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Summary 
The measured reverberation time, T20, does not describe the relationship between sound power and 
sound pressure levels particularly in rooms where the majority of the absorption is on one surface, 
typically an absorbent suspended ceiling.  This relation is described in ISO 3382-1 by the 
parameter Sound strength, G.  During a field sound insulation test the receiving room conditions 
are usually standardised with a reverberation time measurement.  If the reverberation time 
measurement does not accurately describe the relation between sound pressure and sound power 
during the insulation test, the correction term will not be valid.  Complicated considerations are 
described in ISO 140-14 for taking non-diffuse receiving room soundfield measurements in a 
“virtual room”.  No account is currently made in ISO 140-4 for the error introduced by the 
measurement of reverberation time.  Both these problems could be overcome if receiving room 
conditions were measured in terms of G.  Sample measurements using a reference sound source 
have been used to evaluate the relationship between sound power and sound pressure levels in a 
room with absorbent ceiling and lack of diffusing elements; the potential impact on sound 
insulation measurements is quantified. 
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1. Introduction1 

Reverberation time is an enduring and intuitive 
descriptor of the acoustic condition of a room.  It 
is used not only as a criterion for room conditions, 
but also to describe the relationship between sound 
pressure and sound power level in a room.  A 
common example of this is to account for 
receiving room conditions when measuring the 
sound insulation between rooms.  This paper 
investigates the effect of the concentration of 
absorption on a single axis in a room, such as an 
absorbent suspended ceiling and carpet with plain 
reflective walls.  Such a room may be highly 
damped, but the manner of the damping leads to 
anomalies in test methods for sound insulation.  
This type of room is also very common as a 
classroom or office. 
Detailed investigations into measurements of 
sound pressure levels in non-diffuse rooms have 
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been published [1], and incorporated into the 
current guidance for sound insulation 
measurements in special situations in the field [2].  
However, attention has focused on the sound field 
rather than the potential effect of the reverberation 
time measurement, and there was limited 
investigation of classroom-type rooms. 
More recently, attempts to describe the effect of 
diffusing elements such as furnishings on the 
measured reverberation time have illustrated the 
incongruous relationship between the sound 
pressure and sound power levels [3]. 
When conducting a sound insulation test, the 
measured reverberation time is used to standardise 
the receiver room levels.  If the reverberation time 
does not accurately describe the relationship 
between the sound energy transmitted into the 
receiving room and the resulting sound pressure 
level, the adjustment for room conditions will be 
incorrect.  Thus the apparent sound insulation will 
not be consistent with perceived conditions. 
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The objective of this investigation was to examine 
the potential magnitude of errors that may result, 
and alternative measurement methods that may 
overcome the problem identified. 

1.1. Descriptors of room acoustic response 

Additional measures of room acoustic conditions 
have been standardised in ISO 3382-1 [4].  Of 
particular relevance is the quantity G, Sound 
strength, which is derived in Annex A of ISO 
3382-1 as: 
   31  (1) 
Where G is the Sound strength, Lp is the sound 
pressure level measured at every measurement 
position, and Lw is the sound power level of the 
source. 
Although G is defined in ISO 3382-1 as the 
arithmetic mean of the values in the 500 Hz and 1 
kHz bands, it is used here in octave bands across 
the frequency range of interest. 
This quantity may be compared with the terms of 
classical diffuse field theory, where the sound 
level in a diffuse field (away from direct sound) 
may be described as: 
    10. log  (2) 
Where Lp and Lw are as above, Rc is the room 
constant.  
Comparing Eq. 1 and Eq. 2, Sound strength G is 
related to Room constant, Rc, as: 
    37 –  10.   (3) 
Hence where the Room constant may be 
considered as the effect of the room in reducing 
the sound pressure level from a given source, the 
Sound strength is the direct opposite, where a 
higher value represents a higher sound pressure 
level for a given sound power source. 
A common simplification for the Room constant 
under diffuse field conditions is to the absorption 
area: 
    .     (4) 
And where, according to the Sabine relation: 
    0.16      (5) 
Practitioners will no doubt be familiar with the use 
of Eq. 5 in calculating noise levels in rooms.  
Under diffuse field theory, the Room constant is a 
simple function of reverberation time and room 
volume, and hence, by substituting Eq. 5 and 4 
into Eq. 3, so is G, denoted G’diffuse to avoid 
confusion: 

45 10. – 10.  (6) 
However, although this relation may hold true in 
rooms where the diffuse field theory is a good 
model, it has been demonstrated that this relation 
is far from true for many types of rooms. 
 

