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ABSTRAKT

Tato studie se zaméfuje na feSeni problému nedostatku vhod-
nych zkusebnich metod v oblasti vyvoje zvukopohltivych ma-
terialti. Bézné pouzivané metody pro méteni zvukové pohlti-
vosti materialti vyzaduji bud’to velmi rozmérné a materialové
nakladné vzorky, anebo naopak vzorky piili§ malé na to, aby
dostatecné popsaly vlastnosti méfenych materialti. Tyto me-
tody nejsou zcela vhodné pro pocatecni fazi materidlového vy-
voje. Z toho ditvodu se tato studie zamé&fuje na nalezeni alter-
nativni metody, kterou by ty stavajici bylo mozné nahradit.
Konkrétné se zabyva zejména dozvukovymi komorami ma-
Iych rozméra. Prakticka ¢ast studie sestava z provedeni modi-
fikované¢ho méteni v Alfa kabiné, primyslové vyuzivané malé
dozvukové komote. Toto méfeni je provedeno v modifikované
verzi vhodné pro betonové vzorky o netypickych rozmérech
400x400 mm. Vysledky jsou porovnany s vysledky z impe-
dan¢ni trubice; na zékladé porovnani je rozhodnuto o vhod-
nosti metody pro rozmérnéjsi vzorky.
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ABSTRACT

This study is focused on solving a problem with the lack of
measuring methods suitable for sound absorbing materials de-
velopment. The conventionally used sound absorption meas-
uring methods require either samples too large to be time-ef-
fective and economical in the early development stage, or too
small to describe the material acoustic behaviour in sufficient
detail. Thus, this study aims to find a suitable substitutional
method that could replace the usually used ones. It focuses
mainly on the topic of small-sized reverberation chambers.
The practical part focuses on measuring in the Alpha cabin, an
industrially used small-sized reverberation chamber. The
measurement is performed in a modified version suitable for
concrete samples with an unconventional size of 400x400 mm.
The results are compared with the ones measured by the im-
pedance tube method; based on the results, it is decided that
this method is suitable for larger samples.
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1. INTRODUCTION

Research into sound absorbing materials is currently a devel-
oping topic. In the case of materials for outdoor use, the main
reason to develop new effective materials is the increasing
noise pollution in cities, especially near frequented roads and
railways. Since noise is one of the most important environmen-
tal health risks, actions to protect human well-being must be
undertaken, and reasonable noise limits must be set and main-
tained, especially in residential areas (World Health Organiza-
tion, 2018). To minimize the noise level, sound absorbing ma-
terials can be applied in the form of pavement surfaces, build-
ing claddings, noise barriers, etc. However, the currently ap-
plied solutions are unable to sufficiently deal with the worsen-
ing noise situation. Thus, more effective sound absorbing ma-
terials, in more forms for various applications, and with better
overall performance, are needed (Vijay et al., 2014; Holmes,
N. et al., 2014; Patil, G. S., 2020).

Sound absorbing materials for indoor use are developed
to provide aesthetically pleasing and at the same time precise
acoustic solutions for indoor areas with high standards for
acoustical quality, such as concert halls, conference halls, the-
atres, recording studios etc., but also to provide sufficient
acoustic performance of crowded areas with unpleasant noise
levels, such as canteens, shopping malls, meeting rooms, etc.

The development of sound absorbing materials is depend-
ent on the possibility to measure their sound absorption coef-
ficient « (-). Currently, two methods are usually used: the im-
pedance tube method, and the reverberation room method.

The impedance tube method is described by the standards
1SO 10534-1 (ISO, 1996) and 1SO 10534-2 (1SO, 1998). By
this method, the sound absorption coefficient of cylinders with
an approximate diameter of 98 and 43 mm is measured. This
method provides the normal incidence absorption coefficient
(the angle of incidence is singular).

The reverberation room method is described by the stand-
ard EN ISO 354 (CEN, 2003). The necessary sample area for



measuring is between 10 and 12 m2. This method provides the
random incidence absorption coefficient, which is more rele-
vant for most uses.

There is a huge gap between the measurable sizes. For
strongly non-homogenous materials, measurements with sam-
ples of diameters 98 and 43 mm cannot thoroughly describe
the material’s sound absorption quality. Nevertheless, it is usu-
ally also not possible to manufacture 10 m? of newfound ma-
terial — for economical, ecological, and time reasons. A
method allowing the measuring of smaller samples is thus de-
sired; this need was already addressed by many researchers.

