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Abstract: Aim of the study is to determine the capacity of sound insulation composite panels made from recyclable waste
from acrylonitrile butadiene styrene (ABS). Sound insulation index was calculated as the difference between the sound
pressure level measured at the source and the sound pressure level measured at the point of reception. Tests were conducted
in the open, with a fixed omnidirectional sound source, acoustic panels was found that the efficiency depends on a number of
geometrical and structural parameters such as: distance between source and noise barrier made of composite material based
on ABS (DS1 = 2 m, DS2 = 4 m), noise emitted by the source (LAeql = 100 dB (a), LAeq2 = 103 dB (a)) and the distance
between the barrier and the receivers are in a position collinear with the source (DRI = 2m = 4m DR2, DR3 = 6m). It was
found both materials of sound barriers and distance between source and receptors influence the efficiency of noise reduction.
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1. INTRODUCTION

In the current context of the excessive use of plastic materials and the metal - hard degradable, increasing levels
of environmental pollution and global warming problems caused by excessive industrialization, there is a
tendency to produce new materials, particularly composites with reduced environmental impact that use waste
from other manufacturing processes and the end of its life to be easily recyclable and biodegradable. Some
application of these materials can be sound absorption panels used both for traffic noise reduction and acoustic
insulation of buildings [1, 2]. Acoustic barriers acts as a noise filter media having different acoustic properties,
depending on the level of noise produced by sound source, materials of acoustic panels from barrier structure
and position of receptors reported of sound barriers. The acoustic barrier structure may contain porous medium
materials which absorb high and medium frequency or resonator materials, in which case absorption is
producing through a resonance mechanism, being selected only certain frequencies of the sound field. In this
paper we propose a new absorbing panels obtained by recycling acrylonitrile butadiene styrene (ABS) resulting
from machining edges of furniture [3, 4]. The chips of acrylonitrile butadiene styrene (ABS) were placed in a
rectangular mold and pressed at temperature of 100 - 110 ° C for 10 minutes to give plates with dimensions of
300x300xh mm (h = 20 .... 35 mm). The chips bonding were achieved by melting of ABS which creates a
physical adhesion between molecules when the melting point temperature was reached. The new material was
evaluated from acoustical properties point of view both in laboratory with impedance tube and in free field.

¢)
Figura 1: Technological steps of panels performed from acrylonitrile butadiene styrene (ABS) in laboratory
conditions: a) ABS edge milling; b) ABS chips — residues; c¢) pressing mat chips; d) getting panels
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2. DETERMINATION OF SOUND ABSORPTION COEFFICIENT
2.1. Method and materials

The impedance tube method or Kundt tube was used to determine the sound absorption coefficient, which test
procedure is described in EN ISO 10534-1:2005, [4, 6]. Theoretical principle of the method is based on
assessment of stationary plane wave field propagated in a tube. The sound waves decompose in incident and
reflected waves at the meeting of sample (Figure 2). Values of sound pressure levels of minimum and maximum
are measured for four tested samples. Before the measurement, the device was calibrated. Specimens obtained by
pressing ABS chips were cut circular with a diameter of 63.5 mm. Initial sound pressure is measured by the
microphone 1 and the reflected sound pressure by sample is measured with microphone 2. The signals are
processed with signal analyzer program performed in Pulse platform. The physical characteristics of tested
specimens are shown in Table 1..

Figure 2: Experimental set-up

Table 1: Table caption

Column 1 Thicknessh | Mass m Density p
[mm] [g] [g/em’]
Sample 1 14 13,11 0,296
Sample 2 15 14,31 0,301
Sample 3 13 15,92 0,387
Sample 4 14 14,24 0,321

2.2. Results and discussion

Sound absorption coefficient indicates the ability of the material to absorb sound waves with different
frequencies. The coefficient of absorption of a material varies depending on the frequency and angle from which
a sound or sound wave reaches the material. In Figure 3 it is noted the variation of sound absorption coefficient
for composite based on ABS waste. The values of absorption coefficient of these materials ranks among those
with good soundproofing properties (class B), making them comparable to other types of composites made from
industrial waste.
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Figure 4: The variation coefficient of absorption of the waste ABS composites
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3. PERFORMANCE ASSESSMENT OF NOISE REDUCTION BY COMPOSITE PANEL
MADE FROM ABS RESIDUES

3.1. Experimental set-up

In order to test the new composite structure was made the experimental stand consisting of a mobile metal frame

and with the option of turning the panel to the vertical plane in both directions, an OSB panel to a support plate
for absorbing panels, composite plates with absorption role [5]. Noise from sound level meter B&K 2260
Investigator is amplified by the power amplifier and transmitted by omnipower source. Source emits noise at a
predetermined noise level (N1 = 100 dB (A) and then N2 = 103 dB (A)). Between source and receiver
represented by the sound level meter B&K2250 Light acoustic barrier is located (Figure 5). Acquired data were
processed and visualized with the program B&K 7815 Noise Explorer. The experiment was performed in open
field, with a fixed source. Sound insulation index was calculated as the difference between the sound pressure
level measured at the source and the sound pressure level measured at the point of receivers, according to the
diagrams shown in the Figure 6.
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Figure 5: Experimental set-up of acoustic test in open field

Acoustic performance of tested panels was evidenced by identifying the influence of the distance between source
and noise barrier made of composite material based on ABS (DS1 = 2 m, DS2 = 4 m), the influence of noise
emitted by the source (LAeql = 100 dB (a) LAeq2 = 103 dB (a)) receptors, the influence of distance between the
barrier and receivers placed on different distance (2; 4; 6 m) (Figure 6).

