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IMPROVEMENT OF THE EFFICIENCY OF 
NOISE PROTECTIVE SCREENS DUE TO 
SOUND ABSORPTION

Об’єктом дослідження є звукове поле від лінійних джерел звуку довкола шумозахисних екранів. Змен-
шення рівнів звуку за екраном в першу чергу обумовлено геометричними розмірами екрану та взаємним 
розташуванням екрана та джерела звуку. Впливу даних факторів приділялася велика кількість наукових 
публікацій. Однак проблемним місцем таких досліджень є те, що екрани вважались або повністю акустично 
жорсткими або звукопоглинальними. 

В даній роботі розглянуто ситуацію імпедансного екрану, що досить часто застосовується на практиці. 
Розрахунок поля довкола такого екрану проводився засобами комп’ютерного моделювання, що дозволяє 
легко змінювати величину акустичного імпедансу поверхні екрану. 

Для обчислення звукового поля довкола екрану було обрано метод скінченних елементів. Звукопоглинальні 
властивості екрана визначалися зміною акустичного імпедансу лицьової сторони екрана. При цьому екран 
залишався акустично непрозорим. Таким чином, було проведено аналіз впливу коефіцієнта звукопоглинання 
на звукове поле довкола екрана за різних висот екрану та відстані джерел звуку до екрана. Це дозволило 
отримати результати рівнів звукового тиску довкола екранів, що зустрічаються в інженерній діяльності. 
Проведені дослідження показали, що використання звукопоглинального облицювання шумозахисних екра-
нів дозволяє збільшити їх ефективність. Виявлено, що чим ближче екран розташовано до джерела звуку, 
тим більший вплив його звукопоглинальних властивостей. Показано, що для низьких частот збільшення 
ефективності екрану за рахунок звукопоглинання може сягати величини 5 дБ.

Отримані у ході дослідження результати можна використовувати при проектуванні шумозахисних 
екранів для зниження рівнів шуму від транспортних потоків. Особливо корисними отримані результати 
будуть при проектуванні екранів з висотами більше 4 м.

Ключові слова: шумозахисний екран, дифракція звуку, зменшення рівня звуку, імпедансні властивості, 
звукопоглинальний екран.
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1.  Introduction

Noise protective screens are one of the most effective 
ways to reduce the noise of various noise sources  [1, 2]. 
Throughout the world, the most common source of exces­
sive noise is traffic, according to various sources, cover from 
50 % to 70 % of the territory of settlements [3, 4]. Recently, 
much attention has been paid to the construction of new and 
reconstruction of existing transportation routes to increase 
the intensity of transportation and improve the safety of their 
operation. One of the requirements for the safe operation of 
any construction projects, which undoubtedly include road 
and rail tracks, is the requirement of «noise protection» [5].

As numerous studies show, the effectiveness of screens 
primarily depends on the height of the screen. The data [6] 
are presented that, with a screen increase of 1 m, its efficiency 
increases by 1.5–2  dBA. However, the construction of high 
screens (with a height of more than 6 m) is associated with 
great difficulties – an increase in wind and snow loads. This, in 
turn, leads to an increase in the size of load-bearing elements 
and foundations, and is reflected in excessive material costs.

Therefore, the search for ways to increase the effective­
ness of noise protective screens with constant geometric 
dimensions is an urgent task, the solution of which will 
reduce material costs.

2. � The object of research  
and its technological audit

The object of research is the sound field from linear 
sound sources around an impedance noise protective screen.

Noise protective screens installed along highways are 
usually made in the form of vertical walls with acousti­
cally rigid materials and have a very low sound absorp­
tion coefficient.

The use of sound-absorbing cladding of screens has 
been little studied and therefore the influence of the coef­
ficient of sound absorption of screens on the acoustic field 
around it is not fully understood.

3.  The aim and objectives of research

The aim of research is to evaluate the effect of sound-
absorbing properties of noise protective screens on its 
effectiveness.

