems
and forces to permanently seek for new possibilities and
ways in the field of management, utilization and
recycling of scrap tires.

Rubber waste management may be subdivided into 3
main stages: waste recycling, waste incineration or its

storage in specially installed dumps (Kizinievi¢ et al.
2006). The environmentalists seek by various legal acts to
prohibit the incineration of rubber waste and their
burying in solid waste facilities (Mehta et al. 2004).

Currently, the most popular short—term scrap-tire
management methods are: tire crumbling into rubber,
metal and textile particles of different sizes; tire chopping
and raw material production; use of tires as a scrap in the
rubber industry for the manufacture of rubber
components or new tires; construction of artificial reefs
on the coasts (Collins er al. 2002) and installation of
sports routes and golf sites (Staniskis et al. 2004). One of
the complementary methods in tire repairing is rubber as
a modificator appliance in bitumen and asphalt covering.
Scientific research shows that asphalt mixtures with
rubberised bitumen binders are characterised by high
resistance to permanent deformations (Radziszewski
2007). Rubber and respectively selected binder can be
used to make other structures. For example, in last
century 90s Georgia has used tires and bentonitic binder
to produce sound isolation plates “Askord” (Sivilevi¢ius
2002). Such short-term ways for waste recycling and
management, however, will not solve the problem of
scrap-tire management; therefore the more efficient ways
of this problem solution should be sought for.

One of such ways, in our opinion, is the application
of crumb rubber of scrap tires of different particles in
noise-suppression structures. This is a sufficiently new
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method of tire management not only in Lithuania, but
also in other countries. Such utilization of scrap tires
would help in solving one more ecological problem of
special importance — to reduce the increased noise level
in the anthropogenic environment.

As is known, people are under the constant effect of
noise generated by machines, various equipment and of
some other type; it is especially felt in the places where
industrial and transport centres are concentrated, e.g., in
railway stations, on highways, etc.(VaiSis and JanuSevicius
2009). Within the urban territory, noise is factor, most
irritating the human organism. Noise is the universal
problem, covering all the spheres of human life and work
(Rimovskis and Ramonas 2005). Vehicle—generated noise
in the city centre causes a negative impact on the working
capacity of the centre residents and their health and rest at
night due to the frequently exceeded permissible noise
levels (Grigonis and Paliulis 2009).

Investigations, carried out by the scientists from
Belgium, showed that in the European Union, in the
living environment, the main noise sources are: motor
transport 40 %, neighbours 16 %, airships 11 %, trains 9
%, industry 7 %, etc. (Descornet and Goubert 2006). And
the growth of traffic flows in larger Lithuanian cities has
become a difficult dilemma (Viteikiené and Zavadskas
2007). Noise suppression walls are commonly selected
for protection from motor transport and train noise. In the
structures, noise reflecting materials are most widely
employed, though such walls may be used only in broad
streets and roads (VaisSis and JanuSevicius 2008). In
narrow  streets, noise-absorbing walls shall be
constructed. This is a stimulus for the researchers to
search for materials with good sound-absorbing
properties.

The aim of the work is to evaluate the possibilities
for the application of different-particle scrap-tire crumb
rubber in noise-suppression structures in order to tackle
two priority environmental problems: reduction of the
amount of scrap tires and increased noise level in the
environment.

2. Object and methods of research

Investigation of the possibilities for the application
of chipped scrap tires in noise-suppression structures was
carried out in a noise-suppression chamber in Vilnius
Gediminas Technical University, Department of
Environmental Protection. The chamber is specially
intended for investigation of acoustical properties of
building materials and structures manufactured thereof
(Grubliauskas and Butkus 2009).

In the noise-suppression chamber, rectangular
particles of scrap-tire crumb rubber of three different
sizes underwent study: crumb rubber (finest) I with the
particle size of 0.5-1 mm, crumb rubber II — 4 mm and
crumb rubber (coarsest) III — 6 mm (Fig 1). The samples
of experimental structures, which are of rectangular
parallelipiped form, 1.0 x 1.0 m in size, are filled with
those crumb-rubber particles. The samples of
experimental structures of four different thicknesses were

used for investigation: 50 mm. A grid is fixed on the
wooden frame of the structures.

o

Fig 1. Scrap-tire crumb rubber particles 1 —0.5-1 mm, 2 —
4 mm, 3 -6 mm

During experiments, in the noise-suppression
chamber, for the structures under study (samples of
experimental structures), the sound-absorption coefficient
o, which describes sound energy loss in the material, is
determined. The coefficient a value changes within the
range O-1. The higher the value of the coefficient
obtained, the better sound absorption of the structure.
Volumetric sound-absorption coefficient a is found from
the formula:

o= , ey

where [ — intensity of sound-absorbed wave, W/mz; Iy —
sound-wave intensity at the threshold of audibility, I, =
10" W/mz; | — thickness of structure, cm (Kaulakys
1999).