Figure 6: Position of source and receiver to the sound barrier
3.2. Results and discussion

It was found that the sound pressure level in the three measuring points is about 20 ... 22 dB less than the amount
emitted by the source, then the panel sound absorption index falls in this range (Figure 7). Doubling the distance
between the source and the sound barrier, it was found that the largest difference (3.4 dB) of sound absorption
panel capacity are registered at the measuring point R1 located at 2 m (case 1) and 4 m (case 2) away from the
sound barrier, or 4 m (case 1) and 6m (case 2) to the source. Reduce noise in point R1 is explained by acoustic
shadow effect produced by it. The noise reduction depends on the length and height of the sound barrier.
Another case study was to analyze the index to reduce noise when increasing the noise source at 100 dB (A) to
103 dB (A), the distance between source and barrier (ds = 2 m) and receivers remains the same. It was found that
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shielding no lead to significant reduction of noise. It is noted that the greatest reduction is recorded in the
vicinity of the screen (at a distance of 2 m). At a distance of 4 m, the values are approximately identical to
increase the distance between source and receiver. At high levels of noise (eg 103 dB (A)), increasing the
distance between source and receptor does not contribute to noise reduction, the measuring point out the acoustic
shadow screen (Figure 8).
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Figure 7: Variation of sound pressure level according  Figure 8: Variation of noise level with increasing the
to the distance between source and noise barrier noise level emitted by source
3. CONCLUSION

Experiments showed that there are numerous factors that influence the performance of acoustic barriers to
reduce traffic noise: distance between source and receptor, receptor position to source/barrier, sound barrier
arrangement angle from the vertical, the environment measurements are made (open field / area construction,
enclosures, etc.), environmental factors such as air temperature, humidity, wind speed, etc. Thus the air
temperature should be between 0 - 40 °C, no precipitation, and wind speed does not exceed 5 m / s. Position of
source - receiver assembly has to be fixed and to follow the plane of rotation of the measurements, in order to
avoid parasitic reflections. The accuracy of noise map largely depends on the input data and therefore, as in the
case of the traffic volume, it means that in every city in the number of people and the budget to be deployed
monitoring stations noise.

ACKNOWLEDGEMENTS

This paper is supported by the Sectorial Operational Programme Human Resources Development (SOP
HRD), financed from the European Social Fund and by the Romanian Government under the contract number
POSDRU POSTDOC-DD, 1D59323- Transilvania University of Brasov, Romania. We are also grateful to
ICECON Romania, manager Prof. Polidor Bratu who facilitates the measurements.

REFERENCES

[1] Bratu M, Ropota I, Vasile O, Dumitrescu O, Muntean M., Research On The Absorbing Properties Of
Somenew Types Of Composite Materials, In Romanian Journal Of Materials, Vol. 41, Nr. 2, 2011, P. 147-154.
[2] Bratu P., Tracing Curves For The Sound Absorbing Characteristics In Case Of Composites Consisting Of
Textile Materials, In Romanian Journal Of Acoustics And Vibrations, Vol 4, Nr. 1, 2007, P. 23-26.

[3] Curtu L., Stanciu M. D., Cosereanu C., Vasile O., Assessment of acoustic properties of biodegradable
composite materials with textile inserts, in Rev. Materiale Plastice, Vol 49, nr. 1, lanuarie 2012, ISSN 0025-
5289, Bucuresti, Romania, pp. 68 — 72.

[4] Jung S.S., Kim Y.T, Lee Y. B, Measurement Of Sound Transmission Loss By Using Impedance Tubes, In
Journal Of The Korean Physical Society, Vol. 53, Nr. 2, 2008, P. 596-600.

[5] Maekawa Z., Noise reduction by screens, Applied Acoustics Vol.1, 1968.

[6] Stanciu M.D., I. Curtu, O.M. Terciu, C. Cerbu, S. Nastac, Nondestructive testing to determine acoustic
properties of lignocelluloses composites reinforced with weave fabrics of flax fibers, in Proceedings of the 4th
International Conference Advanced Composite Materials Engineering COMAT 2012, ISBN 978-973-131-162-3,
18-20 october 2012, Lux Libris Publishing House — acreditata CNCSIS cod 201, p. 113 - 116, Vol L.

[7] ***SR EN ISO 10534-1 Determination Of Sound Absorption Coefficient And Acoustic Impedance With
The Interferometer, Part 1: Stationary Wave Ratio Method, 2002

492



