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The currently applicable PN-EN 1793-1 standard concerning anti-noise devices on roads recommends for
acoustic barriers built along tra�c routes to have panels characterized by good sound-absorbing properties. The
sound-absorbing properties of these panels (wall elements) are to be speci�ed by giving the values of the single-
number sound absorption evaluation index DLα and the absorption property class determined in accordance with
the PN-EN 1793-3:2001 standard. Continuous regular acoustic studies of new materials heretofore not used in
anti-noise protections are conducted in the Department of Mechanics and Vibroacoustics at AGH. This paper
presents the �ndings of research that started with di�erent porous materials physical absorption coe�cient tests.
The purpose of these preliminary tests was to pick out materials with best sound-absorbing properties from the
group of acoustically tested materials. The chosen materials could be used as a sound-absorbing lining on panels
(wall elements) used in the design of acoustic barriers. On the basis of the obtained results, two materials with
values of the average physical sound absorption coe�cient higher than 0.5 (αfavg > 0.5) were picked out for further
acoustic tests. This paper presents results of studies that had the �nal e�ect consisting in determining the values
of the single-number sound absorption evaluation index DLα and the absorption property class for two prototype
panels of an acoustic barrier the sound-absorbing lining of which was made up of materials chosen after preliminary
acoustic studies. The determination of sound-absorbing property classes was carried out both theoretically and
experimentally. In order to be possible to reduce the costs of acoustic tests in the future, particularly of new
materials in regard to which there is a margin of uncertainty of whether their sound-absorbing properties meet
expectations, the authors determined sound-absorbing property classes of acoustic barriers theoretically and then
compared theoretical results with the results of experimental tests.
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1. Introduction

Over the last several years, many various types of
acoustic barriers have been designed and constructed.
The primary task of these barriers is to produce an acous-
tic shadow, that is, an area through which sound waves
fail to propagate directly from a sound source. Currently,
the most often constructed acoustic barriers have the pur-
pose of acoustic protection of the external environment
from one of the most onerous noise sources, i.e. traf-
�c routes. From the perspective of e�ective protection
against noise in urban housing estates, particularly those
with continuous two-sided development, the constructed
acoustic barriers should have good sound-absorbing prop-
erties. Such barriers, called the sound-absorbing barriers,
can absorb sound waves from one side (the noise source
side) or from two sides (both the noise source and the
protected buildings' side) and they are characterized by
a good sound absorption coe�cient. Such barriers reduce
the reverberation of the area around a roadway which in-
creases barrier e�ciency at the same time.

The currently applicable PN-EN 1793-1 standard [1]
recommends for acoustic barriers constructed along traf-
�c routes to have an implemented sound-absorbing ele-
ment for the purpose of reducing the burden resulting
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from the re�ection of sound from this barrier. With this
in mind, the standard recommends the determination of
the sound-absorbing property class of the applied acous-
tic barrier [2]. The acoustic property class depends on
the value of the single-number sound absorption evalua-
tion index DLα expressed in decibels. The value of this
index is calculated as follows:

DLα = −10 log10

∣∣∣∣∣1−
∑18
i=1 αsi10

0.1Li∑18
i=1 10

0.1Li

∣∣∣∣∣ ,
where αsi is the sound absorption coe�cient in the i-
th 1/3 octave frequency band and Li is the normalized
sound level A (in dB) of roadway noise in the i-th 1/3
octave frequency band de�ned according to the PN-EN
1793-3 standards [2].

Based on the values of theDLα index, sound-absorbing
devices are classi�ed in terms of their absorption proper-
ties in accordance with the PN-EN 1793-3 standard [2].
The classes and the index values corresponding to them
are presented in Table I.

TABLE IAbsorption property classes [2].

Class DLα, [dB]

A0 Not determined

A1 < 4

A2 4 to 7

A3 8 to 11

A4 > 11

(A-127)
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Determination of the absorption class is helpful when
choosing the type of an acoustic barrier according to its
speci�c location in the �eld.
The value of absorption coe�cient αsi present in the

above formula is the value of the coe�cient determined
using the reverberation method. In order to determine
the value of the reverberant sound absorption coe�cient
of a material, a sample of the material with surface area
from 10 to 12 m2 must be used. Acoustic tests of this
type are expensive, and in the case of new materials, the
obtained result may prove to be insu�cient. With this
fact in mind, the authors used the value of the phys-
ical absorption coe�cient of the studied materials (for
determination of which a material sample with a diame-
ter of 10 cm and 3 cm is su�cient), and based on these
results, the authors theoretically determined the absorp-
tion property classes of these materials [3, 4]. Using the
physical absorption coe�cient of the studied materials,
the value of the reverberant sound absorption coe�cient
was determined with the application of a chart according
to Morse' as shown in [5]. Next, using the reverberant
sound absorption coe�cient determined in this way, the
DLα index was calculated and the absorption property
class of the panel with the studied material used as the
sound-absorbing lining was determined. Because results
of these acoustic tests and calculations conformed to ex-
pectations as to the obtained absorption class, the results
were veri�ed through measurements. Samples with ap-
propriately large surfaces were made from the studied
materials, acoustic tests were performed on prototype
panels in a reverberation chamber, and the absorption
property classes for these panels were obtained experi-
mentally in accordance with the methodology provided
for this type of testing [1, 2, 6]. Results of acoustic tests
obtained in this manner have provided answers to two
questions: can the studied panels be applied in the de-
sign of acoustic barriers (do they meet requirements of
the standard) and can the absorption property class of
an acoustic barrier be determined using a partially theo-
retical approach.

