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ABSTRACT

It is an important to clarify standard uncertainity of material size (area of sample) effect on its sound
absorption coefficient in reverberatin room. Measurements were carried out for foam, sponge, rubber and carpet
materials, to determine the effect of area on sound absorption coefficient. The tested surface areas ranged from
4m2 to 14m2, the absorption coefficient was determined in a diffuse field (reverberation room of NIS).
Numerous measurements of the reverberation time in reverberant room were carried out for several samples
of different materials. The measurements showed that the change in sound absorption coefficient and noise
reduction coefficient depends on the sample size (area of sample).  The equivalent sound absorption, based
on Sabine’s formula, was used to calculate the reverberation time of several samples. 
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Introduction

It is known that, the random incidence sound absorption coefficient increases when the dimension of an
absorbent surface become as small as the dimension of wavelength. This phenomenon is usually referred to
as area effect, and it becomes evident when the absorption coefficient is large. Some researchers explain that
the reason why this phenomenon occurs is due to edge effect, which includes diffraction or scattering at the
edge of the absorbent surface (Kosten, 1960; Daniel, 1963). It seems to be difficult, however, to say that this
phenomenon is explainable by using edge length of the absorber. Though there exist theoretical analyses for
an infinitely long strip of absorbent surface (Northwood, 1959; De Bruijn, 1973), they have a restricted
application in practice. Yasuhito Kawai (2004), proposed a method of estimating the area effect by using a
boundary integral equation. The area effect of a sound absorbent surface with finite dimensions was analyzed
by using a boundary integral equation, and the validity of the method was examined through experiments.
These numerical results seem to show that the method is appropriate for effective estimation of the area effect.
Through the numerical calculations, it is shown that the area effect of rectangular absorbent patches collocated
checkered pattern can be approximately estimated by a simple absorbent patch. Kazunori (2002), examined a
minimum required size of specimen experimentally for the accurate measurement of oblique incidence
absorption coefficient. The size of specimen varied from a minimum (one small piece of a material) to the
maximum of the full size of the measuring room floor in the laboratory. The measurements have been made
on three types of materials, i.e. glass fiber sheet 50 and 100 mm thick and ceramic 52 mm thick. NBS
reverberation chamber to deteremine the apparent random incidence sound absorption coefficient as a function
of area, perimeter, and shape of the test specimens for three different materials arrayed as combination of
rectangular pieces.

2- Materials Specification and Configuration
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In this research, different materials were used, foam, sponge, rubber and carpet to determine the effect of
area of acoustical materials and determine the sound absorption coefficient. These materials have an areas 4,
6, 8, 10, 12 and14m2 with constant ratio (0.87) between width to length. The four tested materials used in the
measurements are identified in table 1. Each of these materials was in the form of rectangular panels with
different in its dimensions, as tabulated in table 2. A representative scanning electron micrographs for cells
of materils appeared in figure1.

Table 1: Characteristics of materials under test
Materials name Density (kg/m3) Thickness (m)
Sponge 14 0.011
Foam 16 0.050
Carpet 145 0.004
rubber 100 0.005

Fig. 1: Photographs of the micrographic surface construction of: 
(a) foam of 0.05m thickness   (b) carpet of 0.005m thickness (c) sponge of 0.01cm thickness (d) rubber of
0.005m thickness

3- Experimental Method:
Measurements of reverberation time were recorded and calculations of absorption coefficient were obtained

using Sabine formula, calculations were done based on reverberation time measurements. Measurements were
carried out using  reverberation room of NIS, sound level meter type 2260 B&K with 1/2" microphone type
4189B&K and omni directional sound source type 4296 B&K. Spatial averaging was accomplished with array
of nine microphone positions. The microphone positions were placed at least 1.6m away from each other. The
measurements were performed following ISO 354 (2003). Reverberation time measurements have been done
in frequency range from 125 to 5000Hz for all tested materials (e.g. sponge material, see figure 2). The sound
absorption coefficient as a function of one-third octave band frequencies are graphically represented in Figs
3, 4, 5 and 6. Measurements were performed firstly for reverberation time in empty reverberation room, then
materials were introduced in the reverberation room and measurements were repeated for reverberation time
and recorded for different materials with different areas (14, 12, 10, 8, 6 and 4m2). The reverberation time (RT)
for different areas of sponge material (as an example), are drawn in figure 2. The sound field in the
reverberation room is strongly dependent on the measured material. We followed the ISO 354 procedure in
measurements, using a one-area material fixed on the floor. Measurements were done for each material with
different area according to table 2. The loudspeaker positions may influence in the reverberation time
measurements and hence the evaluation of the absorption coefficient, so that measurements were performed
with three different loudspeaker positions. The loudspeaker was positioned at 1.5 m above the floor and about
1.5 m from corners of the room. The ambient temperature within the reverberation room was maintained at
22.50C  ±10C, during the measurement period. The relative humidity was maintained at 50% ±1%. 



