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Introduction

This paper describes a technique for the prediction of sound attenuation
afforded by an arbitrarily shaped screen of finite dimensions. In order to )
illustrate effectively this technigque, a basic model is assumed which comprises
a two dimensiocnal barrier placed between a monotonic peint source of sound
radiating spherical waves and the monitoring position at which the sound
pressure level (SPL) predictions are to be made. Further, this ocnfiquration is
assumed to be constructed in free field surroundings, so that minimal considera-
ticns are given to calculations which are extranecus to the essential purpose of
the work. ‘The basic model may of course be extended to simulate more realistic
surroundings (for example reverberant conditions, by invoking the method of
images, and random sources of noise, by extending the fregquency analysis).

The paper therefore concentrates on the edge diffracted wave field and the
analysis is based on a Fresnel-Kirchhoff diffraction integral which is a
surface integral over the area of the screen. The technique employed is to
subdivide the surface of the barrier into a number of rectangular elements and
the diffraction integral is solved separately on gach element.

Theoretical studies in published work have been approximate and also restricted
to rectangularly shaped barriers. (1 to 3} This paper presents a rigourcus
theoretical approach to the calculation of attenuation of sound due to finite
barriers. The theory leads to final explicit expressions for the sound
attenuation due to the screen. A computer program has been developed which
performs the numerical caleulations on input of the parameters relating to the
configurations of source, barrier and monitoring position. viz frequency and
position of source, position of receiver, the SPL at unit distance from the
source, and the dimensions and positions of each element in a subdivision of
the barrier.

Formulation of the SPL equations at a Monitoring Position

It will be neécessary to determine both the SPL at the monitoring position P
Wwith the barrier removed and the SPL reduction, or attenuation, due to the
insertion of the barrier between the source 5 and the monitoring position P.

Since the point source is assumed to operate at monotonic frequency and the
surroundings are free field, the complex disturbance at the point P with the
barrier omitted is given by the spherical wave egquation (4) in the form:

iksSp
_ Ae
Ugor ®) = B (1
Where UypggiP) is the disturbance at P in the free field
SP is the distance from S to P, % = 21/} where
A is the wave length, and A is the amplitude at unit distance froms
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FI¢ 1 DIFFRACTION AROUND THE EDGE OF THE BARRIER AND THE CC-ORDINATE SYSTEM OxyzZ

.A Cartesian co-ordinate system is chesen with Oxy defining the plane of the
tarrier see figure 1. With the barrier in position, the disturbance at P will
be due to any sound received directly from S in addition to that due to diffrac-
tion round the edge of the barrier. Let B be the region in the x-y plane
occcupied by the barrier. ‘Then, by Babinet's principle (5), the complex
disturbance UR(P) at P in the presnece of the barrier is given by:

U P}y = UWOB(?] - U (F) 2)
where Uyop(P} is given by equation (1}, and Ug(P} represents the Fresnel-Kirchhoff
diffraction equation (B} given by the fellowing
ik {.+m)
Uy (P) = j’f {cos (n,t) - cos(n,m)]ds (3
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where 1 and m are the distances from S and P respectivelw
Q on B (Fig 1) and {n,:) and (n,m) are the angles made ov » e normal
to the plane at Q. In view of equation {l) it remains to ion {3) in
order to determine UgiP). However, the integral is not innediztely apriicable
to the region B due to conditions imposed on thke dimensions of the area of
integration {&). This problem is owvercome by subdividing the re¢ion B iato
smaller elemental regioms Ry, Ry, . . . Ry the areas of which de allow the
application of the diffraction eguation see figure I.
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FIG 2 SUBDIVISION OF THE REGION B INTO ELEMENTAL RECTANGULAR REGIONS
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Equation (3) may be written as:

U-. (P} = ﬂ-E (n,L,} - cosini, ) et Byt (a1
&9 = T cos(n, Ly os (n 4, 3L
-1k (Ly+M3) .
where 1. =% =7 ok ) ag {5)
3 4 ‘R

]
and L , M, (n,L ) and (n,M ) are defined in (7)

Now SPLWOB(P) at P with the barrier removed is derived from eguation (1) and is
given by

e
= §PL_ - 2
SPL B(P] s Ll 10 log 5P ]

where SPL] is the SPL at 1 m from 5 in free space and the attenuation EPLgpgp(P)
due to inserting the barrier between 5 and P is given by:

= - 5P 7
spLREDtP) SPLWOE(P) ] LB(P) 7)
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where SPLg(P) is the SPL monitored at P with the barrler in position. SPLg(P) is
derived from Ug(P). This enabled a computer program Lo be written which
calculated SPLyop(SPLg(P) and SPLpap (P} for any given configuration with the
basic parameters as input data.

Summary

A theoretical investigation into noise reduction due to an arbitrarily shaped
finite barrier in free space using rigourous diffraction theory has been carried
out. The method used the technique of subdividing the barrier inte elefiental
regions to enable a solution of the Fresnel=-Kirchhoff integral. The final
expressions for the SPL and attenuaticn at the monitoring position are given in
terms of the basic parameters of the configuration of source, barrier and
monitoring position. These parameters were used as input data for a computer
program for the SPL calculations. The method is suitable for extension inte
more generalized surroundings other than the free field.
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