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Abstract. Noise reflected from traffic barriers usually leads to
increasing of the noise level excited by the moving vehicles and
trains due to combined effect of source and reflected noise. The
number of people affected by this effect usually is many times
bigger than number of affected people behind the barrier. One of
the existed solutions is use of expensive combined noise barriers of
high degree of absorption. In this study a new passive transport
noise barrier having high level of reduction of the reflected noise
is treated. Acoustic efficiency is done by appropriate design of the
barrier profile performing source and reflected acoustic waves in-
terference in small volumes near the barrier. Also, these volumes
of intensive acoustic waves interference near the barrier have fre-
quency bands of high acoustic energy levels and are suitable for
energy harvesters. An analysis of the acoustic energy distribution
near the studied barrier is done using numerical simulation and
experimental validation in this work. Based on the results analy-
sis, some conclusions about usage and positioning of sound energy
harvesters are made.

Keywords: acoustic energy harvesting, active noise control, pas-
sive transport noise barriers.

1. INTRODUCTION

Reduction of the acoustic noise reflects directly on the people health and
environment protection. Three main ways are used to reduce the acoustic
noise: source sound power reduction, influence upon the noise radiation be-
tween the source and the recipient, and noise insulation of the working/living
place. In many cases application of the second method includes typical solu-
tion for reduction of noise propagation by different types of barriers, absorbers
or active noise control solutions. The enormous number of patented solutions
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and recent research works and publications in this area prove the actuality
of this research field [1–8]. Meeting the noise level standards requires expen-
sive and sophisticated solutions. The noise barriers are mainly divided into
passive, active and combined. Passive solutions mainly block the spreading
of sound waves and decrease the noise levels by reflecting acoustic waves [1,
9–14]. On the other hand, active methods input additional energy that is used
to eliminate the acoustic energy of the source by propagation of sound waves
of opposite phase [9], as well as a conversion of the sound energy to electricity
could be included [12, 15–17]. Combined solutions include combination of the
previously mentioned ones.

The relatively low cost of manufacturing, assembly and maintenance due
to the use of a few materials only, as well as the use of assemblies of equally
shaped elements are the main advantages of the passive noise barriers. This
is proved by the huge number of patented solutions [5–9, 18]. A lot of studies
show good acoustic efficiency of these barriers regarding the relation of the
noise level behind the barrier with respect to the source noise level [1, 11, 14].

Combined types of noise barriers are used in case of higher level of noise
reduction needed. They usually have additional closed space for spreading the
sound waves and/or additional absorption materials are used. This type of
barriers is relatively more expensive for manufacturing, assembly and mainte-
nance. Its advantage is better noise energy absorption [1, 9].

For the noise excited by the transport flows, it is very essential to reduce it
not only behind the barrier, but also the barrier reflected noise to be reduced.
Noise reflected from traffic barriers usually leads to increasing of the noise
level excited by the automobiles and trains. This effect insists transport noise
barriers to be designed for effective noise reduction behind them as well as
to produce small level of reflected noise in road direction. This will affect
in better noise environment for many passengers especially in case of busy
traffic in rush hours. People affected by this effect are usually far more than
the affected ones behind the barrier. One of the existed solutions is the use
of the above mentioned expensive combined noise barriers of high degree of
absorption [1, 9].

Nowadays there were designed different technologies and solutions for trans-
ferring the wave energy into electric one. Some solutions allow use of thin
shaped plates from specific materials to convert vibrational energy (including
noise energy) to electricity [12, 19–27]. These solutions could be implemented
in the passive noise barrier walls. It will lead to a new combined noise barrier
of better efficiency. The aim of this research study is to present a design of
passive transport noise barriers having areas of high noise level for acoustic en-
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ergy harvesting. The reflected noise level is done by appropriate design of the
barrier profile performing source and reflected acoustic waves interference in
small volumes near the barriers. The barrier construction, made by repeated
equally profiled elements, allows even the existence of acoustic bandgaps es-
pecially behind the barrier. A numerical model and analysis will be made to
estimate the presence of high level of sound energy areas for implementing the
noise-electricity conversion solutions.

