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The need to enhance the people's mobility has produced a significant increase in the environmental pollution, in-
cluding transportation noise. In order to reduce transportation noise it is possible to act directly on transport me-
dia or on the urban environment, by protecting sensitive receptors with techniques for noise reduction. The noise
barriers are one of the most common examples of noise reduction devices. In this paper the authors show and
discuss the results of an in situ analysis of the acoustical performance of concrete noise barriers, installed in an
important highway infrastructure of the Central Italy. The structure of examined barriers is composed of 8 over-
lapping panels made by autoclaved aerated concrete. The faces of the panels, facing the noise source, can be
smooth or machined with high pressure water jets (rough surface with irregular horizontal chamfering) to in-
crease the sound absorption properties. In order to increase the sound absorption of the barriers, till to the higher
quality class (A4) indicated in EN 1793-5, semi-cylindrical acoustical absorbers have been designed. They are
made by metallic micro-holed envelope with the cavity partially filled by suitably shaped polyester fiber and
they can be installed at variable distances from the face of the panel.

1 Introduction

The problem of human exposure to noise has in-
creased, particularly over the last fifteen years, by the
development of infrastructure and transport systems, re-
sulting in higher public attention to the problem of noise
pollution and damage caused by noise [1-4].

As regards the noise due to the transport infrastruc-
tures, it has been greatly increased by the current traffic
characteristics, with the considerable increase of the
flows, the traveling speed and the amount of vehicles in
circulation. This effect is particularly significant for the
national motorway system and more specifically for those
roads considered as highways that cross the national terri-
tory and that very usually run near the towns.

The extreme variability of the types of vehicles that
travel on the roads and their average speed make complex
the analysis of the transportation noise and the problems
related to its propagation.

By considering the road as a continuous vehicular
flow, it is possible to observe that the main factors of in-
fluence to the noise of a given infrastructure (both in
terms of equivalent continuous and statistical distribution
of sound pressure level) are: the number of vehicles, the
presence percentage of heavy vehicles, the average speed
of vehicular flow.

More easier is the analysis of a single vehicle consi-
dered as a multi noise source, in particular noise sources
can be identified in [5]:

- engine, transmission, moving parts, air intake and ex-
haust system, cooling system;

- contact between tire and ground (rolling noise);

- aerodynamic effect.

With average speeds permitted by law and the compo-
sition of traffic flows typical of roads and highways, the
aerodynamic effects on the propagation of noise can be
reasonably neglected [5].

The noise emitted by the engine is the main compo-
nent for heavy vehicles, it increases with increasing
speed. For light vehicles the more relevant component is
the rolling noise, which also increases with increasing
speed.

Unlike of the noise emitted from the engine, the roll-
ing noise is characterized by strong directivity, which
allows to draw diagrams of emission that can be found in
the technical literature.

With regard to the spectral distribution of the emitted
sound energy it is possible to observe the presence of
components at low and medium frequencies [5], with
trends that are more influenced by the vehicles speed that
by the composition of the vehicular flows.
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In order to reduce the noise pollution due to a road in-
frastructure, the more effective actions can be summa-
rized in the following three types:

- actions carried out directly on the noisy source (in par-
ticular the use of sound-absorbing flooring);

- actions carried out along the sound propagation from
source to receptor (in particular installation of noise bar-
riers);

- actions carried out directly on the receptor (in particular
use of building structures with high sound insulation).

The first type of actions require frequent maintenance
to ensure that the effect of sound absorption, essentially
due to the porosity of the flooring, is not reduced quickly
in time. On the other hand the actions carried out directly
on the receptor have problems of both technical and legal
nature, usually not easy to solve.

The actions carried out along the sound propagation
from source to receptor, in particular with the use of ade-
quate noise barriers (see Fig 1), are those most commonly
taken to reduce the phenomena of noise pollution caused
by to road infrastructure.

Figure 1: examples of noise barriers installed on the sides of
highway infrastructures.

In this paper the results of the analysis of in situ
acoustical performance of concrete noise barriers are re-
ported and discussed. The barriers are installed in an im-
portant highway infrastructure of the Central Italy.

