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1. INTRODUCTION

To estimate the efficiency of noise barriers of complex geometries, numerical
methods like the boundary element method (BEM) are well adapted. So Seznec
{1] and Hothersall [2] [3] presented numerical results for two-dimensional diffrac-
tion problems with sound pressures created by coherent line sources. However
more interesting results would be provided by the solution of the real three-
dimensional problem like the pressures created by point sources or incoherent
line sources which are known to be a good description of a road traffic noise.

The 3D sound pressure can also be obtained by the BEM but the problem
to be solved becomes rapidly very large. To avoid such difficulties, we pro-
pose here a method using a series of solutions of simpler 2D problems in the
frequency domain, both for real and complex frequencies. Then we show that
a mathematical transformation will give us the 3D pressure from the 2D re-
sults obtained by the BEM. This can then be used to estimate the attenuation
provided by noise barriers especially in the case of an incoherent line source.

2. 2D TO 3D TRANSFORMATION

We suppose that the barrier has a constant cross-section as the example
presented in figure 1 and that it is infinite in length. The sound pressure is
created by a source at point r, in the fluid domain and we are interested in
stationary solutions with the time behavior e=®*. To calculate the pressure
around the barrier we must solve the three-dimensional problem
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where {13 is the exterior 3D domain outside the barrier with boundary 8;.
The sound pressures pin. and py; are respectively the incident and diffracted
fields. The ground and the barrier are supposed rigid. The last relation is the
radiation condition for outgoing waves at infinity.

To avoid to sclve the complete 3D problem we start from the following
relation (Gradshteyn [4], formula 6.616)
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where 0 < arg{vk? —o?) < 7 and r = /22 + 47 > 0 is the radial distance in
the (z,y) plane between the observation point and the source. The function
LHo(rvk?* — a?) is in fact the sound pressure of a line source. We then define
a series of 2D problems depending on a complex parameter u.
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2, is the 2D fluid domain outside & cross-section of the barrier and 8, its
boundary. Now the solution of the 3D problem (1) can be recovered from the
solutions of the previous 2D problems (3) by (for more details see Duhamel [5])
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3. APPLICATIONS TO NOISE BARRIERS
We define the excess attenuation by

At = 201og o |';’;"°“{) (5)

This formula can be used directly for point sources or coherent line sources
for which [pjree] = 75 oF |preel = }|Ho(kr)| respectively. The 3D solution
allows to make calculations for incoherent line sources parallel to the barrier.
An incoherent line source is modelised as decorrelated three-dimensional point
sources located on a straight line parallel to the z axis. The amplitude u(z)
has the cross correlation function

E(u()u*(z +u)) = vé(u) (6)

where v > 0. In the presence of a wall, the pressure created at point x =
(z,¥,0) by a unit source located in the plane z = z5 is
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For a line source with the amplitude pu{z) we get

+o0
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The expectation of the density of acoustic potential energy is thus
1 +00 2 I +oo
w = o [ 1Pz = 225 [ laley VEE= a)fda - (9)
" using the Parseval’s relation for the last equality. The attenuation provided by
the barrier is then given by Coall
) (10)

At = 10 ]og,of

We will now use the previous results to compare the efficiency of noise barriers
of different shapes. So the attenuations for the cross-sections of pictures 2 and
4 are calculated with a sound source at 50cm above the ground and 1.9m on
the right of the wall at point (2,0.5). This source can be a point source, a
coherent or an inccherent line source. The observation point is 2m behind the
wall and 50cm above the ground at point (—2,0.5). The two points are on the
same cross-section (same z). The origin is at point Q.

The figures 3 and 5 show that a point source and a coherent line source
give almost the same result. The attenunation is a complex curve especially for
the case B because of interferences between the waves diffracted by the barrier
and reflected on the ground. An incoherent line source gives, on the contrary,
an attenuation increasing with the frequency and a much lower average value.
There is no interference phenomenon in this case. So the attenuation seems to
be less dependent on a particular choice for the frequency or the position. This
could provide a better estimate of the efficiency of the wall. Figure 6 compares
the attenuations for an incoherent line source in the cases A and B.

4, CONCLUSION
The proposed method allows an efficient determination of excess attenua-
tions of noise barriers of constant cross-sections. We only have to solve two-
dimensional problems for real and imaginary frequencies for instance by the
BEM with a very simple one-dimensional mesh. We can get the pressure for
a point source and for an incoherent line source. Comparisons can be made
between different geometries in this interesting practical cace.
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Fig. 3: Excess attenuation. Case A. Fig. 6: Comparison of attenuations for an in-

coherent line source.
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