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INTRODUCTION

Sound transmission between rooms can be by the direct path through the party
wall or floor and by indirect paths, for example through the inner leaf of an
external wall. Flanking transmission is the term given to sound transmission by
any indirect path.

When planning remedial treatment to solve a sound insulation problem, it is
important to know which sound path is dominant and so a technique is required
for measuring the sound radiated from each surface of a room in order to compare
the relative importance of different paths.

The simplest way of measuring the sound power radiated by a surface is the
accelerometer method. Vibration transducers are used tomeasure the
acceleration of the surfaces of the receiving room when a loudspeaker is
operating in an adjacent source room. The sound power radiated by each surface
is estimated from the mean acceleration of the surface. This method is
unsuitable for lightweight structures and so an alternative method is being
developed by BEE in which the sound power radiated by each surface of the
receiving room is calculated from intensity measurements made by sampling over
the surfaces. In the present paper the basis or the accelerometer and intensity
methods and their advantages and disadvantages will be discussed. and results
obtained using the sound intensity method presented.

ACCELEROMETER METHOD

An accelerometer is attached at many different positions on each surface of
the receiving room and the root mean square acceleration of each surface is
calculated. The sound power (H) radiated by asurface of area A is given by:

W a p c u‘ As (1)

where p is the density of air,
c is the velocity of sound in air,
u is the root mean square velocity of the surface

and a is the radiation coefficient of the surface.

The major shortcoming of this method is that the radiation coefficient. a,
depends not only on the material of which the radiating structure is made. but
also on physical conditions including the method of excitation of the structure.
At frequencies well above the critical frequency the radiation coefficient may
be assumed to be unity but below the critical frequency its value is not usually
known. For commonly used materials such as plasterboard and common
constructions such as leaves of 100 mm blockwork, a substantial part of the
frequency range of importance is below the critical frequency and the method is
not very accurate.

A practical drawback of the accelerometer method is the need to attach the
accelerometer to the surface being investigated, which coulddamage paintwork or
wall decorations .
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SOUND INTENSITY METHOD

or quantity representing. at a point, the rate of
Sound intensity is a vect

The sound power (u) radiated by a
flow of acoustic energy through unit area.

surface of area A is given by:

w - A [roll (2)

where Ir is the mean sound intensity in direction r, normal to the surface,

calculated from intensity measurements made by sampling over the surface. The

measurements can be made using a probe. comprising two microphones. A and B,

 

mounted face to face, separated by a plastic spacer of known length.'Ar. For a

medium without mean flow, the intensity can be expressed as:

.
(3)

lr p. vr

where p is the instantaneous sound pressure.

v is the instantaneous particle velocity in direction r

and the bar represents time averaging.

The particle velocity can be calculated from the pressure gradient:

(H)“1/22.,t
r 9 3r

In this method an approximation for the pressure gradient at the midpoint of

the probe is made from the pressure measurements from the two microphones and

the sound pressure, p, is taken as the mean of the two pressure measurements.

giving:

- =r—ri—r—T—
1r d: (5)

The two microphones are connected to an analyser which evaluates this equation

in octave or third-octave frequency bands and calculates the sound pressure

level(Lp) and sound intensity level (L!) in decibels for each bandI

)1 as as2.

po
(6)and LI - 10 log.° (

owhere Lp = 10 logI° (

p is the measured pressure I is the measured intensity

po is the reference pressure 10 is the reference intensity

- 20 uPa - %g— a 1 pH/m’

The radiated sound power level (Lu) of a surface of area A is given by:

10 105,. A _

ERRORS IN THE INTENSITY METHOD

Intensity measurements made using this system are subject to known errors

which limitthe frequency range over which the system can be used. Where

possible the errors were calculated theoretically and tests were carried out to

determine the experimental procedure and conditions which were required to reduce

all errors to an acceptable level.

+
w I
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sampling error
Sampling error is an error'to which both the accelerometer method and intensity
method are subject. accuracy being limited by the number of samples taken. A
Brael and Kjaer intensity analysing system type 3360 was used to measure the mean
intensity radiated by a thin cellular plastic panel of area ".5 m‘ and critical
frequency 2000 Hz, mounted in a wall separating two reverberent rooms. A
loudspeaker was operated in the source room and absorbent material was placed in
the receiving room to reduce the reverberent field. Intensity level measurements
were made at 63 positions for the frequency range 50 Hz to “000 Hz. The mean
sound intensity level was estimated from the 63 measurements and then from only 9
measurements and there was very good agreement between the two results both above-
and below the critical frequency of the panel. The 951 confidence limits
increased from 20.6 dB for 63 positions to :2 dB for 9 positionsI showing that
measurements should be made at a minimum of 9 positions. Further tests have
shown that a minimum of 2 measurements. each averaged over at least 16'seconds,
should be made at each position.