2  General characteristics of the
analyzed noise barriers

The analyzed noise barriers are built with a concrete
structure that is composed of 8 overlapping panels made
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by autoclaved aerated concrete (porenbeton) and assem-
bled in situ (see Fig. 2). The geometrical dimensions of
each panel are: length L=7.5 m, height h=0.625 m and
thickness S=0.2 m, consequently each analyzed barrier
has an overall height above the ground (given by the sum
of the 8 panels) H =5.0 m (Fig. 3).

The face of the panels, facing the noise source, can be
smooth or machined with high pressure water jets, in or-
der to obtain a rough surface with irregular horizontal
chamfering and enhanced sound absorption properties.

Figure 2: some pictures of analyzed noise barriers: panels made
by autoclaved aerated concrete before the assembly (upper left
side), operations of in situ assembly of the panels (upper right
side), noise barrier with semi-cylindrical acoustical absorbers
(bottom left side), detail of acoustical absorbers (bottom right
side).

The analyzed noise barriers can be composed com-
pletely of panels with smooth faces, completely of panels
with machined faces or of a combination of smooth and
machined faces.

In order to further increase the sound absorption prop-
erties, special semi-cylindrical acoustical absorbers can be
applied on the faces of the panels facing the noise source.
The semi-cylindrical acoustical absorbers have been spe-
cifically designed during this research activity, they are
made by metallic micro-holed envelope with the cavity
partially filled by suitably shaped polyester fiber and they
can be installed at variable distances from the face of the
panel.

The semi-cylindrical acoustical absorbers can be ap-
plied on the faces of the panels by using hooking mechan-
ical systems (nailed directly to the panels in predefined
positions) and they can be fixed with bolts, resulting in
different percentages of coverage of the surface of the
panels, in function of the acoustical performance to be
obtained. As can be seen from the schematic representa-
tion of Fig. 3, each acoustic absorber has a length of 200
cm and a height of about 25 cm (maximum radius of the
section of the absorber is 11.5 cm).

The designed acoustical absorber contributes signifi-
cantly to improve the absorption properties of the noise
barrier on which it is installed, in particular acting
through the phenomena of absorption (for porosity and
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cavity resonance) and diffraction of the sound perturba-
tion.

Overall the set of design characteristics give to the
analyzed noise barriers high acoustical performance,
promoting good behavior of the barriers on a wide portion
of the frequency range of interest (standardized) between
100 Hz and 5 kHz. In addition to this, it should be consi-
dered the contribution, to the mitigation of noise from the
transport infrastructures, given by the high sound insula-
tion of the barriers in cementitious materials (for example
in concrete or porenbeton).

semi-cylindrical acoustical absorber
with metallic micro-holed envelope
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Figure 3: schematic representation of the analyzed noise barriers
(top) with details of the main dimensions of the semi-cylindrical
acoustical absorbers (bottom).
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It important to note that the common noise barriers,
made with sandwich panels (typically thin and light), do
not possess all the characteristics which are proper instead
of the analyzed barriers independently of the type of in-
stallation and of the geometry of particular application.
Furthermore, the thin barriers can produce diffraction
effects of the upper edge only in the case in which are
installed suitable systems on the edge of the barrier itself.

3  Configurations of analyzed noise
barriers and measurement setup

As described above, the analyzed noise barriers can be
realized in different configurations. They can be obtained
by varying the number of panels with surface treatment
with respect to the total number of panels that make up
the barrier and applying a different number of semi-
cylindrical acoustic absorbers so as to cover different per-
centages of the total area of the barrier.

In Table 1 the characteristics of the configurations of
barriers whose performance have been measured in situ
are shown. In particular in Tab. 1 with N is indicated the
number of panels with the face exposed to the noise ma-
chined with high pressure water jets (rough surface), with
N; the number of the panels with the face completely
smooth, with Nt the total number of panels that make up
the barrier and with Ag the percentage of the total surface
exposed to the noise of the barrier that is covered by
sound absorbers. (e.g. see Fig. 3).

Table 1: parameters characterizing the configurations of the
analyzed barriers.