Some researchers suggested to substitute the measuring of
sound absorption coefficient by the estimation of sound ab-
sorption based on the material’s composition and its volumet-
ric characteristics (Losa, M. et al., 2012), or by measuring e.g.
material’s porosity, pore geometry, and pore size distribution,
air permeability etc. (Laukaitis, A. et al., 2006; Horoshenkov,
K. V. et al., 2001). Recently, a different approach was also
taken, in the form of constructing small-sized reverberation
chambers (see Figure 1), i.e. devices allowing measuring the
sound absorption of smaller samples. These chambers were
also developed to provide the laboratories the possibility to
measure absorption coefficients without having to use any ex-
ternal laboratories (Rasa, A., 2016).

As the target of this study was to find a direct method to
measure the sound absorption of small-sized samples (approx-
imately 40x40 cm in size), this topic was closely reviewed
with the intention of constructing such a chamber in our labor-
atory. Various chambers were found, ranging between 0.23 m?
(Miiller, M., 2016) and 48 m? (Rasa, A., 2016) in volume. The
largest one was constructed from a spare office, providing a
room for measuring samples with an area of 2.4 m?. Del Rey,
R., et al. (2017) described a chamber with a volume of 1.12
m3, suitable for the measuring of samples 0.3 m? in area, and
with the lowest measurable frequency equal to 485 Hz. The
chamber was manufactured from gypsum wallboard, sound in-
sulation, and alucobond composite. Healy, A. (2019) de-
scribed a chamber with a volume of 3.31 m?, suitable for meas-
uring samples with an approximate size of 0.36 m?, with the
measurable frequency range being 500—-5000 Hz. This cham-
ber was supposed to be light and cheap; thus, for the chamber’s
construction material, 18 mm thick MDF boards were used.
Vivolo, M. (2013) proposed the idea of a concrete chamber
with a volume of 0.83 m?, in which the sample of the area of
0.27-0.32 m? could be measured. The lowest measurable fre-
quency was set as 400 Hz.

(b)

Figure 1: Small-sized reverberation chambers: Del Rey, R.
(2017) (a), and Healy, A. (2019) (b).

Except for these experimental small-sized chambers, one
commercially used chamber was also found — Alpha cabin (Ri-
eter), the chamber with a volume of 6.5 m3, suitable for sam-
ples with an area between 1.0 and 1.2 m?, and with a measur-
able frequency range between 400 Hz and 10 kHz. It is a meas-
uring device usually used within the automotive industry.

The possibilities were discussed with the acoustics spe-
cialists. The idea to build a small chamber was consequently
rejected, as the manufacturing would be complicated, likely
inaccurate, and with unsure results. Moreover, such a chamber
would likely not allow measuring sound absorption on low fre-
quencies, which are the key frequencies for pervious and per-
forated concretes, the currently developed sound absorbing
materials and the main objects of interest of the author.

2. MEASURING IN ALPHA CHAMBER

After the idea to construct a small-sized reverberation chamber
was rejected, the possibility to conduct measurements in the
Alpha cabin at TU in Liberec (see Figure 2), likely the only
cabin of its kind in the Czech Republic, was arranged, mainly
to see whether a measurement in a small cabin can lead to re-
sults of some value for the sound absorbing concrete research.

(@) (b)
Figure 2: Alpha cabin at TUL (a), measuring setup (b).

2.1. Materials

The currently developed sound absorbing samples of size
400400 mm were measured. Specifically: M38_1, 2, and 3,
i.e. pervious concrete panels composed of aggregate of frac-
tion 4/8 mm combined with reinforcing nets made of carbon
or basalt fibres, and one of three types of sound absorbing layer
— soft acoustic mineral wool (M38_3), stiff acoustic mineral
wool (M38_2), and stered (recycled textile, M38_1). The front
side of the panels was made of 30 mm of pervious concrete;
the sound absorbing layer was placed behind it (see Figure 3a).
The complete thickness of each of those panels was 50 mm.

(b)

Figure 3: A pervious concrete panel M38_1 (a), and a per-
forated concrete panel BO6 from its reverse side (b).