To achieve this aim, it is necessary to complete the fol­
lowing objectives:

1.	 To determine the relationship of sound-absorbing 
properties of the screen and increase its effectiveness.

2.	 To determine the maximum possible increase in screen 
efficiency due to sound absorption.



INDUSTRIAL AND TECHNOLOGY SYSTEMS:
MECHANICS

12 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 3/1(53), 2020

ISSN 2664-9969

4. � Research of existing solutions  
of the problem

The problems of using noise screens and finding their 
effectiveness in the world began to be dealt with from the 
mid-60s of the last century. Such studies are based on work [7], 
however, the experimental studies of the authors of this work 
were based on finding a noise screen without taking into 
account the influence of the earth. Later, laboratory studies 
were conducted of reducing the effectiveness of noise screens 
for point sources of sound and obtained approximate expres­
sions for finding their effectiveness, taking into account the 
reflection of sound from the surface of the earth  [8]. These 
studies were based on the theory of geometric acoustics, 
which led to a limitation of the scope of application of the 
obtained expressions in the low and medium frequencies.

With the development of computer technology, it became 
possible to conduct computer simulation of the acoustic field 
around the screen. The most widely used are the method 
of limit regions  [9] and the finite element method  [10]. It 
was shown in  [11] that the method of limit domains can 
be applied to any geometric system with arbitrary boundary 
conditions, but the calculation will be a factor that limits 
the complexity of the system and is suitable for solving 
external problems. At the same time, the finite element 
method allows solving internal problems by dividing the 
decoupling region into elementary particles [12]. A common 
drawback of numerical methods is the uncertainty of the 
calculation error, and the most common way to assess the 
adequacy of a computer model is to compare the results 
of calculations with full-scale or with experiments.

In  [13, 14], the use of screens with different geometry 
of edges was considered as one of the ways to increase 
the efficiency of noise protective screens. In this paper, it 
is shown that the use of various upper edges of the screen 
leads to an increase in their efficiency by up to 10 dB. How­
ever, this value was obtained for discrete frequencies, while 
transport noise, as is known, is continuous in spectrum, and 
therefore the efficiency of using such diffusers is not proven.

One of the ways to increase the efficiency of screens is the 
use of sound-absorbing structures on the screen side, facing 
the sound source. Literature data  [15] indicate an increase 
in screen efficiency due to sound absorption by up to 9 dB, 
which is a very significant indicator. Other data presented 
in [16, 17] show that a decrease in the sound level behind the 
screen due to its sound-absorbing properties is not significant.

Thus, it is precisely the uncertainty in the estimates of 
the effect of sound absorption of the screen on its effective­
ness that prompted the study of this issue. In addition, in 
connection with the practical design of screens, the authors 
of the work conducted a study of the effect of sound ab­
sorption of the screen on its effectiveness.

5.  Methods of research

These tasks were solved by computer simulation. Using 
the Comsol Multiphysics software, a model of a reflective 
noise protective screen and a sound-absorbing screen was 
created. The acoustic field around the screens was found 
using the partial element method.

When solving wave problems, it becomes necessary to 
simulate a free field region – such a boundary of the com­
putational domain through which acoustic waves would pass 
without any reflection (Fig. 1). For this model, the condition 

of perfectly matched layers was applied to limit the area 
of numerical modeling – perfectly matched layer (PML).

Fig. 1. Schematic representation of the PML condition

Thus, the use of PML allows to calculate the sound field 
from various sound sources in a limited area and not to take 
into account the reflection of sound from the boundaries 
of this area. This allows to build models of much smaller 
volume, reduces the resource costs for calculating the field 
without compromising the accuracy of the calculations.

