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Influence of the ground on the sound screen
efficiency
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Abstract. Characteristic features of evaluating the acoustic efficiency of
sound screen on the ground were considered. To simplify the analysis, noise
source and control point were located symmetrically on both sides of the
screen. Their position was determined by the angle o and by the effective
screen height. Influence of the o on the efficiency of a semi-infinite screen,
and then on a decrease in this efficiency in the presence of the ground was
analyzed.

1 Introduction

Automobile traffic appears to be the main source of noise in urban environment. It is possible
to reduce the effect of this noise in residential areas either by improving acoustic
characteristics of primarily the vehicles, which is a very difficult task [1-3], or by installing
noise-protective screens along the roads. Structurally, noise-protective screens differ in shape
and materials used in their production. A fairly large number of publications both in our
country and abroad were devoted to studying the noise-protective screens, both theoretically
and experimentally [4-20]. Acoustic screen theoretical consideration is based on using the
optical diffraction theory. However, this theory is very complicated and could be used only
with a number of assumptions.

In practice, calculation of the acoustic screen efficiency is carried out using the Maekawa
formula [4-6], which is the result of approximating the experimental data. Fresnel number is
the basis of this formula, which, in addition to the sound wave length, also takes into account
the difference in the path of sound rays in the acoustic screen presence and absence. This
approach to calculation is attractable by its simplicity, but has certain limitations, since it is
valid only for a semi-infinite absolutely rigid screen. Therefore, it is unable to take into
account the ground surface, on which the screen is placed. Of course, characteristics both of
the ground and of the screen material could not be taken into account in this situation. Taking
these factors into consideration in calculating with analytical methods is rather difficult;
therefore, very often the effect on this surface on the result obtained is neglected in technical
acoustics. Though much attention is being paid to these issues [7-19], numerical calculations
would remain the main tool in the near future [20]. This paper is using a simple analytical
model to consider an screen located on the ground surface in order to study the influence of
this surface on the screen efficiency.
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2 Semi-infinite screen

In the absence of the ground, the acoustic efficiency of the screen AL, dB, will depend on the
Fresnel number N=28/), where § is the so-called path difference, showing how much the

path travelled by the sound beam from the point source of sound to the calculated point
through the top edge of the screen differs from the direct distance between the source and the
calculation point; A is the sound wavelength. For N > 1, the AL value is determined by the
Maekawa formula:

AL=10Ig(20N) )
Let us represent the formula (1) in the form of two components:
AL =10lg (408)+101g(1/k) =AL;+AL,. o)

The first of the components in (2) is determined only by the path difference, and the
second - by the sound wave length. Since in this paper we are primarily interested in the
influence of the mutual position of the noise source and the control point relative to the
screen, in the future we will consider only the first component of the screen efficiency AL; .

The Maekawa formula determines the semi-infinite screen effectiveness and is
surprisingly simple. It determines the problem geometry by only one parameter, i.e. the path
difference. On the other hand, this parameter is not uniquely connected to specific location
of the sound source and the control point relative to the screen. In order to make the screen
acoustic efficiency analysis more tied to specific coordinates of the sound source and the
control point, let us consider for simplicity that these points are located symmetrically relative
to the screen.

At the first stage, let us consider such an approach as applied to a semi-infinite screen,
which is shown in Figure 1.
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Fig. 1. Diagram of the semi-infinite screen.

In such a design diagram, the noise source and control point coordinates are set by the
angle a and the effective screen height he. Path difference for such a model is:
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8, =2a,—c,. (©)
Given that:
a,=h,/sina; ¢, =2h,/tga, @
the following is obtained:
8, =2h,tg(a/2). ©)
At a—>0tg(a/2) >0ud —0.

At a—90° tg(0/2) >1ud, —2h,.

Thus, the following is obtained:
AL, =10lg [80/’18129( (1/2)]. ©)

Figure 2 presents characteristics of a semi-infinite screen, which show that with an
increase in the o, the d; smoothly increases in accordance with the tangential dependence
and at a — 90° reaches the 24, value. As expected, the AL, also increases with the growing
o and 4. As graphs in Figure 2a demonstrate, when the 4. is doubled, the AL;, value increases

by 3 dB, which directly follows from formula (6). In addition, it follows from the graphs that
when the o angle is altered from 15° to 90°, the AL, value increases by 9 dB. In addition, in

the considered region of variation /., the screen efficiency varies from 10 dB to 28 dB.
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Fig. 2. Dependence of the path difference (a) and efficiency (b) for a semi-infinite screen on the
system parameters: (—) -he=1m; (.....)-he=2m; (---)-he=4m; (---) -he =8 m.