2. DESIGN OF A TRANSPROT ACOUSTIC BARRIER
UNDER STUDY

To reach the aim defined above, it is used the acoustic noise barrier con-
struction, shown in Fig. 1 [14]. Noise insulating panels are made of non-metal
materials. They have a half-tube like form arranged one over the other, and
all their concave arc profiles have one and the same direction – to the sound
source waves. The essential characteristic of the barrier construction is that
the concave profile is exactly semi-cylindrical and the border area between two
neighbor channels is a sharp edge. These channels are arranged into H-shaped
metal columns fixed to the ground. The channels are fixed vertically to the
columns through non-metal semi-disks of external diameter, equal to the inter-
nal diameter of the channels. The semi-disks are fixed to the columns by bolt
or stud connection. More could be found in [14]. The main advantages of this
barrier are relatively high level of reflected noise reduction, as well as relatively
low costs of manufacturing, transportation, assembly and maintenance. In ad-
dition, there are areas of noise wave interference in front of the barrier and
close to it. Investigation of the sound energy distribution around the barrier
will answer for the best places for noise-electricity convertors arrangement.

Fig. 1. New acoustic barrier design [14]
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This barrier makes the interference between the source and reflected sound
waves to be close to the barrier. In this way the noise reduction by converting
sound energy into heat will have lower effect over the noise level near the
source. The degree of reflection depends mainly on the barrier material, sound
waves frequency and acoustic pressure level. An important parameter of the
barrier construction is the absence of reflecting surface, perpendicular to the
source sound waves. The exact semi-cylindrical profile of the channels focuses
reflected waves to interfere with the source waves inside the profile of the
channels. This makes these volumes appropriate for placing the harvesting
devices.

To achieve better performance, geometrical parameters of the barrier can
be designed for specific cases. Varying the width of the profile and the radius of
the channel according to the sound power and frequency is either a successful
way of improving the acoustic efficiency of the barrier, or a way to focus the
areas for noise-electricity conversion.

3. SIMULATION, TEST AND ANALYSIS OF THE ACOUSTIC
ENERGY DISTRIBUTION NEAR THE TREATED NOISE

BARRIER

The main investigation of the acoustic properties of new barrier is made by
numerical simulation using a professional software for acoustics – COMSOL
Multiphysicsr. Some of the numerical results are verified by a laboratory
experiment using a scaled prototype of the barrier made.

3.1. Experimental test of the scaled prototype of the new acoustic
barrier

To produce some laboratory experiments a scaled prototype of the barrier
is made. The prototype is shown in Fig. 2(a) and its main parameters are
given in Table 1. The test is shown in Fig. 2(b).

Table 1. Main parameters of the scaled prototype of the barrier under study

No Parameter Value
1 Diameter of the channel profile (internal), mm 76
2 Number of channels 7
3 Width of the profiled channels, mm 8
4 Material HDPV

5 Material density, kg/m3 970
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Fig. 2. (a) The scaled prototype of the new acoustic barrier;
(b) acoustic test of the prototype

The experiments were performed in a 40 dB semi-anechoic chamber. The
noise level inside the chamber and the noise level at the receiving position (be-
hind the barrier) were measured. The acoustic measurement and analyzing
system PULSE 3560B of the Bruel & Kaer equipped with the OEM software
and microphone 4516A is used. Before measurements, all the standard proce-
dures for calibration and estimation of the environmental noise influence are
proceeded. More information could be found in [13].

