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Abstract: The paper offers a new methodology for investigation of sound waves absorption by various materials.
Similarly there has been established the dependence of absorption coefficient on frequency. Experimental
results have been analyzed and the resonance peaks of absorption determined.
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I. Introduction

Sound absorption materials and structures are the basic means for regulation of acoustic medium. Part of the
energy of a falling sound wave is absorbed by their surface as the remainder part is reflected. Absorption
coefficient depends on a number of factors, the most important being the sound wave frequency [1]-[3]. This
necessitates to carry out experimental investigation for each particular material which aims at identifying their
spectrum absorption capacity.

Il. Presentation

The focus of this work is the investigation of the dependence of absorption factor on the sound wave
frequency which is applied in sound insulations of buildings, concert and theatre halls, convention centers, offices
and work premises.

Bouguer’s law is used to determine sound wave absorption

J=Je", )
where J, is the wave intensity on the surface of the absorbing material, J - is the wave intensity at a depth x

inside the material; « - is the absorption coefficient.
For experimental measurements the value of sound level L is used. Further the connections [4], [5]

L, =10lg (%) )

L=10 Ig(%), ®

are used where J' is the audibility thresholde ; Lo and L are the sound level at the surface and at depth x.
According to (1), (2) and (3) absorption coefficient is expressed by

L—L In10
10x

a =

(4)

I11. Experimental set up

In a anechoic chamber there have been installed a sound source, microphone and the investigated sound
absorbing material (Fig. 1). The amplitude and frequency of the generated sound signal is assigned by means of a
function generator. The sound wave is emitted from electro-dynamic loudspeaker (the sound source) which
afterwards is transformed into electric signal through capacitor microphone. To determine sound level in Db there
has to be used spectrum analyser.
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Figure 1 Block schematic of the experimental set up.
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IV. Research tasks:

1. Investigate the dependence of absorption factor on sound wave frequency

Absorption coefficient dependence on the sound wave frequency for Styrofoam , fibrous
laminate and geotextile is investigated and it is found that frequency is changed within the interval f
€ [0,1; 15,0] kHz by a step of:

0,1 kHz within the interval f € [0,1; 1,0] kHz;

0,2 kHz within the interval f € [1,0; 3,0] kHz;

0,5 kHz within the interval f € [3,0; 10,0] kHz;

1,0 kHz within the interval f € [10,0; 15,0] kHz.

Fig. 2, Fig. 3 and Fig. 4 show the graphs of the dependence a = af(f) for the three investigated
materials. On the ground of the analysis made there have been drawn the following conclusions:

*Concerning fibrous laminate and geotextile, the absorption coefficient for the entire
investigated frequency range changes over the interval a € [0,1; 4,1] cm™. Therefore it is evident
that sound wave absorption for these materials is low;

*Within the interval f € [0,1; 7,2] kHz the Styrofoam absorption factor is comparatively low - a

<40cm?;
For Styrofoam there are two marked resonance peaks of absorption:

-At frequency of f; = 9,0 kHz absorption coefficient is g = 10,8 cm;
-At frequency of f, = 11,9 kHz absorption coefficient is omae = 12,1 cm™;

«  Within the interval of f € [8,5; 15,0] kHz the absorption coefficient for Styrofoam is a = 4,5
cm'®. Therefore for high frequencies a corresponding high absorption of sound waves is observed.

Figure 2 Graphs of experimental dependence of absorption coefficient a on frequency f for fibrous

laminate
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Figure 3 Graphs of experimental dependence of absorption coefficient & on frequency f for geotextile
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Figure 4 Graphs of experimental dependence of absorption coefficient & on frequency f for styrofoam
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2. ldentification of absorption coefficient according to Gauss method

For more precise identification of absorption coefficient for particular frequency it is advisable to use Gauss
method [6]. A set of sheets is used of specific thickness made of one of the three investigated materials. It
changes within the interval x € [0,5; 4,0] cm by step of 0,25 cm. In Table 1 and Fig. 5 are given the obtained
experimental results for fibrous laminate. The sound wave frequency is f = 4 kHz and the sound level at the
surface of the absorbing material is L, = 73,1 dB.

Table |
X, cm 0,50 0,75 | 1,00 125 ] 150 | 1,75] 2,00 2,25
L, dB 67,8 652 | 624 507 | 571 | 545 | 518 49,2
o, o’ 2,44 244 | 2,46 246 | 246 | 245 | 245 2,45
X, cm 2,50 275 3,00 3,25 3,50 3,75 4,00
L,dB 46,5 44 41,3 38,4 36 33,2 30,4
T
o, cm 2,45 2,44 2,44 2,46 2,44 2,46 2,46
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Figure 5 Graphs of experimental dependence of the sound level L on depth x for fibrous laminate
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Mean value of absorption coefficient is determined by the formula

a= 1 Zn:ai (5)
MeannqLiJ:z;dratic error for absorption coefficient is expressed by

Zn: (Aa,)’
KT ©

where A, =, —a is absolute error of individual measurement.
Percentage error is

£, %="22.100% 0
a

The result is presented as

a=ato, (8)

a=ate,% 9)

Drawing upon the experimental results as presented in table 1, we get
a =(2,451+2,28.10%) cm™,
a =2,451cm™ +0,09%.

V. Conclusion

The developed method contributes to the formation of a research approach to solving practical problems. The
resulting relationships and regularities of studied sound absorbing materials are stage by the create a database. It
is open and can be supplemented with the results of other such materials, having applications in industry and
households.
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