3 Ground located in front or behind the screen

Let us now consider the case, when the ground is positioned surface in front of the screen
(Figure 3). It should be noted that another calculation parameter hg appears in this model and
determines the height of the noise source position over the ground. Presence of the ground
leads to the sound propagation second path directed to the to the calculation point; sound
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from the noise source first falls on the ground, then is reflected from it, and being diffracted
at the screen upper edge finally reaches the calculation point. Formally interpreting this
situation, it could be assumed that noise from two sources now comes to the calculation point.
Source S is added to source ;.
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Fig. 3. Diagram with ground surface in front of the screen.

As follows from the diagram, path difference for the second source is:

3, =a,—a,—¢,. @)

where:

a, =\[(c,/2)" +(h, +2h,); ®

¢, =l +(2h,)°. ©

In view of (4), expressions (8) and (9) are reduced to the following forms:

a, = h,\[(4/tga) +(1+2h,)?; 10)

C, = 2}181/(1/'[9002 +hge2 , an

where h,=h, / h, .

Thus, screen efficiency for the second source is:
AL, :1OIg(4082/R,), (12)

where R; is the sound reflection coefficient from the ground surface (for the rigid surface
R]. = 1)
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For comparison, Figure 4 presents characteristics of the path difference and the efficiency
for a semi-infinite screen with 4, = 6 m and for a screen of the same effective height with a
ground surface in front of it (source S»). As could be seen (Figure 4a) path difference remains
constant at the boundaries of the interval variation o [0; 90°]; however, the nature of the
dependencies for different he changes within this interval. If for a semi-infinite screen this
dependence is described by a concave curve, in the presence of a ground the corresponding
curves become convex, and the higher is the hge parameter value, the more convex the curve
becomes.

Further, as can be seen in Figure 4b, the value of screen efficiency for sources S and S
remains unchanged at a = 90°. However, at lower values of o, the efficiency of sound
screening of the source S, becomes higher than that of the source S, and the higher the value
of the parameter hge, the greater this difference becomes.
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Fig. 4. Dependence of the path difference (a) and of the efficiency (b) on the system parameters for a
semi-infinite screen with he = 6 m (—) and in the presence of ground surface in front of the screen
with the same /cand hge = 1/2 (.....) and hge = 1/4 (- - -).

Let us now determine the screen total efficiency for this model. Let us denote the sound
presser level at the control point in the absence of a screen as L. Obviously, if a screen is
installed, sound presser levels at the control point from sources S; and S, are determined
respectively by the following expressions:

Lpl =Lp0 —ALl and Lp2 =Lp0 _ALZ' 13)

Let us assume in subsequent calculations that the primary S and the secondary S» sources
are uncorrelated. As in practice, the noise, as a rule, is of random and not of harmonic
character, this assumption could be considered rightful. On this basis further on, it is possible
to use the rule of logarithmic reduction in the sound pressure levels. In accordance with this,
sound pressure level in the control point is determined by the following formula:

L,y =10log[10%7 +10°7 = 1, +10l0g[1+10" 2] a4

or
Lys =L,y —10Ig(L/A) — ALy +10log| 1+10%H84e) | (1)

Screen efficiency in (15) is determined by the last three terms. If we restricted to the terms
associated with the path difference, the following is obtained:

https://doi.org/10.1051/matecconf/202032000011
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ALyy = ALy ~10log| 1+10% o 8s2) |, a6

Since in (16) expression under the logarithm is always greater than 1, and that means the
logarithm itself takes only positive values, then, as expected, a ground surface positioned in
front of the screen leads to reducing its acoustic efficiency in comparison with the infinite
screen efficiency.

Figure 5a presents for comparison graphical dependences of the total screen efficiency in
the absence and presence of a ground surface in front of the screen on the system parameters.
It follows from these graphs that taking into account reflection from the ground significantly
reduces the total screen efficiency of the screen and this decrease could reach 3 dB at large
values of a. efficiency of the screen; therefor, this decrease could reach 3 dB at high a.
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Fig. 5. Efficiency of a screen exposed to two sources at e = 6 m, hge = 1/2 (.....) and hge = 1/4 (- - -)
with the semi-infinite screen efficiency (—).

Let us now consider the case, when the ground surface is located behind a screen
(Figure 6). Ground installed leads to the fact that there appears another sound propagation
path to the control point, i.e. the sound from the source S; diffracts at the screen upper edge,
falls on the ground, and then is reflected from it getting to the control point. Formally
interpreting this situation, we can assume that noise from two sources now reaches the
calculation point. Source S5 is added to source S.