168J. Appl. Sci. Res., 7(2): 166-173, 2011

Table 2: Dimensions of materials under test
Sample area,m2 Width m Length m Width/Length
2 1.32 1.52 0.87
4 1.87 2.14 0.87
6 2.28 2.63 0.87
8 2.64 3.03 0.87
10 2.95 3.39 0.87
12 3.23 3.71 0.87
14 3.49 4.01 0.87

4- Sound Absorption Measurements and Accompanied Standard Uncertainty:

In order to determine what effect variations in the specimen area on the measured absorption coefficients,
measurements were made in which the area was changed gradually according to table 1. The sound absorption
coefficients were measured for 6 different areas of the sample. Sound absorption of Carpet, rubber, foam and
sponge specimens were calculated using reverberation time measurements for previous materials. Sound
absorption of these specimens were detemined by the reverberation  room method at 1/3 octave intervals in
the frequency range 125Hz – 5000 Hz, and it is usually characterized by sound absorption coefficient (α). The
sound absorption coefficient α of a plan absorber or a specified array of test objects is calculated using the
sabine formula,

   (1)TA

S
 

Where;
 At - the equivalent sound absorption area of the test specimen,m2

 S   - the area covered by the test specimen, m2

The equivalent sound absorption area of the test specimen, AT, according to ISO 354 (2003) is given as
follows
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Where;
V: the volume of the empty reverberation room, m3

T1: the reverberation time of the empty reverberation room, in second
T2: the reverberation time of the reverberation room with the test specimen, in second
c1, c2 - the propagation speed of sound in air at the temperature t1 and t2 respectively, m/s
m1, m2 – the power attenuation coefficients, calculated according to ISO 9613-1 (1993), using the climatic
conditions that have been present in the empty reverberation room and after the test specimen has been
introduced, m-1

The value of m is calculated from the attenuation coefficient αc dependent on temperature t, atmospheric
pressure pa, and relative humidity hr, according to the formula
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The standard uncertainty of dispersion u(δe1) is calculated on the basis of the estimated standard deviation
Si(e1) of m series of n measurements (Izewska, 2008), 
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Where Si(e1): the experimental standard deviation of ith series equal to
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Results and Discussion

The reverberation time for each area of the sample, was computed from 108 decay rates, that from
measuring 12 decay rates at each of the 9 microphone positions. A clear difference appears between the
reverberation time (RT) of the empty room, and the reverberation time (RT) of the room with the absorptive
material sample, as seen in figure 2 (e.g. sponge material). Figure 2, illustrate the effect of area on the RT
value, the RT decreases as the area of absorptive material increases (4, 6, 8, 10, 12, and 14m2). 

The sound absorption coefficient of areas 14,12,10,8,6 and 4m2 of foam verses   frequency appears in
figure 3.  Sound absorption coefficient (α) of foam increasing by a remarkable change, especially for areas 4
and 6m2, which indicate that a small area of foam (i.e. less than 8m2) appears a higher sound absorption, and
for a larger areas 14, 12, 10 and 8 m2, the sound absorption coefficient (α) nearly comparable with each other
(i.e., α differs for any two successive areas by 0.03). At 1600Hz the sound absorption coefficient (α) changed
from 0.6 for 14m2 area to 0.76 for 8m2 area and from 0.99 for 6m2 area to 1.14 for 4m2 areas. As a result
from figure 3, the preferred area for sound absorption measurements of foam ranged between 8 to 14m2. The
sound absorption coefficient (α) of foam increasing by a remarkable change with a change in area, and also
the 4 and 6m2 areas has a higher (α). In frequency range from 800 to 5000Hz the sound absorption coefficient
of foam increasing gradually as area increases. The sound absorption coefficient of sponge verses frequency
appears in figure 4. The sound absorption coefficient (α) of sponge increasing with frequency especially for
4 and 6m2, which indicate that a small area of sponge (i.e. less than 8m2) appears a higher sound absorption,
and for a larger areas 14,12,10 and 8 m2, the sound absorption coefficient (α) nearly comparable with each
other (i.e., α differs for any two successive areas by 0.02). At 1600Hz the sound absorption coefficient (α)
value changed from 0.42 for 14m2 area to 0.58 for 8m2 area and from 0.66 for 6m2 area to 0.83 for 4m2 areas.
The sound absorption coefficient (α) of sponge material increases by a remarkable change with a change in
area. Areas of 4 and 6m2 have a more effect on (α), by appearing a deformation of peaks and deeps on the
(α) curve, at frequencies 2000, 2500, 3150, 4000 and 5000Hz.

The sound absorption coefficient of small areas especially 4 and 6m2 of rubber appears a higher sound
absorption coefficient than other areas with a change in frequency as appears in figure 5. And for larger areas
14, 12, 10 and 8m2, the sound absorption coefficient (α) nearly comparable with each other (i.e., α differs for
any two successive areas by 0.01). At 1600Hz the sound absorption coefficient (α) changed from 0.42 for 14m2

area to 0.54 for 8m2 area and from 0.65 for 6m2 area to 0.78 for 4m2 area. The sound absorption coefficient
(α) of rubber increases by a remarkable change with a change in area. Areas of 4 and 6m2 has a more effect
on (α), by appearing a deformation of peaks and deeps on (α) curve at frequencies 2000, 2500,
2000,2500,3150, 4000 and 5000Hz.

