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A B S T R A C T 

The International Standard ISO 140-5 on field measurements of airborne sound insulation of facades 
establishes that the directivity of the measurement loudspeaker should be such that the variation in 
the local direct sound pressure level (ASPL) on the sample is ASPL< 5 dB (or ASPL< 10 dB for large 
facades). This condition is usually not very easy to accomplish nor is it easy to verify whether the loud
speaker produces such a uniform level. Direct sound pressure levels on the ISO standard facade essen
tially depend on the distance and directivity of the loudspeaker used. This paper presents a 
comprehensive analysis of the test geometry for measuring sound insulation and explains how the loud
speaker directivity, combined with distance, affects the acoustic level distribution on the facade. 

The first sections of the paper are focused on analysing the measurement geometry and its influence on 
the direct acoustic level variations on the facade. The most favourable and least favourable positions to 
minimise these direct acoustic level differences are found, and the angles covered by the facade in the 
reference system of the loudspeaker are also determined. Then, the maximum dimensions of the facade 
that meet the conditions of the ISO 140-5 standard are obtained for the ideal omnidirectional sound 
source and the piston radiating in an infinite baffle, which is chosen as the typical radiation pattern 
for loudspeakers. 

Finally, a complete study of the behaviour of different loudspeaker radiation models (such as those usu
ally utilised in the ISO 140-5 measurements) is performed, comparing their radiation maps on the facade 
for searching their maximum dimensions and the most appropriate radiation configurations. 

1. Introduction - The global loudspeaker method: the outside acoustic level is 
measured at a single point with a microphone placed at 2 m 
from the centre of the facade (distance loudspeaker-facade cen
tre at least 7 m). 

This paper discusses and analyses the requirements of the Inter
national Standard ISO 140-5 [1-3] with respect to the characteris
tics of the emitter loudspeaker and its relation to the measurement 
geometry, as described in this standard. The standard ISO 140-5: 
1998 in Part 5, that is: "Field measurements of airborne sound 
insulation of facade elements and facades", describes various 
methods for measuring airborne noise insulation of whole facades 
(global methods) and facade elements, such as a window (element 
methods); the methods that are particularly interesting in this pa
per are those using a loudspeaker as a noise source, as follows: 

- The element loudspeaker method: the acoustic level on the 
outer facade is measured by averaging different positions of a 
microphone placed flush with the facade. The distance from 
the loudspeaker to the surface centre must be at least 5 m. 

This text uses the term "facade" to refer both to the whole 
facade and the facade element because this difference is not sub
stantial for the measurement geometry analysed here and the con
clusions can be applied to both the global and the element method, 
whenever loudspeakers are the sound source. 

Section 4.2 of the ISO standard outlines the requirements to be 
met in terms of loudspeaker directivity, which will receive special 
attention in this paper. Specifically, the loudspeaker should ensure 
that the local differences of sound pressure levels (ASPLs) on the 
facade in all frequency bands of interest are less than ASPL = 5 dB, 
measured in free field on a surface that is the same size and orien
tation as the wall or element to be tested. If the loudspeaker meth
od is implemented with large area samples (e.g., exceeding 5 m), 
differences of up ASPL = 10 dB can be accepted. This requirement 
specifies the uniformity level conditions that must be ensured on 



the facade under study, not necessarily in the test moment, but un
der ideal free acoustic field conditions, either in a separate mea
surement or in a simulation (as is proposed in the paper), 
because the free field restriction will not normally be met by the 
facade in its typical arrangement. 

Additionally, point 5.3 of the standard refers to the "generation 
of sound field", proposing that at least the third octave bands with 
centre frequency bands from 100 Hz to 3150 Hz be used (prefera
bly from 50 Hz to 5000 Hz). Eventually, the loudspeaker position 
and aim are stated, which are characteristics to be discussed in de
tail below. 