1.2. Conditions in a classroom 

Nilsson has presented measurements in 17 
classrooms in three different conditions, including 
classrooms with suspended absorbent ceilings with 
and without and furniture, and classrooms without 
suspended absorbent ceilings or furniture [5].  
These measurements demonstrate that the 
measured value of G may be approximately 5 dB 
below the value that would be predicted assuming 
diffuse field theory from the measured 
reverberation time, and in some cases more than 
10 dB below that predicted. 
This effect has been investigated previously, 
notably by Nilsson et al. [6], [7].  These authors 
described consideration of the sound field in a 
simple room with an absorbent ceiling as being 
composed of a grazing component (sound in the 
horizontal plane), and a non-grazing component 
(in the vertical direction).  They proposed a two-
system SEA model to represent the grazing and 
non-grazing sound fields, with redistribution of 
power between each field controlled by the 
quantity of diffusing elements or surfaces.  They 
claimed that during the sound decay, high 
frequency energy in the non-grazing field is more 
quickly reduced by the highly absorbent ceiling, 
while sound in the grazing field is less efficiently 
absorbed by the ceiling.  Different ceiling types 
(e.g. mineral wool ceiling tiles or perforated 
plasterboard) are demonstrated to have different 
efficiencies in absorbing grazing sound at different 
frequencies.  Nilsson claimed that the non-grazing 
field may dominate overall sound levels due to a 
constant excitation of the room [3]. 
The explanation for the change in slope of a sound 
decay is due to the transition from non-grazing 
field to grazing field control.  Thus the initial 
decay is controlled by the non-grazing field, which 
dominates steady state sound levels, but this is 
soon exhausted by the higher levels of absorption 
at normal incidence.  The reverberation time 
measured between -5 and -25 dB for the T20 may 
be substantially controlled by the grazing field, 
which persists for longer in the absence the same 
level of absorption.  Thus the reverberation time 
does not reflect the rate of absorption of sound 
energy during the initial part of the decay, nor 
under steady state excitation of the room, which is 
effectively the condition at the point at which the 
sound decay starts.  This is a convincing argument 
to explain the discrepancy between the measured 
Sound strength in a room, G, and G’diffuse based on 
the measured reverberation time, in non-diffuse 
rooms. 
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1.3. Conditions during a sound insulation test 

There are essentially two parts to conducting a 
sound insulation test: the measurement of levels in 
the source and receiver rooms, to determine a level 
difference, and the correction of receiver room 
levels to account for the receiver room conditions 
at the time of the test.  Additional considerations 
are described in ISO 140-14 for sound field 
measurements where there is a significant spatial 
variation in levels in a highly damped room. 
A standard method of accounting for receiver 
room conditions is to measure the reverberation 
time, and standardise the measurements to a 
reference reverberation time, denoted in ISO 140-
4 [8] as DnT.  Under diffuse field theory 
assumptions, this can be considered as the level 
difference that would be observed if the 
reverberation time in the receiving room was the 
same as the reference reverberation time.  It is 
assumed that the reverberation time measured 
describes the control of the static noise levels 
during the sound insulation test. 
Different methods of accounting for receiver room 
conditions have been considered previously [9].  
Investigators measured the effect of four different 
levels of room absorption, using both decay 
(reverberation time) and reference sound source 
(RSS) measurements to account for controlled 
receiving room conditions in a transmission suite.  
They concluded that both reverberation time decay 
and reference sound source measurements were 
consistent in accounting for receiving room 
conditions, although other methods tested were 
not.  The arrangement of absorbing elements in the 
receiving room is not explicit in that paper, but it 
is assumed that as the measurements were 
performed in the laboratory, absorption was 
distributed evenly.  In view of the preceding 
discussion, it may be supposed that the sound field 
in those experiments was sufficiently diffuse so 
that the rate of decay of sound in the later part of 
the reverberation time measurement was 
equivalent to the initial rate of decay. 

