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The paper presents the new solution to a road acoustic screen consisting of elements which are highly
di�using and simultaneously resistant to weathering, but also characterised by a sound absorption. There
is described the comprehensive research of such the road acoustic screen with absorbing and di�using
surface. The study includes screen’s resistance to wind load and snow removal, impact tests and mea-
surements of some acoustic parameters.
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1. Introduction

The development of the automotive industry, road
construction and environmental protection against
noise caused that the thoroughfares require the equip-
ment in acoustic screens. The method of construction
of these devices depends mainly on their functions,
but their implementation is also connected with the
aesthetics, costs, durability and the possibility of recy-
cling. The required acoustic characteristics represented
by the insulation and sound absorption shall be de-
termined on the basis of laboratory measurements of
screens’ elements (EN 1793-1:1997, EN 1793-2:1997).
However, it is not considered the sound di�usion coef-
�cient which has a signi�cant impact on the acoustic
screen’s e�ectiveness.

The road acoustic screen with a 
at re
ective sur-
face may direct a large amount of energy towards the
protected objects, thereby reducing its e�ectiveness.
Whereas, the screen with the sound di�usion surface
reduces the amount of acoustic energy propagating in
the direction of re
ection so its e�ectiveness is higher

(Fig. 1). The reduction of the re
ected sound level can
also be obtained by using elements characterized by
high sound absorption, but these elements are usu-
ally expensive and undurable. Therefore, it is justi�ed
to construct the road acoustic screens using elements
which are highly di�using, but also having a sound ab-
sorption.

Fig. 1. Operation of an ordinary acoustic screen and
a screen with di�using surface (Kamisinski et al., 2010).

2. New solution to road acoustic screens

Owing to the participation in a grant: \The mea-
surement setup and procedures used during the re-
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search of sound di�using structures" (No N R03-0036-
06/2009), the scientists and employees from: Moller-
Polska Sp. z o.o. company, AGH University of Science
and Technology, University of Technology and Life Sci-
ences in Bydgoszcz proposed the new solution to a road
acoustic screen working on the basis of sound scat-
tering and absorbing (Okrƒglicki et al., 2008). The
prototype of the designed acoustic screen is shown in
Fig. 2.

Fig. 2. The prototype of the designed acoustic screen.

Fig. 3. The construction of Schroeder di�user.

Fig. 4. The cylindrical di�user { perforated and �lled with an absorbing material.

The panel was made in PVC extrusion technology
with the addition of wood dust. It has two surfaces
di�erent in terms of some acoustic parameters, which
allows to adapt the designed acoustic screen to the spe-
ci�c needs. On one side there is a Schroeder di�user.
A typical Schroeder di�user (Fig. 3) consists of the
wells with a given width (2h) and depth (lk) due to
the pseudorandom sequence. The wells are separated
by vertical dividers with a width of w. The basis of its
operation is to change the phase of the re
ected sound
thereby causing sound di�using (Cox, D’Antonio,
2009). On the other side of the panel, there is a cylin-
drical di�user. It could be perforated to increase sound
absorption (Fig. 4).

The designed structure is double-sided and may be
arranged alternately to allow di�erent con�gurations of
the road acoustic screen. Moreover, the panels might
be mounted at the screens as a �nial (Fig. 5). Finals
made from a di�usion element increase the screen’s ef-
�ciency allowing to reduce its height. Such panels with
Schroeder di�user sometimes are also used in some in-
teriors, as they a�ect the room acoustic parameters
(Kamisi«ski et al., 2010).
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Fig. 5. The designed panels mounted at the screens
as a �nial.

The designers claim that such a road screen has dis-
tinguished acoustic parameters, which can be properly
shaped depending on the screen’s function. Moreover,
it is easy to mount, durable and recyclable. To prove
this statement there were carried out the comprehen-
sive research of the designed screen.