6.  Research results

6.1.  Development of computer model. The next step was to 
build a two-dimensional geometry of a noise protective screen 
with a road and noise sources (Fig. 2). Models of the road were 
built on the example of highways of international importance in 
Ukraine, such as M-06 Kyiv – Chop, M-03 Kyiv – Kharkiv –  
Dovzhanskyi, M-05 Kyiv – Odesa, for which several projects 
of noise screens have already been completed. 30 m wide road 
with two lanes and an emergency stop lane in each direction.

Accordingly, in a computer model, 4 linear sound sources 
are set corresponding to traffic flows that move along each lane.  
The height of the sound sources is 0.5 m, which corresponds 
to the height of the acoustic center of the traffic stream. 
The height of the screen is 5  m, located on the edge of the 
road on one side (Fig.  2).

For each sound source, the source productivity parameter 
Q = 0.01 m2/s was set, which did not affect the research results, 
since the screen efficiency within the linear model does not 
depend on the level of sound energy created by sound sources.

The study of changes in sound levels with a screen was 
carried out at points at a distance of 0 to 20 m behind the 
screen (in increments of 0.25  m) and a height of 1.5  m.  
A land surface with a sound absorption coefficient of 1 – 
corresponding to the surface of the ground covered with 
grass was modeled on the screen  [18].

The acoustically sound-absorbing screen had a section 
of a rectangle 5  m high and 0.1  m wide. This width cor­
responds to most noise screens built in Ukraine.

Sound-absorbing properties of the screen were set through 
the input acoustic impedance parameter of the front sur­
face of the screen. All other screen surfaces were modeled 
acoustically rigid, that is, with infinite impedance. Such an 
approach in acoustics is justified when the acoustic impe­
dance of an obstacle is three or more orders of magnitude 
higher than the acoustic impedance of the medium in which 
the acoustic wave propagates.
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The absorption coefficient of an acoustic wave in in­
tensity was calculated from the known relation:

α =
⋅ ⋅

+
4 1 2

1 2
2

Z Z

Z Z( )
, 	 (1)

where Z1 – impedance of the medium from which the acoustic 
wave propagates; Z2  – input screen impedance. 

Four sound absorption coefficients α were chosen for 
which the calculations were carried out (Table  1).

For each coefficient, a screen model was built and the 
distribution of acoustic pressures at frequencies of 31.5 Hz, 
63 Hz, 125 Hz, 250 Hz, 500 Hz and 1000 Hz was repro­
duced. The sound pressure levels of the absolutely reflecting 

screen (a = 0) and the impedance screen are compared with 
the corresponding sound absorption coefficient.

Table 1
Sound absorption coefficients and acoustic input impedance of the screen

Z1, kg/(m2s) 411.6

Z2, kg/(m2s) 411.6 792.3 2399.0 15630.0

a 1 0.9 0.5 0.1

6.2.  Calculation results. Fig.  3, a–d shows the increase 
in the efficiency of the noise protective screen when apply­
ing sound-absorbing material to it (i.  e., the difference in 
sound pressure level with a completely reflective surface of 
the screen and the sound-absorbing surface of the screen).
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Fig. 3. Increasing the screen effectiveness due to sound absorption of the front side: a – α = 1.0; b – α = 0.9; c – α = 0.5; d – α = 0.1

Fig. 2. The relative position of the noise source, screen and design points
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Fig. 3, a shows the maximum increase in the efficiency of 
the noise protective screendue to sound absorption. As it is 
possible to see, the screen efficiency ranges from 1.5 dB to 3 dB, 
depending on the frequency. With increasing distance behind 
the screen, the effect of sound absorption on increasing the 
efficiency of the screen decreases and ranges from 1 dB to 2 dB.

With a decrease in the sound absorption coefficient 
(Fig.  3, b–d), the increase in the efficiency of the screen 
monotonously decreases. And for a sound absorption coef­
ficient of 0.5, the increase in screen efficiency due to the 
sound-absorbing cladding is not more than 1  dB.