2. Method 

A Reference Sound Source (RSS - B&K 4205) 
was used to measure G as described in ISO 3382-
1, using static levels.  Measurements were made at 
six discreet hand held microphone positions for 
each of three RSS positions, following the 
measurement procedures of ISO 140-4 for the 
measurement of sound levels in rooms.  The RSS 
was located at least 1.5 m from any walls. 
Reverberation time measurements were made with 
a hemi-dodec speaker (Norsonics 250), using the 
interrupted source method with two source 
positions, six microphone positions and three 
decays at each, a total of 36 measurements.  These 
measurements are therefore expected to be 
somewhere between the accuracy obtained with 
“Engineering” and “Precision” methods according 
to ISO 3382-2 [10], i.e. better than 5 %. 
The sound insulation test was undertaken with the 
same equipment, with all measurements made in 
full octave bands for improved accuracy. 
Measurements have been undertaken in a pair of 
empty rooms, with features summarised below. 
 
Table 1: Summary of measurement conditions 

Room 
ref 

Volume
/ m3 

Walls  Floors 
Ceiling 
tiles 

A  87 
Plasterboard, 
one window, 

one door 

Carpet 
on 

concrete
Class D

B  83 
Plasterboard, 
one window, 

one door 

Vinyl on 
concrete

Class D

 
Rooms A and B were adjacent; sound insulation 
measurements were undertaken in both directions, 
so that the apparent sound reduction R’ could be 
evaluated on the basis of different receiving room 
conditions. 
G is considered in this paper in octave bands 
between 125 Hz and 4 kHz, as relevant to sound 
insulation measurements; the term “G” is therefore 
used with a slightly wider meaning than that 
defined in ISO 3382. 
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Figure 1. Room A. 
 

 

 

 

 

 

 

 

 

 

Figure 2. Room B. 
 
3. Results 

The reverberation times recorded are shown 
below, with the error bars showing one measured 
standard deviation in each direction: 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Measured reverberation times 
 
As anticipated, the reverberation times are slightly 
longer in room B with a hard floor.  The measured 
Sound strength values measured are shown below: 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 4: Measured Sound strength in Room A, c.f. 
G’diffuse, with error bars for G based on the spatial 
variation of static levels. 
 
It can be seen that the widest variation between G 
and G’diffuse is in the 125 and 250 Hz octaves, 
where the measured values appear to be 
significantly different. At higher frequencies, the 
difference is less than 2 dB. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Measured Sound strength in Room B, c.f. 
G’diffuse, with error bars for G based on the spatial 
variation of static levels. 
 
Again the most dramatic variation between G and 
G’diffuse is in the lower octaves, and at higher 
frequencies the difference is less than 2 dB.  See 
Table 2 for these results in tabular form. 
Standard deviations for the spatial variation of 
sound levels are shown in Figure 6 below: The 
standard deviations are greater than anticipated 
from those described in ISO 140-13 [11], and tend 
to be many times greater in the source room.  The 
high level of absorption may lead to variation in 
source levels with distance from the source at 
higher frequencies.  The Schroeder frequency is 
below 200 Hz, and wider variations are seen in the 
125 Hz octave band. 
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Figure 6: Standard deviations in spatial variation during 
level difference test from A to B 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Standard deviations for levels at fixed 
positions using RSS in A and B 
 
At 1 kHz and above, there is greater spatial 
variation in Room A, while at lower frequencies 
the spatial variation appears to be more a function 
of particular source positions rather than the room.  
There is much greater variation than measured 
with the hemi-dodec speaker, see Figure 6.  The 
difference between the diffuse-field value, G’diffuse 
and G is shown in the table below. 
 
Table 2: Values of (G’diffuse – G) in each room 

R
oo
m
 

Octave band centre frequency / Hz 

125  250  500  1 k  2 k  4 k 

A  7.3 2.7 1.5 1.9 1.1 0.7 

B  6.5 1.6 1.2 1.1 0.4 0.3 

 
The apparent sound reduction R’ between the 
rooms A and B, based on the different methods of 
measuring absorption in the receiving room is 
shown in the graph and table below. 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 8: Apparent sound reduction measured in each 
direction, and using each method to correct for room 
conditions. 
 