3. The experimental studies of the designed
road acoustic screen

3.1. The research program

The study of road acoustic screens aims at the veri-
�cation not only of acoustic parameters but also the re-
sistance to wind load, snow removal or stroke of stones
thrown from the roadway. Thus, the acoustic screens

Fig. 6. Three di�erent samples to study the panels’ resistance to wind load and snow removal.

should be highly resistant to such impacts and only
their super�cial damages are permit. Therefore, the
research program include:
� Study of the resistance to wind load and snow re-

moval according to standards: EN 1991-1-4:2005
and EN 1794-1:2011 (Germaniuk et al., 2013);

� Study of some screen’s mechanical properties in-
cluding impact or hardness tests (ISO 179-2:1997
and EN 1794-1:2011) (�liwa, Zimniak, 2010);

� Laboratory measurements of acoustic parameters:
sound scattering and di�usion (ISO 17497-1:2004,
ISO 17497-2:2012), sound absorption (EN 1793-
1:1997), sound insulation (EN 1793-2:1997);

� \In situ" measurement of the external acoustic
screens’ e�ectiveness (ISO 10847:1997).

3.2. Study of screen’s mechanical properties

3.2.1. Screen’s resistance to wind load
and snow removal

To study the panels’ resistance to wind load and
snow removal, there were carried out measurements us-
ing three di�erent samples (Fig. 6). The �rst one con-
sists of two panels arranged in alternating order and
feathered. The sample width was about 6 m (It is the
longest dimension as the screen panels are arranged
horizontally). The second sample was additionally
strengthened by pipe with dimensions: 60�60�3 mm
and two C-sections with dimensions: 60�30�3 mm.
The third sample was similar to the second one but
it was about 1 m narrower.
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Table 1. The permitted and measured values of de
ections for tested samples.

Reversible de
ection Permanent de
ection
Permitted values

[mm]
Measured values

[mm]
Permitted values

[mm]
Measured values

[mm]
Resistance to wind load

Sample no 1 39.7 53.7 11.9 5.1
Sample no 2 39.7 24.3 11.9 0.3

Resistance to snow removal
Sample no 3 33.1 27.9 9.9 1.4

The research was carried out in accordance with
the standards EN 1794-1:2011 and EN 1991-1-4:2005.
The permitted and measured values of de
ections for
tested samples are shown in Table 1. Based on the per-
formed studies it was found that the �rst sample did
not meet the requirements for the resistance to wind
load and snow removal. Therefore, it was necessary to
examine the second sample which proved to be resis-
tant to wind load but not to snow removal. The third
sample, narrower than the other, met all the require-
ments. Finally, it was assumed that the design panel
should have a width up to 5 m and it must be strength-
ened.

3.2.2. Impact and hardness tests

The road acoustic screens must be largely resistant
to impact. Their super�cial damage is only allowed.
Therefore, it was essential to carry out the research of
screen’s mechanical properties including:

� an impact test { using Charpy’s hammer (ISO 179-
2:1997);

� an impact test { simulating the impact of stone (PN-
EN 1794-1:2011);

� a hardness test { basing on Brinell’s method.

Fig. 7. Tested samples on the measurement setups: the sample used to study sound scattering coe�cient (on the left)
and the sample used to study sound di�usion coe�cient (on the right).

Based on the research the following conclusions can
be drawn. Firstly, determination of impact resistance
using Charpy’s hammer is not possible because sam-
ples were destroyed. On the other hand, the impact
resistance while simulating the impact of stone meets
requirements. Moreover, the panel’s hardness strongly
depends on the sampling site.

3.3. The research of some acoustic parameters

3.3.1. Sound scattering and di�usion coe�cients

The measurements of sound scattering and di�u-
sion coe�cients were made according to the standards:
ISO 17497-1:2004 and ISO 17497-2:2012, respectively.
The sample used to study sound scattering coe�cient
was circular with a diameter of 2.7 m (Kamisi«ski
et al., 2012). On the other hand, the sample for re-
search of sound di�usion coe�cient had a rectangu-
lar shape and dimensions of 1000�800�120 mm. The
measurement of sound scattering coe�cient was car-
ried out in a reverberation chamber, whilst the mea-
surement of sound di�usion coe�cient took place in
an anechoic chamber (Fig. 7) (Felis et al., 2012). The
research results are shown in Fig. 8.