Further, two perforated concrete panels were measured —
specifically the types B12 and B06 — panels 30 mm in thick-
ness, made of high-strength concrete containing basalt aggre-
gate of fraction 0/4 mm. These panels are perforated — B06
with regularly spaced single holes (see B06 in Figure 3b), and
B12 with regularly spaced groups of four holes. The last ex-
amined panel, M36+7, was a panel made of a 20 mm thick
layer of pervious concrete with aggregate of fraction 4/8 mm,
a reinforcing carbon net, and a 10 mm thick layer of pervious
concrete with the Liapor aggregate of fraction 1/4 mm.

2.2. Methods

The measuring in the Alpha cabin is based on the standard
EN ISO 354 — Acoustics — Measurement of sound absorption
in a reverberation room (CEN, 2003). In general, in the rever-
beration room method, the reverberation times of the empty
room and then of the room containing the test sample are meas-
ured. From the gained reverberation times, the equivalent
sound absorption area of the test specimen is calculated. Based
on that, the sound absorption coefficient of the measured sam-
ple is determined. In this experiment, these steps were per-
formed in accordance with the standard.

The setup for the method is, in the case of the Alpha cabin,
adjusted to the size of the cabin. The aforementioned standard
specifies the distance of the sample from the walls, the distance
between the positions of the sound source, the distance be-
tween the positions of the microphone etc.; those distances
were reduced based on the cabin size and setup.

Moreover, the measured frequencies are also adjusted ac-
cording to the size of the cabin. As a smaller volume makes it
impossible to accurately measure lower frequencies, the meas-
urable band moves, specifically from 100-5000 Hz (typical
for a regular reverberation room) to 400—10000 Hz.

In this case, the method setup had to be further changed.
As mentioned before, the Alpha cabin allows measuring sam-
ples 1.0-1.2 m? in size. However, the area of each of the pre-
pared samples was only 0.16 m2. Such a measurement usually
cannot be performed because of the required minimal area, and
it was never attempted before. However, a consultation with
the acoustic experts from TU in Liberec led to the decision that
the measuring method can be adjusted according to the sam-
ples. There was quite a strong possibility that the method will
not work; however, it was necessary to find out whether the
measuring of smaller samples can allow at least the compari-
son of the small samples with one another.

To satisfy the area requirement, it was decided that the
missing area will be replaced by a material with a known sound
absorption coefficient, with an approximate thickness of 5
mm. Its sound absorption coefficient was measured before-
hand for 1.2 m? of this material; the results are shown in Figure
4 below.

1,2
L —
LTI Tl
08
—"
| "~
06 /
3 /
J
04 e
—”
02 .-
0
o O O O O O O O O O O O o o o
o O M O O 1L O O O . O O O O O
< 0O © 0 O N © O 1 o O O M O O
T 4 4 N N M F 1N © 0 8
f (Hz)

Figure 4: Sound absorption coefficient of the background
material.

Afterwards, the concrete samples were measured. The back-
ground material was kept in place and concrete samples were
sequentially placed onto its centre, as shown in Figure 2b.
Thus, the concrete samples covered the area 400x400 mm, i.e.
13.3% of the background sample, and the total measured area
was the necessary 1.2 m2. The edges of the measured samples
were covered by reflective tape to prevent the sound absorp-
tion of the sides.

2.3. Results and Discussion

From measuring the combination of the background material
with high sound absorption and the samples, the following re-
sults were obtained:
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Figure 5: Sound absorption coefficient of concrete samples
0.4x0.4 m placed on the 1.0x7.2 m sound-absorptive
background; total area 1.2 m2,

As the samples covered only 13% of the background and
thus the measured area, they caused only a slight shift in the
sound absorption coefficient compared to the background-only
results. Based on the results, it can be claimed that the sound
absorption coefficient of concrete samples at low frequencies
is higher than that of the background; and, on the other hand,
the sound absorption of concrete at higher frequencies is
lower. As pervious and perforated concretes usually absorb
mostly lower frequencies, such results correspond with reality.



Based on the slight differences between the results of the
panels, the sound absorption ability of samples with an in-built
sound absorbing layer can be approximately evaluated — it can
be claimed that sample M38_1 with the in-built absorbing
stered layer is more promising in terms of sound absorption,
as its results exceed the results of samples M38_2 and M38_3
for nearly all measured frequencies.

