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Introduction

In recent years many men building projects have been granted plannng

permission on condition that the noise level arising from their use does not

exceed a certain value measured at the site boundary. The problem facing the

designer in meeting these conditions is that there is at present no reliable

method of predictine the noise levels radiated from a building from a

knowledge of its construction, orientation or the sound power generated by

internal sources.

A complete building is a very complex unit and one approach is to assume that

the major proportion of sound radiated from it escapes via such acoustically

weak elements as doors and windows. Parkin and Humphreys (1) give the

following expression for the noise level at a distance metres from an

acoustically weak partition set into a massive wall.
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where Ll is the average level inside the building, L1 is the level at a

.distance 1‘ metres from the partition and along the normal to the partition,

R is the sound reduction index of the partition and S is its area.

Parkin and Humphrcys state that once one moves away from the normal it is

impossible to calculate the external noise level.

In this paper the results of some preliminary studies of sound radiation from

buildings using the techniques of acoustic scale modelling and computer

simulation are reported. These studies were restricted to the action of an

acoustically teak element in a wall. The initial approach was to examine the

radiation pattern from an aperture and then to investigate how this was

modified following the blocking of this aperture with a material of lower

sclmd reduction index than the rest of the structure.

Radiation from an aperture

A computer model was developed to predict the radiation pattern of sound from

a large aperture. Equation 1 is derived from classical reverberant field

theory hence it was decided to approach the problem from this point of View.

The Classical ray approach starts with the assumption of a uniform diffuse

sound field in an enclosure. A volume element is established in this field

and is treated as a pseudo-point source. In order to calculate the energy

per unit area per unit time arriving at a point on the walls of the enclosure

the Volume element is extended to become first an elemental ring and then a
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head-spherical shell (Fig. 1). For this situation an analytical solution is
possible.

A variation on this theme was used to calculate the radiation pattern of sound
from an aperture in one of the walls of an enclosure. A number of small
volume elements, each a distance 'v‘ metres from the exterior receiving point,
were established in the reverberant space (Fig. 2). For elements in the
"bright" and "transition" zones (in direct line of sight to the receiving
point) these were merely situated on an arc of radius r centred at the
receiving point. In the "shadow" zones the elements were on an arc of radius

1' minus the distance from the diffracting edge to the receiving point centred
on the diffracting edge. Although figure 2 shows a two—dimensional represent—
ation of the model this is merely for clarity and the three-dimensional nature
of the situation was fully considered in the computer model.

To calculate the level at the receiving point each volume element was treated
as an Jami-directional point source. The intensity due to an element in the
bright zone was calculated using the inverse square law as

AI - avg/Inn‘s (2)

where A: is the intensity at a distance ‘r metres from the volume element,
AV, d is the thichess of this element, c is the velocity of sound and ED
is the energy density of sound in the endosure.

The intensity at the receiving point due to elements in the "transition" and
"shadow" zones is affected by diffraction at the aperture boundaries. The
rigorous theoretical treatment of the diffraction of a reverbemnt sound field
by a large aperture is very complex. A much simpler approach was used in thiswork. The assumption was made that, provided the elemental volumes were notpositioned too far into the room ( < 0.5m), most of them would "see" a simple
linear barrier. Diffraction by such a barrier has been the subject of
considerable research (2) and many formulae are available for predicting their
effect on sound from a point source. One such formla, due to Delany (3) was
used in this work. '

The intensity of sound at the receiving point due to an element in a
"transition" or "shadow" zone is given by

fin v‘ at (5 )
where att - the attenuation factor calculated using Delany's equation.

 

AI = AVfac.a£

The total intensity at the receiving point is thus given by

I- = [La/4w? *'[ .3 Av. {EA-w; +1?wa (4)
1-!
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where the subscripts i, j and k refer to elements in the "bright", "transition"
and "shadow" zones respectively and the total number of elements in each of
these :ones is I, J and K.

Comparisons were made between the predictions of the computer model and
measurements made on an 1:10 scale model. The agreement between the two sets
of data was found to be good. Figure 3 shows a typical set of results.

The computer model was then used to examine the effect of systematically
varying the aperture size, distance of the receiver from the aperture and
frequency of sound. From this study the following general conclusions were
drawn:-

a) For practical sizes of aperture the most significant factors in determinin
the radiation pattern are width of aperture and frequency of sound (Fig. 4 .

b) For all practical purposes the radiation pattern from a given aperture at a
given frequency in the far field is independant of the distance to the
receiver (Fig. 5).

Radiation from a Window

The next step was to examine the effect of closing the aperture with a material
of low sound reduction index. This approximates to the situation encountered
in practice with a glazed window hence in the following discussion the terms
window and glazing will be employed to describe the dossd aperture and
material employed respectively.

The transmission loss of a limp panel is given by - a

71.9 -/a(.5[/+/me9/1f.<)_] AB (5')
wk”: 9= angle Fa now-uni, w. AAJA(N {figuealg of had,"-
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From equation 5 it is apparent that the material used to glaze a window will
have directional properties. The first approach used in this work was to
investigate whether the directional properties of the aperture and glazing
material could be combined in a simple manner.

The amount by which the transmission loss at a given angle and frequency to
the normal decreased relative to the transmission loss at the normal was
subtracted from the attenuation relative to the normal observed for an
aperture at the same angle and frequency. A comparison of the radiation
pattern predicted in this way with experimental measurements is shown in
Figure 6. It can be seen that this simple technique does not predict the
radiation pattern when the aperture is glazed. The effect of the glazing
is quite pronounced and tends to make the radiation pattern from the aperture
more hem-spherical than in its absence.

Conclusion

The simple technique described in this paper can be used to predict the
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radiation pattern cf sound from a large aperture in an enclosure containing a

reverberant sound field. The technique breaks down, however, once the

aperture is glazed. Adoption of a new technique, perhaps based upon the

method of de \Tries and Hofschrcuder (4), is necessary for this situation.
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