2. The arrangement of experiments

Acoustic tests performed at the Department of Me-
chanics and Vibroacoustics at AGH pertained to many
prototype acoustic panels (wall elements). In many cases,
very good compliance of results was obtained, except for
slight di�erences in the value of DLα which had no in�u-
ence on the determined absorption class. In this paper,
the authors present indicative results for only two types
of acoustic panels: one made of expanded clay aggregate
and the other made of chip concrete. Results of tests car-
ried out for other materials will be published elsewhere.
The �rst of the tested acoustic barriers was made from

expanded clay aggregate (Fig. 1). Expanded clay aggre-
gate consists of light porous granules obtained through
�ring of swelling loams and clayey clays in rotary furnaces
at about 1200 ◦C, is extremely resistant to chemical and
atmospheric factors and fungi, non-�ammable and frost
resistant, shows low absorbability, and is classi�ed as one

of the most ecological materials (Fig. 1a). Earlier pre-
liminary acoustic tests of this expanded clay aggregate
proved that it can be classi�ed among the narrow-band
sound-absorbing materials [3]. It can be useful as an
additional sound-absorbing layer in barriers, e.g. in the
form of barrier wall elements.

Fig. 1. Expanded clay aggregate: (a) photograph of
expanded clay aggregate � grain fraction: 4�10 mm,
grain shape: irregular oval; (b) view of a barrier sample
with panels �lled with expanded clay aggregate � tests
in the reverberation chamber.

Fig. 2. Chip concrete: (a) photograph of a chip con-
crete sample tested in the Kundt tube; (b) view of a
barrier sample with chip concrete panels � tests in the
reverberation chamber.

The second tested panel was made from a material
called the chip concrete (Fig. 2). Samples of the material
that were used for acoustic tests were made of a type of
material called composite. The concept of a composite
material is used to describe a material that is made up of
at least two di�erent components combined at the macro-
scopic level. Most composite materials are made up of
two phases, of which a continuous phase called the ma-
trix surrounds the second phase, the so-called dispersed
phase. The resultant properties of a composite are depen-
dent on properties of the component phases, their frac-
tions in the total volume of the composite, the method of
distribution of the dispersed phase in the matrix, as well
as on the geometrical properties of the dispersed phase.
Acoustic tests of composite materials are conducted

throughout the world. For example, the absorption prop-
erties of samples made from jute �ber and of composites
made on the base of these �bers with latex of di�er-
ent volumetric masses and sample thicknesses have been
tested [7].
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Preliminary pilot acoustic tests of the composite ma-
terial called the chip concrete were also conducted at the
Department of Mechanics and Vibroacoustics at AGH.
Results of these tests show that this material possesses
sound-absorbing properties -the average value of the
physical sound absorption coe�cient αph,avg > 0.5.

3. Test results
Results of the conducted acoustic tests are presented

in chart and tabular form. Table II presents results for
expanded clay aggregate, and Table III presents results
for chip concrete. The results in the tables include: re-
sults from prior tests of the physical sound absorption
coe�cient, results of reverberant absorption coe�cient
values for the same materials obtained on the basis of
conversion of the physical absorption coe�cient in accor-
dance with the tabular chart found in [5], and results
of the reverberant sound coe�cient for barrier samples
made from these materials that were tested in the rever-
beration chamber. The last row of each table contains
DLα indices as well as the absorption property classes
for values of the reverberation coe�cient converted from
the physical coe�cient and obtained from tests in the
reverberation chamber.

TABLE II

Results of tests and calculations of sound
absorption coe�cients for expanded clay
aggregate.

Frequency, Sound absorption coe�cient

Hz of expanded clay aggregate

Physical Reverberant from

physical tests

100 0.05 0.20 0.32

125 0.08 0.20 0.27

160 0.06 0.20 0.30

200 0.06 0.20 0.26

250 0.04 0.20 0.24

315 0.10 0.20 0.23

400 0.13 0.35 0.29

500 0.19 0.85 0.40

630 0.31 1.00 0.49

800 0.54 0.93 0.63

1k 0.87 0.65 0.74

1.25k 0.83 0.35 0.77

1.6k 0.59 0.75 0.66

2k 0.40 0.35 0.54

2.5k 0.47 0.93 0.53

3.15k 0.67 0.75 0.50

4k 0.95 1.00 0.41

5k 0.56 0.89 0.34

αav 0.51 0.54 0.44

DLα, [dB] 4.34 = 4 3.53 = 4

Class A2 A2

The charts presented in Figs. 3 and 4 illustrate the
curves of the reverberant sound absorption coe�cient in
1/3-octave frequency bands for the tested expanded clay
aggregate and chip concrete, respectively.