Proximity error
Thomson has shown [1] that measurement accuracy is a function or Ar/r, where Ar
is the microphone separation and r is the distance between the radiating surface
and the midpoint of the microphones. Error calculations have been carried out
For monopole, dipole and lateral quadrupole sources and, by considering the most
complex or these sources: a lateral quadrupole, a range or r > 2Ar is obtained
for a maximum inaccuracy of :1.5 dB.

To find the upper limit for r. intensity measurements were made with the probe
at increasing distances from the panel up to U00 mm, using microphone spacings
of 12 mm. 25 mm and 50 mm. In all three cases there was good agreement between
measurements made within 200 mm of the surface. but measurements at greater
distances showed deviations from the rest. 200_mm was therefore taken as the
upper limit or r.

A roximation error and error due to hase mismatch
Use of the intensity system at high frequencies is limited by an error introduced
by the approximation for the pressure gradient, and at low frequencies by an
error due to phase mismatch between the microphone channels. In general a sound
field is too complicated to calculate these errors. but calculations may be made
for ideal sound fields to give an indication of the frequency range for a given
microphone separation.

For a plane wave propagating parallel to the axis Joining the microphones, it
can be shown [2] that the ratio or the measured intensity (In) to the true
intensity (It), with a phase mismatch of 0 between two microphone channels. is

 

given by:

I sin (Mr 2 Iii)Tm .
(8)t kAr

where k a anwavelength

The error in a sound intensity measurement. LE -'LI - LIt (9)
m
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Hence from equations (6), (8) and (9), the approximation error is given by:-

_ sin kAr DLE 10 103,. ————LFKF—$-—Z

Fig 1 shows the approximation error with a phase mismatch of 0.3“ (the maximum

phase mismatch for the system being used) for three microphone separations. From

this the theoretical frequency range for a given error can be obtained.

(10)

To determine the useful frequency range of the system experimentally. the

system was used in an anechoic chamber to measure the sound pressure level and

sound intensity level 2 m from a loudspeaker in a small cabinet. The sound field

in the central part of the anechoic chamber was a close approximation to that

from a point source in the frequency range considered, and so the values of the

sound intensity level and sound pressure level in any frequency band should have

been numerically ecual. The useful frequency range was taken to be the range

over which the intensity level measurements differed from the pressure level

measurements by less than 1.5 dB. This experimentally obtained frequency range

is compared in Table 1 with the theoretical frequency range for an error of

S 1.5 dB, obtained from Fig 1. for three microphone separations.

Table I. Comparison of experimental frequency range and theoretical

frequency range for an approximation error of 5-1.5 dB.

Microphone Experimental Theoretical

separation frequency range frequency range

12 mm 100 ' 5000 Hz 50 — 6300 Hz

25 mm 50 ‘ 2500 Hz "0 — 3‘50 Hz

50 mm ‘50 ' 1250 Hz 20 v 1600 Hz  
    

 

     

    
     

 

'Heasurements in anechoic chamber not valid below 50 Hz

There is good agreement between the two sets of frequency ranges. A microphone

separation of 25 mm appears to be the most suitable for intensity measurements in

buildings as it has a useful frequency range of 50-2500 Hz.

Effect of a reverberent field
A reverberent field affects the accuracy of intensity measurements in two ways.

The intensity analysing system measures the resultant intensity radiated by the

surface, which is equal to the difference between the radiated and absorbed

intensities. This leads to an underestimation of the radiated power and so it is

necessary to reduce the reverberent field in the receiving room by placing some

highly absorbent material in it.

Another effect of a reverberent field is to increase the error due to phase

mismatch. The reactivity index. K. of a sound field is defined as the ratio of

the free-field phase difference between two points. kAr. to the true phase

difference. o: '

K - kAr/O (1‘)

As the reactivity index increases, the true phase difference becomes smaller and

any phase mismatch will be more significant. The reactivity index is usually

quoted in logarithmic form:
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LK = —10 log... K (12)

and it can be shown [3] that LK - i.I - LP (13)

Hence at any position the reactivity index of the field at any frequency can be
calculated from the sound intensity level and sound pressure level.