Configuration NL N; Nt (1,>:)
LAAS/20 20
LAAS/26 0 8 26
LAAS/35 35

TAAS/O 8 0
TAAS/18 3 5 18
TAAS/25 25

With regard to the configurations in which there are
some panels with machined surfaces (configurations iden-
tified with IAAS) should be specified that these panels are
installed in succession starting from the ground and there-
fore they represent the 3 panels closer to the ground level,
since they have higher sound absorption performance
with respect to the smooth panels.

For all the configurations shown in Table 1, in situ
measurements of sound reflection performance have been
carried out. For some significant configurations, in situ
measurements of airborne sound insulation performance
(configuration IAAS/25) and of sound diffraction perfor-
mance (LAAS/35 configuration) have been also per-
formed, these measurements are not discussed in this pa-
per.

The measurements have been carried out on a series of
barriers installed near the link road R14 Casalecchio di
Reno (Bologna, Italy) of the motorway Al, which is one
of the largest motorways of the central-northern Italy.

The activity of the in situ measurements has been
conducted in accordance with the procedures outlined in
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the technical regulations, particularly in the technical spe-
cification CEN / TS 1793-5 [6] regarding the performance
of sound reflection and airborne sound insulation and in
the technical specification CEN / TS 1793-4 [6 ] regard-
ing the performance of sound diffraction.

The positioning of the instrumentation used for all
measurements has been in compliance with the indica-
tions reported in the technical specifications. In particular
for the measurements of sound reflection performance,
the complex loudspeaker-microphone has been positioned
in such a way that the microphone is placed in front of the
most protruding part of the surface of the analyzed bar-
rier, as close as possible to center of the barrier.

Before proceeding to the measurements it has been ve-
rified that the maximum sampled area (MSA as defined in
[6]) for each configuration was representative of the per-
centage distribution of semi-cylindrical acoustic absorbers
applied to the analyzed barrier.

The measuring equipment used during the tests (supplied
by the Lighting and Acoustics Laboratory, Dept. of Ener-
gy and Systems Engineering, University of Pisa) complies
with the specification CEN/TS 1793-5. The instrumenta-
tion used during the activity consists of:

- Briiel and Kjaer integrating-averaging sound level me-
ter, model 2250, single-channel, class 1;

- Briiel and Kjaer prepolarized free-field ¥2" microphone,
model 4189, nominal Open-circuit Sensitivity 50 mV/Pa,
equipped by windscreen;

- Briiel and Kjaer sound calibrator, model 4231;

- Briiel and Kjaer 2 channels power amplifier, model
2716, with maximum output power 400 W (measured at
230 V AC);

- 01 dB 6” full range sound source (loudloudspeaker),
model “Rotone” maximum power 200 W;

- workstation laptop complete with software Dirac (de-
veloped by Briiel and Kjaer) for generating the sound
signal Maximum Length Sequence (MLS).

For the validity of the measurements it is required [6] that
these are carried out in the absence of rain or other preci-
pitations, the wind speed in the positions of measurements
is less than 5 m-s™' and the air temperature is between 0
and 40 °C. In order to verify these conditions and in order
to use the correct values of the sound speed in post-
processing, some measurements of wind speed have been
performed during the activity using an anemometer con-
nected to a data logger. Moreover measurements of air
temperature and relative humidity of the air have been
performed with a frequency acquisition of 1.7-10° Hz
using two probes equipped with internal memory, each
arranged on one side of the barrier. All the measurements
of sound reflection performance have been carried out in
wheatear conditions in which all the limit values fixed for
the meteorological parameters in the technical specifica-
tions were satisfied.

4 Results of in situ measurements

The impulse responses for all the analyzed configura-
tions have been obtained using MLS sound signals (MLS
order N=15, MLS signal length T=0.68 s) and subse-
quently post-processed, in accordance with what is indi-
cated in [6]. The post processing of impulse responses has
been performed wusing a sample rate f=48 kHz
(f>fs min=43 Hz, minimum value indicated in [6]).
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Before proceeding to the determination of the perfor-
mance indexes, all the recorded signals have been filtered
by anti-aliasing Butterworth filter of order 20, with the
cut-off frequency of the filter f.,=10 kHz, f, is smaller
than the upper limit value f , n.x=k-f;=12 kHz indicated in
[6] (with k=0.25 for the Butterworth filters).