TABLE III

Results of tests and calculations of sound ab-
sorption coe�cients for chip concrete.

Frequency, Sound absorption coe�cient

Hz of chip concrete

Physical Reverberant from

physical tests

100 0.23 0.42 0.17

125 0.22 0.41 0.29

160 0.23 0.43 0.48

200 0.28 0.48 0.59

250 0.32 0.55 0.62

315 0.45 0.70 0.63

400 0.64 0.87 0.73

500 0.89 1.00 0.85

630 0.97 1.00 0.99

800 0.87 1.00 1.00

1k 0.71 0.92 0.93

1.25k 0.51 0.75 0.88

1.6k 0.73 0.93 0.76

2k 0.74 0.94 0.77

2.5k 0.30 0.50 0.78

3.15k 0.64 0.86 0.82

4k 0.50 0.75 0.83

5k 0.46 0.71 0.80

αav 0.54 0.73 0.72

DLα, [dB] 8.27 = 8 7.72 = 8

Class A3 A3

Fig. 3. Sound absorption curve for expanded clay ag-
gregate granulate, obtained from results of physical and
reverberant sound coe�cient tests.

Slight di�erences in obtained DLα values can be ob-
served based on results of the conducted tests presented
in the tables. However, this does not have a signi�cant
in�uence on the determination of sound absorption prop-
erty classes because according to the guidelines of the
standard, after rounding, the results indicate the same
absorption property class in both cases.

4. Concluding remarks

The panels applied in acoustic barriers, which are most
often constructed along tra�c routes, must have a spe-
ci�c absorption property class in accordance with the ap-
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Fig. 4. Sound absorption curve for chip concrete, ob-
tained from results of physical and reverberant sound
coe�cient tests.

plicable PN-EN 1793-1 standard. The conducted acous-
tic tests results of which are presented by the authors in
this paper show that preliminary acoustic tests of ma-
terials that make it possible to determine the values of
their physical absorption coe�cient using the standing
wave method can be used to determine the single-number
sound absorption evaluation index DLα and the absorp-
tion property class. Experimental veri�cation of tests
conducted in the reverberation chamber con�rmed com-
pliance of results obtained with the use of both methods:
the speci�ed absorption property class of the studied ma-
terials, determined either on the basis of conversion of the
physical absorption coe�cient in 1/3-octave bands into
the reverberant coe�cient or on the basis of measure-
ment of the reverberant absorption coe�cient, proved to
be the same. It must only be clearly emphasized that it
is very important to make both types of material sam-
ples in order to obtain compliance of these results: disks
with diameter of 10 cm and 3 cm as well as samples with
surface area of 10 m2 and the same technical parame-
ters [10, 13]. A signi�cant factor is the method of �lling
the panels (expanded clay aggregate granulate) or, in the
case of bulk samples (chip concrete), the method of sur-
face formation of these panels. The proposed method of
determining the absorption classes will de�nitely reduce
the costs of designing acoustic barriers. This is very sig-
ni�cant, particularly in the case of application of new ma-
terials in an acoustic barrier, in regard to which there is a
margin of uncertainty of whether their sound-absorbing
properties will ful�ll the designer's expectations.
The authors of the present paper are not aware of any

scienti�c research work that would present a comparison
of the results of the reverberant absorption coe�cient
determined on the basis of the values of the physical ab-
sorption coe�cient with the results obtained from tests
in the reverberation chamber. The presented test re-
sults were inspired by demand reported by designers and
manufacturers of acoustic barriers who, in the current
economic situation, are searching for new and more ef-
fective methods of noise protection that could be used in
design work with new materials, not used earlier, acous-

tic properties of which are the same or better than those
of the currently used conventional sound-absorbing ma-
terials being cheaper at the same time. In order to meet
this challenge, designers and manufacturers are forced
to bear high costs related to acoustic tests conducted
in the reverberation chamber which is not always justi-
�ed by the obtained results. These costs are not related
to the tests themselves but above all, to fabrication of
su�ciently large prototype barrier samples. The results
of conducted experimental acoustic tests and conversion
presented in this paper show the possibility to reduce the
costs of acoustic barrier design.
During the conducted comparative acoustic tests re-

sults of which have been presented in this paper, the
authors analyzed factors that have an in�uence on the
compliance of obtained results. The analysis and con-
clusions on this subject will be presented in a separate
report.
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