The sound level (dB), but not the sound intensity, is
measured in the noise-suppression chamber, and therefore
if the relation between those values is known, i.e.
L=10ig(l/I, ), where I, = 10> W/m’, the value of the

volumetric sound absorption coefficient is found:

(Li-Ly)
. Inio 10 , 2
l
whereL; — medium sound pressure level in the source
room, dB; L, — medium sound pressure level in the target
room, dB.

The density of different scrap-tire crumb rubber is
determined. Scrap-tire crumb rubber is poured into the
cylinder with the volume of 10° m’. Crumb rubber
density is calculated according to the formula:

X — X
=<1 3
p v 3
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where x; — cylinder mass, kg; x, — cylinder mass with
crumb rubber, kg; V — cylinder volume, V = 10° m’.

Scrap-tire crumb rubber of different sizes and the
cylinder were weighed thrice. For weighing, the scales
BP 3100 P, which may weigh maximally 3 100 g, were
used. The accuracy of experimental measurements and
data reliability is evaluated by calculating the average
square deviation of the arithmetic mean of measurement
data and absolute error (since n<25, the errors are
evaluated by Student method, where P=95 %).

3. Results and discussion

During investigations, the ability of different scrap-
tire crumb rubber to absorb noise was determined. The
noise suppression characteristic, comprising the
difference of the sound level in the source room, and the
sound level in the target room, was studied. The results
obtained make it possible to compare the acoustical
properties of different scrap-tire crumb rubber, using the
constant noise propagating source.

The experimental investigation results show that if
the samples of experimental construction of 50 mm in
thickness are filled with crumb rubber, the different noise
level reductions are obtained. The data received allow the
statement to be made that for low-frequency reduction
(up to 300 Hz) it would be best to use crumb rubber III (6
mm), the noise level reduction of which reaches even 32
+ 0.3dB. Investigations carried out with crumb rubber I
and II show that the use of those materials for

suppression of low- and medium-frequency sounds (300-
800 Hz) is inefficient, since the sound waves of the said
frequencies are poorly suppressed (Fig 2). For
suppression of high-frequency (over 800 Hz) sounds, it
would be most efficient to use the finest crumb rubber
(0.5-1 mm), since noise level reduction of this crumb
rubber reaches 53 + 0.1 dB.

The results obtained also show that the structure of

samples, 50 mm in thickness, filled with different crumb-
rubber tire particles, at low frequencies (up to 300 Hz)
suppresses the noise better when crumb rubber III (6 mm)
is used. In this case the noise level reduction reaches 35 +
0.1 dB (Fig 3). For high-frequency (over 800 Hz) sound
suppression it is best to use the finest crumb rubber (0.5-
1 mm), since noise level reduction of this crumb rubber
reaches 57 = 0.2 dB.
Experimental investigation data, obtained when filling the
structure of samples, 50 mm in thickness, with crumb
rubber of different sizes, show that at low frequencies (up
to 300 Hz) all three types of scrap-tire crumb rubber
suppress the sound in a similar way, i.e. noise level
reduction for crumb rubber II and III reaches 28 + 0.1 dB,
and for crumb rubber I — 25 = 0.1 dB (Fig 4). For
suppression of medium-frequency sounds (300-800 Hz),
most efficient is the use of crumb rubber II and III, as
their noise level reduction reaches up to 34 + 0.2 dB. For
suppression of high frequency (over 800 Hz) sounds,
however, the finest crumb rubber (0.5-1 mm) is most
efficient for use, since noise level reduction of this crumb
rubber reaches 60 + 0.3 dB.
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Fig 2. Results of noise level reduction in the samples of experimental structures
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Fig 3. Results of noise level reduction in the samples of experimental structures
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Fig 4. Results of noise level reduction in the samples of experimental structures

When studying the sample of experimental

would be used, since noise level reduction with this

structures, 50 mm in thickness, we determined that if the
structure is filled with scrap-tire crumb rubber of
different sizes, the use of crumb rubber III (6 mm) would
be most efficient for low-frequency (up to 300 Hz)
reduction, as noise level reduction in this case reaches 33
dB + 0.1 (Fig 4). And for high-frequency (over 800 Hz)
sound suppression the finest crumb rubber (0.5-1 mm)

crumb rubber reaches 64 + (0.2 dB.