The research has shown that the scattering and
di�usion coe�cients of the tested samples are very high



T. Kamisi«ski et al. { The Comprehensive Research of the Road Acoustic Screen. . . 141

Fig. 8. Sound scattering (top) and di�usion (bottom) coef-
�cients as a function of the sound frequency.

for the frequency range above 1600 Hz, which con-
�rms the usefulness of this type of structure to build
road acoustic screens. Nevertheless, due to the possibil-
ity of adverse interference of re
ected waves occurring
around this type of repetitive structures, it is preferred
to disturb such a sequence by another sound absorbing
and di�using structure.

3.3.2. Sound absorption coe�cient

The measurement of sound absorption coe�cient
was performed according to standard ISO 354:2003.
The study for �fteen di�erent samples was conducted
in a reverberation chamber. The samples di�ered in re-
spect to the arrangement of tested pro�les (Schroeder
di�user, cylindrical pro�le), the type of perforation and

the �lling (mineral wool, granulate of polyurethane
foam). The exemplary sample on the measurement
setup is shown in Fig. 9.

Fig. 9. A sample consisting of alternate panels: a perforated
Schroeder di�user and a perforated cylindrical pro�le.

Based on the performed studies of sound absorption
coe�cient for �fteen measurement samples, it can be
concluded that the proposed panels can provide one-
numerical absorption index DL� even equal to 7 dB.
Asigni�cant impact on the panels’ absorption have
a surface perforation and the �lling. Among the all
tested samples, the best result was achieved for a per-
forated panel (cylindrical) �lled with mineral wool hav-
ing a density of 50 kg/m3 and 30 mm thick.

3.3.3. Sound insulation

Nowadays the European standards allow to con-
duct the measurements of airborne sound insulation of
acoustic screens both by \in situ" and laboratory tests.
According to the articles by Watts, Morgan (2006)
and Garai, Guidorzi (2000) these two methods show
a high degree of correlation for timber, metal and con-
crete noise barriers. Thus, the authors decided to carry
out only the laboratory measurements of sound insu-
lation of proposed road acoustic screens in accordance
with standards: ISO 10140-2:2010 and EN 1793-2:1997.
The sample on the measurement setup is shown in
Fig. 10, whilst Fig. 11 illustrates the airborne sound
insulation of tested sample as a function of the sound
frequency.

The conducted measurements of screen’s airborne
sound insulation showed that the designed screen’s
onenumerical index DLR is equal to 33 dB. This value
provides the proper operation of such an acoustic
screen for all typical acoustic situations. The increas-
ing of panel’s sound insulation for such applications
has no economical justi�cation. Moreover, it is worth
adding that after applying the surface perforations to
increase panel’s sound absorption, the index DLR does
not decrease below 24 dB.
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Fig. 10. The sample on the measure-
ment setup intended for determination

of elements’ sound insulation.

Fig. 11. Airborne sound insulation of tested sample as
a function of the sound frequency.

3.3.4. \In situ" measurement of the external acoustic
screens’ e�ectiveness (insertion loss)

The major parameters with respect to acoustic
properties that characterised noise barriers in \in situ"
tests are insertion loss as screens’ e�ectiveness, insula-
tion index for airborne sound insulation and re
ection
index for sound re
ection. The last two indices can be
measured following the method described in CEN/TS
1793-5 standard. Nevertheless, as was mentioned in
Subsubsec. 3.3.3, the screen’s airborne sound insula-
tion was determined only in laboratory studies. More-
over, the re
ection index also was not measured as the
scattering surface of the acoustic screen could falsify
obtained results (Tronchin, 2013a; 2013b). As a con-
sequence, the only determined in in-situ measurement
parameter was the screen’s acoustic e�ectiveness.