6.3.  Discussion of the results. To assess the effect of 
sound absorption, a 3 m high screen with a similar arrange­
ment of sound sources and design points is also calculated 
(Fig.  3). The results of calculating the increase in screen 
efficiency due to sound absorption are shown in Fig.  4.

The calculation results show that the maximum increase 
in screen efficiency is 2.5 dB, which is quite good coincides 
with the results shown in Fig.  3,  a. It is possible to con­
clude that the increase in screen efficiency due to sound 
absorption is almost independent of the height of the screen.

In addition, the field around the screen is calculated 
as the oncoming of sound sources to the screen (Fig.  5).

The results of the effect of the sound-absorbing clad­
ding of the screen on its effectiveness are shown in Fig. 6.
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Fig. 4. Increasing the screen efficiency due to sound absorption  
of the front side with a screen height of 3 m

As can be seen from Fig.  6, sound-absorbing cladding 
has increased screen efficiency by up to 5  dB. Moreover, 
such an increase is characteristic of the low (31.5 Hz) of the 
considered frequencies. This method is quite promising because 
it allows to increase the screen efficiency at low frequencies 
by almost half (Fig. 7) due to the sound-absorbing cladding.
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Fig. 6. Increasing the screen efficiency due to sound absorption  
of the front side with a screen height of 3 m and the ongoing of sound 

sources to the screen
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Fig. 7. Comparison of the effectiveness of acoustically rigid  

and sound-absorbing screens at low frequencies
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Fig. 5. The relative position of the approximate sources of noise, screen and design points
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According to the calculation results, it is possible to 
see that for points at a distance of more than 10  m, the 
efficiency of a sound-reflecting screen (α = 0) at a frequency 
of 31.5  Hz is 4  dB, and that of a sound-absorbing (α = 1) 
is more than 8  dB. For high frequencies, this difference 
is less characteristic.

7.  SWOT analysis of research results

Strengths. Studies have shown that the use of sound-ab­
sorbing cladding for noise screens can increase their effective­
ness. It is revealed that the closer the screen is located to the 
sound source, the greater the influence of its sound-absorbing 
properties. It is shown that for low frequencies the increase 
in screen efficiency due to sound absorption can reach 5 dB.

Weaknesses. The disadvantages of the study include the 
fact that at this stage only computer modeling of the sound 
field around the sound-absorbing screen is carried out.

Opportunities. In the future, it is necessary to pay atten­
tion to the analytical solution of the problem of finding the 
sound field around the impedance screen and conduct experi­
mental studies in natural conditions or on physical models.

Such studies will allow in practice to prove the need 
for sound absorption, as a factor in increasing the efficiency 
of screens without changing their geometric dimensions.

Threats. Separate attention should be paid to the issue 
of protecting sound-absorbing elements of the screen from 
atmospheric influences. Usually, PVC films are used to protect 
against atmospheric precipitation, however, it is known that 
the use of films leads to a decrease in the sound absorption 
coefficient, therefore this issue requires a separate study.

8.  Conclusions

1.	 As a result of the studies, it is found that the sound-
absorbing properties of noise screens significantly affect:

–	 screen resolution to reduce noise levels;
–	 ability to increase the efficiency of the screen due 
to sound absorption and is almost independent of the 
height of the screen;
–	 when the screen approaches the noise source, the 
sound absorption factor becomes more significant to 
increase the efficiency of the screen.
The creation of screens with high-visibility properties 

at low frequencies is a promising direction for increasing 
the overall effectiveness of noise screens.

2.	 The maximum possible value of increasing the effi­
ciency of the screen due to sound absorption is determined:

–	 for roads of international importance with a width of 
30 m for a screen with a height of 5 m, sound-absorbing 
cladding devices with a sound absorption coefficient of 
not less than 0.9  leads to an increase in efficiency by 
1.0  dB to 2.5  dB depending on the frequency;
–	 for local roads with a width of not more than 15 m, 
the maximum increase in the effectiveness of the noise 
protective screen is 5  dB.
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