Filling the sample of experimental structures, 200
mm in thickness, with the finest crumb rubber (0.5-1
mm), we receive that this crumb rubber suppresses high-
frequency (over 800 Hz) sounds most efficiently, whereas
low-frequency (up to 300 Hz) sounds are suppressed
most poorly in this case (Fig 5).
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Fig 5. Noise level reduction in the sample of experimental structure 1

The density calculation results of scrap-tire crumb
rubber of different sizes (Table 1) show that the coarsest
crumb rubber (6 mm) has the highest density (463.44 +
0.02 kg/m®) and therefore best suppresses low-frequency
sounds (up to 300 Hz), and finest crumb rubber density is
by 16 % lower, therefore suppresses well high-frequency
sounds (over 800 Hz)

Table 1.Specifications of scrap-tire crumb rubber of different
sizes

Material Mesh size, Density, kg/m3
mm
Crumb rubber 0,5-1 387.44+0.03
Crumb rubber 4 442 .65+0.02
Crumb rubber 6 463.44+0.03

Experimental investigation results confirm the data
of other authors where it is stated that rubber sound
absorption efficiency depends on the size of rubber
particles and layer thickness (Pfretzschner 2002). It was
also determined that sound absorption of scrap-tire crumb
rubber of different sizes decreases, and most optimum
sound absorption is reached with crumb rubber ~1 mm in
size. Sound absorption efficiency at high frequencies
increases with the reduction of crumb rubber size
(Asdrubali et al. 2007; Asdrubali e al. 2008) uW/cm? at
7 measurements places. The average power density was
0.57 uW/cm?.

Sobral et al. carried out experiments in a Kundt’s
tube, and the following values of sound absorption
coefficient of crumb rubber (0.5-1.5 mm in size) were
received: at the low-frequency band (100 — 315 Hz), the
average sound absorption coefficient equals 0.2, whereas
according to our exploratory data, while filling structures
of different thickness with finest crumb rubber, the
average sound absorption coefficient values are by 15-35
% higher (0.23-0.27). For the medium-frequency band
(400-1 250 Hz) the average of sound absorption
coefficient values, received by the same authors, equaled

0.59, and according to our investigation data, when filling
structures of different thickness with finest crumb rubber,
the average sound absorption coefficient values are by
34-43 9% lower (0.34-0.39). At high frequencies (1 600-4
000 Hz), while filling samples of experimental structures,
150 mm and 200 mm in thickness, with finest crumb
rubber, the average sound absorption coefficient values
received were by 7-21 % higher, as compared to Sobral
et al. experimental data (the average value of sound
absorption coefficients is equal 0.53).

4. Conclusion

1. The results, obtained after performance of an
experiment in a noise-suppression chamber, show that
at high frequencies (over 800 Hz) scrap-tire crumb
rubber of all three sizes (0.5-1 mm, 4 mm and 6 mm)
are most effective in noise suppression when the
thickest sample of experimental structures is employed.

2. Low-frequency sounds (up to 300 Hz) are suppressed
most effectively by the coarsest crumb rubber (6 mm)
both sides with chipboard, when the samples of
experimental structures (50) are filled with it. Noise
level reduction changes in the range of 32-35 dB.

3. High-frequency sounds (over 800 Hz) are suppressed
most effectively by the finest crumb rubber (0.5-1 mm)
both sides with siding. When filling the samples of
experimental structures of different thickness, 50, with
this crumb rubber, noise level reduction changes from
53 dB to 64 dB. If thickness of finest crumb rubber
increases by 50 mm, noise level suppression efficiency
increases by 3-4 dB.

4. To suppress high—frequency (1 600—4 000 Hz) sound,
it is recommended to use noise-suppression structures,
manufactured from finest crumb rubber (0.5-1 mm),
which are 50 mm in thickness both sides with
chipboard. The sound absorption values of such
structures equal 0.57 and 0.64.level
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