With reference to the in situ measurements of sound
reflection, for all analyzed configurations the sound ref-
lection index RI as a function of frequency has been cal-
culated, using the signal subtraction technique [6] to ob-
tain the reflected component from the overall impulse
response, and performing the windowing operations with
Adrienne temporal window [6], in order to amplify the
signal portions most useful for the study of the phenome-
non investigated.

In the graphs of Fig. 4 and Fig. 5 the RI values at the
central frequencies of the one-third octave bands (from
100 Hz to 5 kHz) are reported. The RI values are obtained
respectively for the configurations consisting of panels
completely smooth (LAAS configurations, see Tab. 1)
and for the configurations with machined surfaces (IAAS
configurations, see Tab. 1).

From the analysis of Fig. 4 and Fig. 5 it is possible to
highlight, in a quantitative way, such as the increase of
the surface covered by semi-cylindrical acoustical absor-
bers produces a reduction of the RI at all the frequencies
in the range from 100 Hz to 5 kHz. This effect is particu-
larly evident from a comparison between the RI values
obtained for the configuration without acoustical absor-
bers (IAAS/0) and for the configurations, realized starting
from the same barrier, with the addition of acoustical ab-
sorbers (IAAS/18 and TAAS/25).

When the RI index has been evaluated as a function of
frequency it is possible to characterize the analyzed bar-
rier with a single index that takes into account the beha-
vior of the sound reflection at all the frequencies. This
index, named single-number rating of sound reflection
DLg; is defined as [6]:

18
DRI, 10"
DL =—10-Ig| =

1001L:
2

(M

where L; is the sound pressure level due of the traffic
noise as defined in [6] for the i-th central frequency of
one-third octave bands.

In Tab. 2 the DLy, values obtained for all the analyzed
configurations are reported with the quality class [6] that
can be assigned to the different configurations of the bar-
riers.

Lacking laboratory tests relating to the acoustical per-
formance of the analyzed barriers and therefore not hav-
ing available values for the DLa index as defined in [6],
the quality class of each configuration has been assigned
by comparing directly the values obtained from in situ
measurements DLg; with the limit values of quality class
given in [6].

The use of the DLg; index for the determination of the
quality class, as well described in [7-9], is conservative
with respect to the actual performance of the barriers.

Since the distribution of semi-cylinder acoustical ab-
sorbers is non-uniform on the surfaces of the barriers ex-
posed to noise (see Figure 2), the in situ measurements of
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sound reflection performance have been repeated for
some significant configurations by positioning the com-
plex loudspeaker-microphone in order to obtain different
MSAs.
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Figure 4: results of in situ measurements of sound reflection
index as a function of frequency for the LAAS configurations.
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Figure 4: results of in situ measurements of sound reflection
index as a function of frequency for the IAAS configurations.

Tab. 2: single-number rating DLg; values and quality class for
all the analyzed configurations.

LAAS/20 6.6 A2
LAAS/26 9.6 A3
LAAS/35 12.0 A4
TAAS/0 42 A2
TAAS/18 8.1 A3
TAAS/25 11.1 A4

By way of example in Fig 6, for the configuration
LAAS/35, 3 different positions of the complex louds-
peaker-microphone (vertical planes orthogonal to the sur-
face of the barrier on which the rotations indicated in the
measurements procedures have been carried out)and the
respective MSAs are shown.

The axis indicated by C in Fig. 6 represents the posi-
tioning of the loudspeaker-microphone on the vertical
plane passing through the center of the barrier, the axes
indicated by Sx and Rx represent positions of the complex
loudspeaker-microphone shifted of 1 m respectively to-
wards left and right from the center of the barrier.
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Figure 6: indication of the vertical planes used in the in situ
measurements for the positioning of the complex loudspeaker-
microphone and representation of the relative MSA.

From the analysis of the Fig. 6 it is possible to note
that for different MSAs correspond different surfaces that
are covered by the semi-cylindrical acoustical absorbers.
In Tab. 3 the surfaces covered by the absorbers S,, the
percentages of coverage of the MSA and the DLg; values
obtained for different positions are indicated.