In practice, the uniformity level condition on the facade de
pends on the loudspeaker directivity and position and the dimen
sions of the facade, but this uniformity condition is difficult to 
estimate a priori. Some laboratories measure the sound field gen
erated on an imaginary surface of the same dimensions as the fac
ade being tested, either situated in an anechoic room or in an 
outside location, assuming high acoustic absorption of the ground, 
which is always present. Neither of these measurement procedures 
is ideal. The anechoic room is usually too small for realistic facade 
sizes, and the outside ground is not as absorbent as required. If the 
measurement geometry of the test according to ISO 140-5 and the 
loudspeaker directivity are known, then the distribution of direct 
acoustic levels on any surface as set by the standard can be 
realised. This paper presents a comprehensive analysis of the test 
geometry in agreement with the ISO 140-5 standard, and this 
analysis is combined with the radiation patterns of several 
models of loudspeakers typically used in such sound insulation 
measurements. 

Chapter two discusses the test geometry, and in chapter three, 
the previous results are related to the theoretical directivity func
tion of a piston. In chapter four, direct acoustic level simulations 
are performed on various facade specimens and with different 
sound source models, and finally, chapter five is devoted to the 
conclusions. 

2. Influence of measurement geometry and loudspeaker 
position on acoustic level differences 

According to ISO 140-5, the loudspeaker should be placed far 
enough from the facade to minimise the variation of sound pres
sure levels on the test sample. Although the sound source is pref
erably placed on the floor, alternatively, it can be located as high 
from the ground as possible. Fig. 1 shows a geometric model con-
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Fig. 2. Cone of the loudspeaker positions. 

sistent with the ISO standard. According to this model, the origin 
"o" is placed at the centre of the facade. Therefore, the unitary vec
tors X, Y and Z; or r, 0 and q>, respectively, define the axis system 
associated with both Cartesian and spherical coordinates. The Z 
axis is chosen perpendicular to the facade, as this position simpli
fies the study in spherical coordinates because the elevation angle 
0a of the loudspeaker remains constant due to the ISO standard 
requirements. The facade has a rectangular shape with width Ax 
and height Ay. The loudspeaker "a" is placed before the facade at 
the point (ra, 8a, (paY expressed in spherical coordinates, and point
ing towards the centre of the facade (although this detail is not man
datory). The function D(ff, <p') is the loudspeaker directivity, which 
represents the normalised sound pressure gain (conventionally with 
respect to the axis of the source) depending on the azimuth and ele
vation angles (ff, <p'), measured in the reference system of the mea
surement loudspeaker. 

Following the ISO standard, the sound incidence angle should 
be 0a = 45 ± 5°. Therefore, it holds that ra = ^2za. The distance from 
the sound source to the sample centre should also meet the condi
tions ra > 5 m {za > 3.5 m) in the case of the element loudspeaker 
measurement method and ra > 7 m (za > 5 m) for the global loud
speaker method. Moreover, the loudspeaker (Fig. 1) has its partic
ular coordinate system X', Y' and 71 (or r', 0' and q>' that must be 
considered because the directivity characteristics of the source 
are referred to these coordinates. In practice, the imposition of 
the incidence angle 0a limits the loudspeaker position to a cone 
surface with a 45° opening whose vertex is located at the origin 
"o" (Fig. 2). In Fig. 1, the points 1-4 refer to the facade corners, 
the point P{x,y) corresponds to a generic point on the facade with 
coordinates (x, y) and 0 is the point on the sample closest from the 
loudspeaker, whose position is variable. If the sound emitter is 
placed on the ground, the angle <pa normally varies between the 
value q>a = -90° (when the loudspeaker is just below the facade) 
and the value cpa = -asin[Ay/(2za)] (when the loudspeaker is on 
the ground at the same height as the bottom of the facade). Never
theless, if the sound source rises above the ground via a support 
element like a tripod, it can reach the position <pa = 0°. For those 
discussions where specific dimensions are required, this paper will 
use the facade dimensions of Ax x Ay = 4 m x 3 m (here, taken to 
be the standard dimensions) that can be considered typical sizes 
for residential buildings, although the study will also be extended 
to the generic case. Thus, in this standard facade, the maximum 

Fig. 1. Test geometry and loudspeaker position. Particularisation to a standard 
facade with AxxAy = 4 m x 3 m and the sound source at r„ = 5^2 = 7 m (z„ = 5 m) 
from the coordinate and surface centre. 

1 For compatibility with the common nomenclature for spherical coordinates, some 
parameter names in the ISO 140-5 have been changed. So, here r„ = r (r as in the 
standard) and z„ = d (d as in the standard). 