The produced panels were used to build experimen-
tal acoustic screen with a length of 10 m and a total
height of 4.50 m, in the version with alternating panels
of sound di�using and absorbing surface. The insertion
loss was measured for two variants of slanted �nal. Fig-
ure 12 illustrates screens with the di�using (top) and
re
ecting (bottom) �nal.

Fig. 12. The studied acoustic screen composed of
alternating di�using and absorbing panels, with
the di�using (top) and re
ecting (bottom) �nal in-

clined in the direction of the sound source.
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The study was carried out according to standard
ISO 10847:1997 Acoustics { In-situ determination of
insertion loss of outdoor noise barriers of all types. An
equivalent of the sound source was a cubic omnidirec-
tional speaker and the measurement signal was white
noise. Signals’ analysis was carried out in 1/3 octave
bands in the range of 100{10000 Hz. A scheme of the
measurement stand is shown in the following �gure
(Fig. 13).

Fig. 13. Scheme of the measurement stand.

On the basis of the carried out measurements the
acoustic e�ectiveness DIL was calculated. The ob-
tained results are shown in graph below (Fig. 14).

Fig. 14. The acoustic e�ectiveness D IL calculated for two
versions of screens’ �nal.

On the basis of obtained results it could be con-
cluded that for high frequencies the di�usive �nal has
greater e�cacy than the re
ective one. The increase in
acoustic e�ectiveness of the screen occurs in the use-

fulness frequency range of designed di�user. The use
of scattering element as a culmination of the screen
may increase its e�ectiveness in the �eld of the fre-
quencies range scattered by di�user. For presented con-
�guration it was proved that the acoustic e�ective-
ness of described screen’s con�guration has grown from
DIL = 17 dB to DIL = 18 :3 dB after using designed
di�user. This value is classi�ed as a very high.

4. Summary and conclusions

The examined new acoustic screen with absorbing
and di�using surface is a result of the progressive pro-
cess to improve the design of noise barriers. Based
on the comprehensive research and calculations car-
ried out in accordance with some standards for the
road acoustic screens, it can be concluded the stud-
ied acoustic screen meet the requirements of EN 1794-
1:2011 for snow removal and wind load in the �rst
load zone described in EN 1991-1-4:2005. Furthermore,
the results of tests carried out under simulated im-
pact of stones thrown from the roadway are positive.
The pestle strokes on the screen’s walls formed small
cavities, which are within the limits speci�ed in EN
1794-1:2011. There were also examined some acous-
tic parameters of the studied screen. It’s insertion
loss (ISO 10847) may even reach a value of 18.3 dB.
The scattering (ISO 17497-1:2004) and di�usion (ISO
17497 2:2012) coe�cients of the tested sample are very
high for the frequency range above 1600 Hz (up to 0.6
and 0.8, respectively). The sound absorption index
DL� is in the range from 4 to 7 (EN 1793-1:1997), de-
pending on the sample type, while the sound reduction
index DLR (EN 1793-2:1997) is equal to 33 dB if there
is no screen’s perforation or in the case of perforated
panels, it is greater than 24 dB.

Summing up, the presented acoustic screen can ef-
fectively compete with the structures currently used
for tra�c routes. It is distinguished by signi�cant
acoustic e�ciency, easy assembly, high durability or
the possibility of recycling. Moreover, the screen’s
acoustic parameters might be formed depending on
its designed function. The application of the di�us-
ing structure causes the considerable reduction of the
sound level on the direction of re
ection, however, this
e�ect is not commonly considered during the design of
acoustic screens. Therefore, it is reasonable to use such
highly di�using elements to the construction of noise
barriers. Furthermore, the sound scattering and di�us-
ing coe�cients should be placed in the manufacturer’s
catalog data.
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