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Abstract. This study analyzes the noise protection properties of the vertical 
acoustic shield in order to obtain comparative data on its efficiency. This is 
essential for reduction of the negative impact of traffic noise on the 
population, the environment and economic facilities, including energy 
facilities. 

1 Introduction 
In modern large cities, noise is a common environmental pollution, which negatively affects 

human health. Noise exposure causes irritation, absent-mindedness, affects the emotional and 

mental state of a person. Prolonged acoustic exposure can result in irreversible changes in 

the human body. Also, the impact of noise negatively affects the personnel, which in its turn 

cannot but affect the functioning of energy facilities. 

The negative impact of noise is a problem of a global nature. This is confirmed by the 

data presented in the report of the European Green Commission [1]: more than 20% of the 

EU population lives in areas with noise levels above 65 dBA, about 40% - from 55 to 65 

dBA. These values exceed the permissible limits [2], therefore, at present, noise protection 

of residential areas, which occupy 50-60% of the city’s territory, constitutes a pressing issue. 

Traffic flows are one of the main sources of noise in cities. Traffic noise accounts for up 

to 80% of all city noise entering residential premises and other places of human activity [3]. 

Transportation systems play a critical role in meeting people’s mobility and accessibility 

needs, so it is not possible to exclude traffic from our lives. This means that it is vital to 

develop and adopt organizational and administrative, architectural and planning, construction 

and acoustic and other measures to reduce the noise level produced by vehicles and to 

mitigate its impact on public health [4]. 

There exist various measures to protect residential areas from increased noise load [5]. 

They consist of a set of solutions allowing to ensure a comfortable stay of people in these 

areas. They include installation of sound-absorbing and noise-reflecting acoustic shields, 

construction of hollow roads, green spaces, traffic management [6,7]. With the right approach 

to the development of such measures, the acoustic safety of the area can be achieved. 
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A relatively inexpensive, but at the same time one of the effective means of protection 

against traffic noise is an acoustic shield. The installation of well-designed shields can either 

completely eliminate the problem of excess noise, or significantly facilitate the solution of 

this problem. Also, the installation of noise protection shields allows to use the areas, which 

without such a shield otherwise would be unsuitable due to exceeding the noise standards, 

for the construction of residential buildings. 

Currently, most scientists consider the installation of acoustic shields as the most effective 

measure against traffic noise [8-10]. But the shield will be effective only if all the features of 

the area where it is to be located are taken into account in the process of its development. It 

is necessary to develop the correct combination of materials and determine the size of the 

shield with due regard to the peculiarities of the area. In view of the foregoing, it is advisable 

to analyze the noise protection properties of the most commonly used type of shield, the 

vertical shield, when changing various parameters. Knowledge about the efficiency of the 

shield will help to simplify and speed up the development process and improve the noise 

protection of the selected area. 

2 Methods and materials 
In this study, the key role is dedicated to the problem of determining the efficiency of the 

vertical noise shield when changing the specified conditions. 

In order to gain insight into the problem and study it in detail, it is necessary to apply a 

number of scientific research methods, with the help of which it seems possible to achieve 

the set goal. 

In the process of work the following activities were carried out: analysis of literature, 

calculation of efficiency, comparative analysis of the results. 

On the basis of the comparative analysis, the corresponding conclusions about the 

efficiency were made. 

3 Results 
There exist a lot of methods for determining the efficiency of a shield. Having studied the 

research materials devoted to the issue of determining a more accurate method, the Maekawa 

method was chosen for the calculations, the inaccuracy of which does not exceed 3 dB [4, 

11, 12, 13, 14]. 

The shield efficiency ΔLscr is calculated by the Maekawa formula (1) using the Fresnel 

number: 

△Lsh=20 log
√2π|N|

th√2π|N|
+5 ,        (1) 

where N=2δ/λ – the Fresnel number; 
δ=a+b-c – the path-length difference of sound beams (Fig. 1); 

 

a=√l
2
+(Hsh-Hns)2 - the shortest distance between the acoustic center of the noise source - a 

car, in our case, and the top edge of the shield; 
b=√m2+(Hsh-Hns)2- the shortest distance between the reference point and the top edge of the 
shield; 
c=√(l+m)2+(Hsh-Hns)2 - the shortest distance between the acoustic center of the noise source 
and the reference point; 
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Hrp =1,5m, Hsh=1m, m=20m – will not change when calculating the efficiency value ΔLscr, 

dB at the reference point depending on the height of the shield and the distance to the noise 
source (Table 1); 
Hrp =1,5m, Hsh=1m, l=5m - will not change when calculating the efficiency value ΔLscr, dB 

at the reference point, depending on its distance (Table 2). 
λ=с/f= 331/500=0,662 m – wavelength [15]. 

 

Fig. 1. Schematic representation of the location of NS, AS, RP. 

The calculation results are presented in the tables (Table 1, Table 2): 

Table 1. The efficiency values of the vertical acoustic shield at the reference point depending on the 

height of the shield and the distance to the noise source. 

 

1. The higher the shield is, the more efficiency it has at any distance from the noise source. 

2. The shield efficiency decreases with a greater distance from the noise source. 

3. The acoustic shield should be positioned as close as possible to the noise source. 

Table 2. The efficiency values of the vertical acoustic shield at the reference point depending on the 

height of the shield and the distance to the reference point. 

 

The obtained results show that the efficiency of the shield decreases when the reference 

point is moved away and does not change when a certain distance is reached. This distance 

is the one at which residential buildings can start to be located. 

 

Shield height Нscr, m 
Efficiency value ΔLscr, dB 

Distance from the  shield to the noise source l, m 
5 8 10 15 

2 8,9 7,8 7,3 6,7 
2,5 11,6 10,1 9,4 8,5 
3 13,8 12,2 11,4 10,3 
4 17,1 15,5 14,7 13,5 

Shield height Нscr, m 
Efficiency value ΔLscr, dB 

Distance from the  shield to the  reference point m, m 
10 20 30 40 

2 9 8,9 8,9 8,9 
2,5 11,8 11,6 11,5 11,5 
3 14,1 13,8 13,8 13,8 
4 17,5 17,1 17,1 17 
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4 Discussions and conclusions 
Reducing noise from vehicles near residential buildings is an important task and the obtained 

results can assist in solving it. 

With the help of various methods of scientific research the following has been established: 

1. Dependence of the vertical acoustic shield efficiency at the reference point on the 

height of the shield and the distance to the noise source. 

2. Dependence of the vertical acoustic shield efficiency at the reference point on the 

height of the shield and the distance to the reference point. 

Similar calculations can be made for any specified parameters, thereby determining other 

characteristics, for example, the zone of greatest noise, the required shield height, etc. 

The practical value of the research results lies in the possibility of their application into 

practice and for further improvement of acoustic shields. 
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