An Investigation into the effect of reactivity on intensity measurements was
carried out in a test house at BRE (see Fig 3). The mean sound intensity level
and mean sound pressure level were measured over a 225 mm brick wall separating a
source room and receiving room. with decreasing amounts of absorbent (acoustic
foam blocks) in the receiving room. Fig 2 shows the sound intensity level and
reactivity index (calculated from LI - LP) for five levels of absorbent in the
receiving room. For frequencies above 100 Hz it can be seen that when the
magnitude of the reactivity is less than 13 dB, the measured intensity levels
are, in general, consistent within :1 dB. As the reactivity increases. and for
frequencies below 100 Hz, the measurements become more erratic but generally
agree within :2 dB up to a reactivity of ~15 dB. Therefore -15 dB appears to be
the maximum acceptable level of reactivity for reliable intensity measurements
with this system.

INVESTIGATIONS TO IDENTIFY SOUND TRANSMISSION PATHS USING THE INTENSITY METHOD

The first investigation was to use the intensity method to identify the
dominant sound path between two rooms in the BRE test house. The house has two
storeys with four similar rooms of M2 m’ on each storey. The external wall is
cavity brickark and the internal walls are a 225 mm brick party wall and 102 mm
brick spine walls. The source room and receiving room were on the ground floor.
separated by the party wall (see Fig 3). The noise source was a loudspeaker in a
large cabinet, driven by a pink-noise generator. Sound intensity level and sound
pressure level measurements were made at a minimum of 17 positions over each
surface with the midpoint of the probe at 100 mm from the surface.

Fig u compares the mean sound power level radiated by each wall in the
receiving room, in third octave bands from 63 Hz to 2000 Hz. Points have been
omitted for frequency bands where the resultant energy flow was into the surface
(giving a negative value for the mean intensity) as the surfaces were not
contributing to the radiated sound power at these frequencies. The results for
the floor and ceiling have not been included as these surfaces were absorbing
sound energy in most frequency bands and radiating energy at only a very low
level in the other bands and were consequently making a negligible contribution
to the radiated sound power.

it can be seen that the party wall is the dominant radiating surface, the sound
power level being greater than that radiated by any other surface in all
frequency bands. Above 630 Hz the party wall was the only surface which was
radiating at a high enough level to be measured by the analyser, the intensity
levels at the other surfaces frequently falling below the lower measuring limit
of the analyser. Both the internal and external flanking walls were also
radiating sound energy and it can be seen that the external wall, which included
a window, was,in general, radiating at a lower level than the internal spine
"311- This 13 Probably due to the window breaking up the radiating surface of
the wall. The back wall was making very littlecontribution to the radiated
sound power.
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The technique has therefore identified the dominant sound path as being the direct

path through the party wall. and has also shown the relative importance of the

paths through the flanking walls.

The second investigation was to identify the dominant sound path between two

rooms in timber-framed flats. The source room was on the first floor and the

receiving room was directly below it on the ground floor. The noise source was a

Bruel and KJaer M22“ noise source with an external filter to control the

frequency range. Sound intensity and sound pressure level measurements were made

over the four wall surfaces (see Fig 5) and the ceiling for two frequency

ranges:

63-800 Hz using the 50 mm spacer

and 1000-"000 Hz using the 12 mm spacer

The combined results, shown in Fig 6, identify the ceiling as the dominant

radiating surface up to 1000 Hz with wall M, an internal partition, also

radiating strongly at low frequencies. Between 200 Hz and H00 Hz walls 1, 2 and

3 are also contributing to the radiated power. it high frequencies (above

1000 Hz) the external wall with a window (wall 2) is seen to be radiating most

strongly.

The direct path through the party floor has therefore been identified as the

dominant sound transmission path below 1000 Hz, and a flanking path through the

external wall as the dominant path above 1000 Hz.

For both investigations acoustic foam blocks were placed in the receiving room

to reduce the reverberent field. The magnitude of the reactivity index was then

less than 15 dB in most frequency bands for each surface that was investigated.

CONCLUSION

A technique is needed for measuring the sound power radiated by room surfaces

in order to identify the dominant sound path in buildings. The accelerometer

technique is well established and simple to use. but is unsuitable for certain

common lightweight constructions. It has been shown that the direct measurement

of sound intensity can be used successfully to identify dominant sound paths in

brick and in timber framed structures. The technique requires high sound levels

in the source room and is susceptible to errors in highly reactive fields, but

this problem can be overcome.by increasing the level of absorbent in the

receiving room. Care is necessary in both collecting data and interpreting the \

results, but the intensity method does enable study of flanking paths where the

accelerometer method would be unreliable, and as it does not damage wall

decoration it is suitable for use in occupied dwellings. Overall the intensity

method offers a valuable alternative to the accelerometer method.
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