Fig. 6. Diagram with ground behind the screen.
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For the source S5, the path difference is:
S,=a,+a,—c, =9, an

It follows that for the source S3 screen efficiency is the same as for the source S»:
ALy = ALg,. (18)

Considering the case, when the sound simultaneously from three sources Si, >, and S3
gets to the control point, and taking into account (18) we obtain by analogy with (16), the
following formula for the total screen efficiency:

ALy = ALy, —10log [l—i— 2 ~100’1(AL5’7AL52)J. (19)

In this case, the same graphical dependences could be received as in Figure 5, with the
difference that the efficiency curve is located lower by about 1.5 dB.

4 Screen on the ground

Let us now consider a practically important case, when the screen is positioned on the ground
surface (Figure 7). In this case, the sound will reach the control point in one more way, when
it falls on the ground from the source S|, reflects from it and diffracts at the upper edge of the
screen, after which it falls back onto the ground and, finally, again reflected from it, reaches
the control point. Formally interpreting this situation, it could be assumed that such a path is
provided by another source, i.e. Ss4. Thus, there are already four sources of sound, one real S
and three virtual (S,, S3, S4) in the model under consideration.
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Fig. 7. Diagram of a screen on the ground.
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As follows from the diagram, the path difference for source S
8, =2a,-¢ 0)
Then, screen efficiency for the fourth source is:

AL, :10Ig(4064/R,2). @n

Figure 8 presents for comparison characteristics of the path difference and of the acoustic
efficiency of a semi-infinite screen (source S1) and a screen on the ground for the source Sj.
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Fig. 8. Dependence of the path difference (a) and screen efficiency (b) on the system parameters for a
semi-infinite screen with he = 6 m (—) and for a screen on the ground with z.=2 m and /Ag.=1 (....)
and hge=1/4 (- - -)..

As follows from Figure 8a, path difference for source S4 substantially depends on the hge
and grows significantly with increase of a. In general, path difference 84 is much larger for
the same effective screen height he than the path difference 8;. Since for the angle a. = 900,
the path differences are 84 = 2h.(1 + 2hg.) and &; = 2A., so with kg, =1, we get 84 = 331.

Figure 8b presents dependences of the screen efficiency for sources S; and S4, which also
show that, in general, suppression of noise from the fourth source is more significant than
from the first source with the equal effective screen height of he. In addition, screen efficiency
for source Ss grows significantly with increasing values of the h,. parameter.

Let's now determine the overall efficiency of a screen placed on the ground. To do this,
we need to consider the case, when sound from four noise sources Si, S2, S3 and S
simultaneously arrive at the control point. Taking into account (21) and by analogy with (16)
and (19), we obtain the following formula for the total screen efficiency:

ALy = ALy —10log [l+ 2.100UALy ~ALy; +201gRy) | 1 )OL(ALy ~ALy +101g Ry) J @

Note that formula (22) is written taking into account the Ri reflection coefficient from the
ground, while the above formulas and results were obtained for a rigid ground with R;=1.

Figure 9 presents comparison of efficiencies of screen on the ground and of the semi-
infinite screen with the /4. = 6 m, which shows that presence of a ground reduces the screen
efficiency compared to the semi-infinite screen, and this decrease at high o values and A, =
1/4 reaches almost 6 dB. With an increase in the relative height hge, the screen efficiency
becomes somewhat lower, especially at low values of a.
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Fig. 9. Comparison of the screen
efficiencies with #.= 6 m located on the
ground with hge =1 (.....), hge = 1/4 (- -),
K =1, and a semi-infinite screen (—).
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Fig. 10. Comparison of the screen
efficiencies with 4. = 3 m located on the
ground with /g =1/4, K=0.5 (.....), K=1
(- -) and a semi-infinite screen (——).

Figure 10 presents comparison of efficiencies of a screen on the ground and a semi-
infinite screen with the same 4. = 3 m, which shows that a decrease in the R;reflection
coefficient of the ground, as expected, increases the efficiency of a screen on the ground. At
the same time, comparison of the results in Figure 9 and Figure 10 demonstrates that, the
decrease in screen efficiency due to presence of the ground does not depend on the effective

screen height.

5 Conclusion

Studies conducted made it possible to draw the following conclusions.

1. To simplify analysis of the acoustic screen efficiency without losing its generality, it is
advisable to consider symmetrical location of the sound source and of the control point
relative to the screen. In this case, their position is determined by the effective height of the

screen he and the angle a.

2. To assess dependence of the screen efficiency on the system parameters, it is advisable
to introduce into consideration the efficiency component AL related to the path difference 9,

thus abstracting from the sound frequency.

3. Ground surface is able to significantly reduce the screen acoustic efficiency.

4. Magnitude of the screen efficiency decrease on a rigid ground could reach almost 6 dB.
This magnitude does not depend on the screen effective height, but it could be reduced by

decreasing the ground reflection coefficient.
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