Furthermore, the attempt to calculate the sound absorp-
tion coefficients of the samples without the impact of the back-
ground was undertaken. This calculation was based on the as-
sumption that the measured values (Figure 5) are the weighted
averages of sound absorption coefficients for the background
layer and concrete samples, where the weights are the areas of
the given materials —i.e., 86.7% for the background and 13.3%
for the samples. The following results for the panels were ob-
tained:
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Figure 6: Calculated sound absorption coefficients the of
concrete panels.

It is necessary to point out that these results are very inac-
curate, which is confirmed by the excessive values for the
sound absorption coefficients — its value should not exceed 1.
The used calculation procedure is inaccurate, as it does not
take into the account the different thicknesses of the materials,
the different behaviour of the materials on different frequen-
cies, and the background material actually being under con-
crete during the measuring and potentially acting as an addi-
tional sound absorbing layer behind a Helmholtz resonator.
Thus, the gained results should be used only to compare the
materials measured with this setup and by this method, as such
results will have a similar measurement error.

Overall, based on the obtained results, it can be claimed
that the pervious samples have a higher sound absorption co-
efficient, especially at higher frequencies, compared to the per-
forated concretes, and that the stered-containing sample should
be the most advantageous sample of all the examined ones.

These results can be compared with the sound absorption
coefficients measured by the impedance tube method for the
cylindrical samples (see Figure 7). By this method, only sam-
ples M38_1, 2, and 3 were measured. Samples B06 and B12
were not measured; however, another two perforated samples,
BO01 and B04 with the same shape of perforations but smaller
thickness, were measured. As the perforated samples absorb
sound in a similar way, the profiles of their sound absorption
coefficient curves should show a similar trend. Since samples

BO01 and B04 were thinner (20 mm only), their frequency max-
imums are likely different than the maximums of the panels;
however, the maximum of a perforated concrete sample usu-
ally lays below 400 Hz, and such frequencies cannot be meas-
ured by the Alpha chamber. The trend on the higher frequen-
cies should not be strongly affected by the thickness.
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Figure 7: Sound absorption coefficient measured by the
impedance tube method.

From the comparison between Figure 6 and Figure 7, it is
apparent that the results gained by the Alpha chamber are far
from the real sound absorption coefficients of the measured
concrete members. However, it is also apparent that Alpha
chamber can satisfactorily estimate the sound absorption trend
at higher frequencies. For sample M38_1, the correctly evalu-
ated trend was for the frequencies 1250—-4000 Hz, where the
placement of decreases and increases of sound absorption co-
efficient are similar for both measuring methods.

In the case of samples M38_2 and M38_3, the trend was
quite correctly evaluated only for the highest frequencies. Nev-
ertheless, the results of both methods show that when com-
pared to M38_1, these samples have worse sound absorption
at frequencies between 1250 Hz and 3150 Hz.

As for the perforated samples, a decreasing trend at higher
frequencies was shown by both methods, and in both methods,
the significant difference between perforated and pervious
samples at higher frequencies is shown.

Overall, these results are in agreement with the claim of
M. Vivolo (2013), according to whom the Alpha chamber
reached the sufficient diffusivity and thus accuracy only for
frequencies higher than 1246 Hz.

3. CONSLUSION

From the results, it is apparent that measuring small-sized
samples in the Alpha chamber can be used for an approximate
comparation of samples, but it does not provide the absolute
values of sound absorption coefficient. Moreover, this method
is more reliable at higher frequencies, starting at approxi-
mately 1250 Hz. Thus, this method is not ideal for the evalua-
tion of the samples with the sound absorption peaks at low fre-
quencies, and the search for a more suitable, accurate, and also
more economical method continues.

However, finding a possibility of measuring in the Alpha
chamber is still a valuable result, as it provides the opportunity



to measure samples smaller than 10 m?. It allows material re-
search to be more economical, as it is easier, faster, and
cheaper to manufacture 1 m? than 10 m? of any given material.
With the use of the Alpha chamber, there is a potential for
faster and more effective material research in the future.

The current target of the main research topic, the devel-
opment of sound absorption concrete, is to manufacture 1 m?
of some specific type of concrete and perform the proper meas-
urement in the Alpha chamber. Such a measurement will first
show the accuracy of the measurement performed in this study,
and second, it will allow the proper evaluation of the suitability
of the Alpha chamber method for the research that follows.
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