From the analysis of the values reported in Tab. 3, it
can be observed that the increase of the percentage of
absorbers contained in MSA corresponds to a reduction of
DLg;. In particular, passing from position Dx to position
Sx, an increase of 18% of S, can be obtained which cor-
responds to a reduction of DLg; of about 6%.

In Fig. 7 the results of in situ measurements of RI as a
function of frequency obtained for different MSAs of the
LAAS/35 configuration are shown.

Tab. 3: surfaces covered by the absorbers, percentages of cover-
age of the MSA and DLg, values for LAAS/35 configuration.

| MSsA Sy | SYMS | DLu
Position (m?) (m?) A(%) (dB)
C 47 39 12.0
Sx 12.1 55 45 12.7
Dx 45 37 11.9
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Figure 7: results of in situ measurements of sound reflection
index as a function of frequency for different MSAs (LAAS/35
configuration).
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As can observed from Fig. 7, the most significant differ-
ences between the different positions, and consequently
between different MSAs, are obtained for frequencies
between 250+400 Hz, and for frequencies above 3150 Hz,
the frequencies for which, especially for the LAAS confi-
gurations, the effect of the presence of semi-cylindrical
acoustical absorbers is more important (see Fig. 4).

5 Conclusions

In this paper the results of the analysis of in situ
acoustical performance of concrete noise barriers are re-
ported and discussed. The barriers are installed in an im-
portant highway infrastructure of the Central Italy. The
analyzed noise barriers can be realized in different confi-
gurations. The faces of the barriers exposed to the noise
source can be smooth or machined with high pressure
water jets and on these faces can be applied semi-
cylindrical acoustic absorbers specially designed. From
the results of the in situ measurements it can be observed
that the higher quality class (A4) can be assigned to the
analyzed barriers if a sufficient amount of semi-
cylindrical acoustical absorbers is applied on their surfac-
es.

Acknowledgments

The results presented in this paper are part of the re-
search activity carried-out on behalf of the Company Ur-
bantech Srl (Pisa, Italy). The Authors would like to thanks
Eng. Giampaolo Tizzoni and Eng. Silvia Sabbatini for
their cooperation during the experimental measurements.

References

[1] World Health Organization Europe, Burden of disease from envi-
ronmental noise — Quantification of healthy life years lost in Eu-
rope, Copenhagen (2011).

[2] Dings J., Jensen G. (editors), QUIET PLEASE — Better health
through strong EU regulation of road and rail traffic noise, Euro-
pean Federation for Transport and Environment & Health and En-
vironment Alliance, Brussels (2010).

[3] European Environment Agency, Good practice guide on noise
exposure and potential health effects, EEA Technical Report n.11,
Copenhagen (2010).

[4] World Health Organization Europe, Night noise guidelines for
Europe, Copenhagen (2009).

[5] Romani P., Ventura F., La rumorosita ambientale: il ruolo della
barriere architettoniche, Pitagora Ed., Bologna (1992).

[6] CEN/TS 1793 series, Road traffic noise reducing devices — Test
method for determining the acoustic performance; Part 1 (EN): In-
trinsic characteristics of sound absorption; Part 3 (EN): Normal-
ized traffic noise spectrum; Part 4: Intrinsic characteristics — In
situ values of sound diffraction; Part 5: Intrinsic characteristics —
In situ values of sound reflection and airborne sound insulation,
Brussels (1997-2003).

[7] Tronchin L., “Venturi A., Farina A., Varani C., In situ measure-
ments of Reflection Index and Sound Insulation index of noise bar-
riers”, Proc. 20™ Int. Cong. on Acoustics, Sydney, 1-7 (2010).

[8] Garai M., Guidorzi P., “European methodology for testing the
airborne sound insulation characteristics of noise barriers in situ:
experimental verification and comparison with laboratory data”, J.
Acoust. Soc. Am., 108 (3), 1054-1067 (2000).

[9]1 Garai M., Guidorzi P., “Experimental verification of the European
methodology for testing noise barriers in situ: sound reflection”,
Proc. InterNoise 2000, Nice (France), 1-6 (2000).