The results from the experiment are given in the Table 2. The following
notations are used:

Lfon level of the surrounding noise, dB;
LS noise level of the source, dB;
LRP (A) A-weighted noise level at the receiving point without barrier, dB;

Table 2. Results from experimental test of the scaled
prototype of the barrier under study

Octave, Hz Lfon, dB LS , dB LRP (A), dB L(RP,bar)(A), dB

63 Hz 19.7 67.9 48.2 41.8

125 Hz 22.1 68.1 54.3 47.2

250 Hz 23.0 68.2 58.9 51.2

500 Hz 19.6 68.2 62.8 49.1

1000 Hz 21.5 68.2 65.7 50.2

2000 Hz 16.7 68.2 66.4 46.6

4000 Hz 15.7 68.3 66.2 44.3

Eq 28.3 76.0 71.8 56.5
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L(RP,bar)(A) A-weighted noise level at the receiving point with new

barrier, dB;
Eq equivalent noise level for all the treated octaves, dB.
The results show an A-weighted noise level reduction in case of use of the

barrier prototype between 16 dB and 22 dB.

3.2. Numerical simulation and test of the scaled prototype
of the new acoustic barrier

Numerical simulation of the same scaled barrier prototype is made in COM-
SOL Multiphysicsr. The process of model building, model mesh, type of anal-
ysis and boundary conditions are the same as in [13]. Comparative results of
the new barrier acoustic efficiency are presented in Table 3 and in Fig. 3. Here
the following new notations are used:

L(RP,bar,n)(A) A-weighted noise level at the receiving point with new

barrier, numerically found, dB;
L(RP,bar,e)(A) A-weighted noise level at the receiving point with new

barrier, experimentally found, dB.
Results show relatively good relevance of the experimental and numerical

results for the scaled prototype of the new barrier acoustic efficiency. Differ-
ences are less than 30% for different octave bands which is appropriate for such
basic research problem and is similar to the known results in the literature.
Based on this conclusion next step of investigation is done.

Table 3. Comparative results from experimental and numerical
test of the scaled prototype of the barrier under study [13]

Octave L(RP,bar,n)(A) L(RP,bar,e)(A) L(RP,bar,n)(A)− L(RP,bar,n)(A)−
Hz dB dB L(RP,bar,e)(A), dB L(RP,bar,n)(A), %

63 39.6 41.8 −2.2 −5.3%

125 48.4 47.2 1.2 2.5%

250 47.1 51.2 −4.1 −8.0%

500 56.7 49.1 7.6 15.5%

1000 59.1 50.2 8.9 17.7%

2000 54.6 46.6 8.0 17.2%

4000 53.7 44.3 9.4 21.2%
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Fig. 3. Comparative results from experimental and numerical
test of the scaled prototype of the barrier under study [13]

3.3. Numerical investigation of the acoustic energy distribution
near the barrier

In this section an investigation of the noise level distribution on both the
sides of the new acoustic barrier is presented in the vertical plain. The noise is
emitted by a small source of spherical noise waves. The studied acoustic barrier
as well as the environment around it are modelled as a “three-dimensional”
2D axisymmetric object [13]. For the present study a Frequency Acoustic
Analysis-Pressure Acoustic, Frequency Domain is used. Again, the COMSOL
Multiphysicsr is used. The process of material parameters, model building,

Fig. 4. Scheme of the investigation
and measurement points
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model mesh, type of analysis and boundary conditions are the same as in [13].
Scheme of the investigation is presented in Fig. 4. The source S emits

spherical waves. They reach the front surface of the barrier and reflect. In the
near the barrier volumes both types of the waves (from the source and reflected
ones) interfere. It is made a measurement of the noise levels at typical points
and volumes in front of the barrier surface to find the presence of places of
high-level acoustic energy. Figure 5 shows the numerical results for noise
distribution in the vertical plane of the source at 1 kHz and 2 kHz without
barrier. Figure 6 shows noise level distribution with barrier at frequency octave
bands of 1000 Hz and 2000 Hz, respectively.

To study the spatial distribution of the sound pressure around the barrier,
a parametric numerical study was performed at different frequency ranges of
the source, both in octave bands and in a wider “white noise” frequency range.
For all these cases, the sound pressure level and its frequency distribution at
measuring points in the above-mentioned areas are determined. For certain
measuring points, an experimental measurement of the sound level was per-
formed to verify the numerical results.