Figure 8 demonstrates that the values of sound 
reduction measured with the RSS are consistently 
lower than those measured using reverberation 
time.  This is as expected, as the value of G’diffuse 
is always greater than G.  It also demonstrates 
very consistent values for the apparent sound 
reduction measured in each direction at 1 kHz and 
above using the RSS, but at 500 Hz and below it is 
no more consistent than using the reverberation 
time.  At 125 Hz and some extent 250 Hz, the 
divergence between the methods is large – due to 
the values in Table 2, as shown in Table 3. 
 
Table 3: Values of apparent sound reduction R’, 
according to ISO 140-4, measured in both directions 
and corrected for room conditions using both methods. 

R’ / dB 
Octave band centre frequency / Hz 

125 250  500  1 k  2 k  4 k 

A  B, RT  21.3 23.4 27.7 32.4 36.8 40.4 

B  A, RT  18.8 23.3 27.2 33.2 37.5 40.5 

A  B, RSS  14.8 21.9 26.5 31.3 36.4 40.1 

B  A, RSS  11.5 20.5 25.7 31.3 36.4 39.8 

 
The standard deviation of the spatial variation of 
levels measured using the RSS is similar to that 
found in source room A for the level difference 
test; levels in the receiving room are found to have 
less spatial variation.  This may be due to the 
effect of a point sound source in one room, and the 
whole of the separating wall principally acting as a 
more widely distributed source in the receiving 
room. 
There is also a greater spatial variation in sound 
levels in room A when the source is in that room; 
as this (carpeted) room shows the greater 
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difference between G and G’diffuse, this may be 
anticipated.  The variation of levels with distance 
from the source has not been investigated in these 
measurements, but may account for the larger 
variation even in this relatively small room. 
There is a much wider variation in the results at 
lower frequencies, where there is also more 
uncertainty in the results.  The effect described is 
anticipated to be more significant at higher 
frequencies; no explanation is currently offered for 
this wide discrepancy. 
 
4. Conclusions and further work 

The measured data presented in the literature 
indicate that in non-diffuse rooms, the 
reverberation time, measured as a T20, can be a 
poor descriptor of the relationship between steady 
state sound levels from a given sound power 
source.  Consideration of the sound source as the 
separating element in a sound insulation test, and 
following the argument for the implications would 
suggest that similarly significant inconsistencies 
may arise when accounting for receiving room 
conditions in non-diffuse fields using 
reverberation time. 
This effect has been demonstrated to a small 
extent in the measurements presented, even with 
the relatively small differences between G and 
G’diffuse.  However, there are significant 
discrepancies in the measured results at lower 
frequencies which have not been explained. 
On the basis of the reported differences in the 
literature up to 10 dB (in slightly larger classroom-
sized rooms with more absorbent ceilings), similar 
variations in measured sound insulation may be 
anticipated.  It is therefore supposed that there is a 
general over-estimation of realised sound 
insulation measured between classrooms.  The 
effect may be reduced by the introduction of 
diffusing elements during a test, but not 
eliminated.  ISO 140-4 indicates that diffusing 
elements should be introduced into rooms where 
they have identical shape and equal dimensions, 
but does not address the phenomenon described in 
this paper, which will persist even with diffusing 
elements present. 
Further measurements are sought for evidence of 
the mis-representation of measured sound 
insulation.  It is also anticipated that changing the 
degree of diffusion present may result in a 
different level of sound insulation measured, as 
the value of (G’diffuse – G) varies. 
It is noted that the RSS used does not strictly 
comply with the omni-directional characteristics 

required for measurements compliant with ISO 
3382-1, and this may also be a contributory factor 
to the wide variation in results. 
Complicated considerations are described in ISO 
140-14 for taking non-diffuse receiving room 
soundfield measurements in a “virtual room”; no 
account is currently made in ISO 140-4 for the 
error introduced by the measurement of 
reverberation time.  Both these problems could be 
overcome if receiving room conditions were 
measured in terms of G.  However, drawbacks 
include the fact that the equipment required for the 
measurement of G is not yet common, and reliable 
and repeatable measurements at low frequencies 
may be difficult. 
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