The sound absorption coefficient of 14,12,10,8,6 and 4m2 of carpet with frequency appears in figure 6.
Areas of 4 and 6m2 of carpet have a more effect on (α). The sound absorption coefficient (α) of carpet
increasing by a remarkable change with frequency especially for 4 and 6m2, which indicate that a small area
of carpet (i.e. less than 8m2) appears a higher sound absorption in frequency range from 500 to 2000Hz, and
for a larger areas 14,12,10 and 8 m2 the sound absorption coefficient (α) nearly comparable with each other
(i.e., α differs for any two successive areas by 0.01). At 1600Hz the sound absorption coefficient (α) value
changed from 0.32 for 14m2 to 0.39 for 8m2, and from 0.46 for 6m2 to 0.59 for 4m2. As a result from figure
6, the preferred area for sound absorption measurements of foam ranged between 8 to 14m2. The sound
absorption coefficient (α) of carpet increasing by a remarkable change in frequency range from 500 to 2000Hz.
Areas of 4 and 6m2 has a more effect on  (α) by appearing  a deformation of peaks and deeps on (α) curve
at frequencies 2000,2500,3150, 4000 and 5000Hz. 

Noise reduction coefficient (NRC) represents a single number, which is the average value of the absorption
coefficient of a material at frequencies 250, 500,1000, and 2000 Hz. Noise reduction coefficients as a function
of material for different areas is shown in figure 7. It can be observed from this figure that, a remarkable
change in NRC observed for areas of 6, 4m2 for all materials, a higher sound absorption is achieved at small
areas.

Measurements of standard uncertainty of sound absorption coefficient, in a reverberation room are
analyzed. The reverberation time for each area of sample material was computed from 108 decay rates, that
from measuring 12 decay rates at each of the 9 microphone positions.
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Fig. 2: Effect of absorbing material area on the RT (e.g. sponge material).

Fig. 3: Sound absorption coefficient of foam verses frequency.

Fig. 4: Sound absorption coefficient of sponge verses frequency. 

The standard uncertainty of dispersion of sound absorption coefficients versus frequency were illustrated
in figures 8(a, b, c and d), also this figures, appears the standard uncertainty of dispersion of sound absorption
coefficient for each material (14, 12, 10, 8, 6 and 4m2). The 4m2 represents a higher uncertainty curve
accompanied with its sound absorption coefficient for all materials. The standard uncertainty of dispersion of
each material ranged from 0.003 to 0.017 in frequency range from 125 to 500Hz with a maximum peak at
160Hz. In frequency range upper than 500Hz the standard uncertainty of dispersion curve nearly flat up to
5000Hz. The standard uncertainty of dispersion of each material of areas 14, 12, 10 and 8m2, and upper than
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Fig. 5: Sound absorption coefficient of rubber verses frequency. 

Fig. 6: Sound absorption coefficient of carpet verses frequency.

Fig. 7: Comparison of noise reduction coefficient of various materials.

500Hz ranged from 0.003 (area 14m2)  to 0.008 (area 8m2), and 0.009 (area 6m2) to 0.016 (area 4m2). From
figure 8, we concluded that, the standard uncertainty of dispersion of sound absorption coefficient of a material
(0.00X) was very small for areas ranged from 8 to 14m2, and (0.0X) for a small areas ranged from 4 to 6m2.
Note that the Standard uncertainty of dispersion of each material for areas (14, 12, 10, 8, 6 and 4m2), increases
in the same fashion of absorption coefficient.
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Fig. 8-a: Standard uncertainty accompanied with sound absorption coefficient measurements for rubber.

Fig. 8-b: Standard uncertainty accompanied with sound absorption coefficient measurements for foam.

Fig. 8-c: Standard uncertainty accompanied with sound absorption coefficient measurements for sponge.

Fig. 8-d: Standard uncertainty accompanied with sound absorption coefficient measurements for carpet.
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Conclusion:

Different in material and size (area of material) of specimen has been experimentally examined for the
accurate measurements of sound absorption coefficient. The size (area of sample) of specimen has been varied
from a 4m2 (one small piece of a material) to 14m2 areas, on the floor of the measuring reverberation room
in the laboratory. The measurements have been made on four types of materials, i.e. rubber, foam, carpet and
sponge sheets. The results of measurements have shown that, the sound absorption coefficient increases as the
area of the specimen decreases, and the preferred area not less than 8m2

. The sound absorption coefficients of
1/3 octave band have scatter with peaks and dips when the sample has a small area. The Standard uncertainty
of dispersion of sound absorption coefficient for each material did not vary significantly with changes in
materials. The influence of specimen size, number of source positions, and microphone positions have included
in calculations of standard uncertainty of sound absorption coefficient in reverberation room.    
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