Figure 7 presents the noise level in dB, at height points of 1.5 m, at different
distances from the back wall of the new acoustic barrier. The results are in
octaves in the range 63 Hz–4 kHz, and the equivalent level for these ranges.

From the results, it can be seen that by varying the distance behind the
barrier, the sound pressure level changes differently for the different frequency
ranges, and the variations are not unambiguous in direction, character and
size. It is visible that at frequencies between 1 kHz and 4 kHz the magnitude
of variations reaches 100%, while at low frequencies these changes are up to
30%. This change nature can be explained by the presence of alternating zones
of lower and higher acoustic pressure due to the Sonic Crystals effect. The
change in the equivalent sound level in this case is below 8%.

Figure 8 gives the sound pressure level in dB at measuring points at a
height of 1 m between the noise source and the new acoustic barrier. The
results are in octaves in the range of 63 Hz–4 kHz, and the equivalent level for
these ranges.

From the results it can be seen that with the variation of the distance be-
tween the source and the barrier, the sound pressure level changes significantly
only in some of the low frequency ranges, and the variations are not unam-
biguous in the direction, character and size. The magnitude of these changes
is up to 30%. The change in the equivalent sound level in this case is below
7%.
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Fig. 5. Source noise level distribution without barrier
at frequency octave bands 1 kHz and 2 kHz

Fig. 6. Noise level distribution with barrier at frequency
octave band: (a) 1000 Hz; (b) 2000 Hz

Fig. 7. Sound pressure level at measuring points at a height
of 1.5 m behind the new acoustic barrier, dB

Figure 9 presents the results for the sound pressure level distribution in dB
at measuring points at 0.1 m distance from the front wall of the barrier. The
results are in octaves in the range 63 Hz–4 kHz, and the equivalent level for
these ranges.
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Fig. 8. Sound pressure level at measuring points at a height
of 1 m between the noise source and the new acoustic barrier, dB

Fig. 9. Vertical sound pressure level distribution at 0.1 m
distance from the front wall of the new acoustic barrier, dB

From the results it can be seen that by varying the height of the measuring
point located close to the profile in front of the barrier, the sound pressure
level differs substantially for the different octaves, as well as varying in size
and direction for different frequency ranges. The magnitude of these variations
reaches 100%. The change in the equivalent sound level in this case is up to
30%. Generally, there is a tendency for a slight decrease of the sound level in
height.

The following conclusions can be defined:
• The level of sound energy in the space between the source and the barrier

is relatively high and close to that of the source;
• The distribution of the sound energy level in the space between the source

and the barrier is influenced significantly depending on the frequency, po-
sition and parameters of the barrier;

• There is no unambiguous dependence for determining the spatial and fre-
quency distribution of sound energy near the barrier;

• Due to the relatively high equivalent noise levels near the barrier from the
source side, it makes sense to develop and integrate power supply devices
from transport noise;
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• Synthesis and integration into the new type of barrier of energy production
from traffic noise must be done along with the synthesis of the barrier in
order to read the frequency distribution of the noise, the acoustic character-
istics of the barrier as well as the technological, operational and installation
requirements.

4. CONCLUSION

In this study it is presented a passive transport noise barrier having areas of
high noise level for acoustic energy harvesting. The reflected noise level is done
by appropriate design of the barrier profile performing source and reflected
acoustic waves interference in small volumes near the barriers. A numerical
model and analysis were made to estimate the presence of high-level sound
energy areas for implementing the noise-electricity conversion solutions.

The results show presence of high-level sound-energy areas near the barrier
for implementing the noise-to-electricity conversion solutions. To fulfill the
requirements for barrier high acoustic efficiency and sound energy harvesting
solutions, the frequency distribution of the noise and the acoustic character-
istics of the barrier materials and geometry must be used.
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