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Abstract. Investigations of acoustics of halls of different types and volumes have disclosed good or acceptable values
of the music sound clarity index C80, while the reverberation times of these halls were found to be either very short or
very long. Subjectively, the acoustics of these halls are considered to be unsatisfactory. For example, the reverberation
time measured in the hall of the Vilnius Opera and Ballet Theatre is about 1 s, while the values of the C80 index are
either good or acceptable. A church the volume of which is 22 650 m3 has acceptable C80 values both in the performerss
places and in the front rows. Similar results were obtained in other halls too.
Keywords: Clarity index C80, reverberation time, absorption, early energy, late energy, sound reflections.

1. Introduction
In order to evaluate the acoustics of existing halls
or halls being designed, objective acoustic indicators and
subjective energy indicators are to be measured. The
voice clarity index C50 and the music sound clarity index C80 are widely used. It is possible to calculate these
indices in the designing stage, though, much more exact
results are offered by measured indices when a pulsed
sound source is used. The music sound clarity index is a
ratio between the early energy and the late energy The
values of the index are different at varied points of the
hall [1 8]. Its values are determined by the early sound
reflections reaching the listener within the first 80 ms.
The structure of these reflections strongly depends on
the positions of the sound source and the listener. If the
sound source is located at the front of the stage and the
hall itself is high and wide at this point, the first reflection will reach listeners relatively late, whereas listeners
in the back rows of the hall will receive the first reflections much earlier [912]. Furthermore, the quantity of
reflections received there within 80 ms will be much
larger than that received in the first rows of the hall.
The intensity of reflections which depends on the type
of materials used for ceiling and wall planes is also important. After multiple reflection from all surfaces of the
hall, energy will be lost and the energy losses will be
directly proportional to the sound energy absorption by
these surfaces. These will be late reflections reaching the
listener after 80 ms. The hall reverberation time, an important acoustic indicator, will also depend on these reflections.

Listeners are sensitive to the changes both in the
intensity of early reflections and in the time during which
the reflections arrive. Due to these reflections the listener may evaluate the dimensions and proportions of
the hall and the work of music itself. Different structure
and intensity of reflections determine different sounding
of music at the front, middle and back rows of the hall.
In an attempt to evaluate the different reflection
structures, the impact upon the listener, Reichardt et al
[14] offered optimum values of the music sound clarity
index C80 at the front and back rows of a hall. The authors of the study considered that, with the recommended
values of C80, the hall acoustics will receive good subjective evaluation. The recommended values were accepted all over the world and for many years already
have been used for evaluating the acoustic properties of
halls. [13]. The question arises, however, as to whether
optimum values of C80 are tantamount to good acoustics
of a hall. It is understandable that the index alone is not
sufficient for the evaluation. However, a good correlation between the C80 index and certain objective acoustic indicators has been found.
The purpose of this work is to determine the values
of the music clarity index C80 at various points of actual
halls with very different acoustic characteristics, to compare them with the recommended values, and to link them
with the acoustic quality of the halls as evaluated by
music specialists and the audience.
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2. Subject of investigation
Investigations into acoustics of halls of different
types and volumes have shown that the values of the
music sound clarity index are good or acceptable, while
those of reverberation time, time centre of gravity, etc
are completely unacceptable. Subjectively, acoustics of
these halls are considered to be unsatisfactory.
In all cases the C80 values correspond to an unfiltered signal. At the same time, reverberation times, centre times of gravity and other indicators were calculated.
The clarity index C80 was calculated from experimental data by the formula [1, 2].

3. Dependence of the clarity index C80 on changes in
the halls absorption
For this purpose investigations were conducted in a
physical model of the hall of scale 1:25. Placing soundabsorbing materials on various planes in the hall varied
the overall absorption of the hall. The results of the investigation are shown in Fig 1.

Absorption, m²

236

80

2
∫ p (t )dt

0
C80 = 10 lg ∞

∫

.

p 2 (t )dt

2
3

2
1

Lmax
58

Bmax
25,5

Hmax
20,5

V, m3
2 7000

56
25

24
15

19,8
9,5

22 650
3 306

A calibre No 9 sound pistol was used as a sound
source. It was located in the places usually occupied by
performers. The microphone was placed in different rows
along the hall. The sound signal was transmitted from
the microphone to a 16-bit analog-to-digital converter
having a wide dynamic range and stored into a computer
memory. Afterwards the signals were analysed by means
of a special computer program.
The reverberation times, time centres of gravity and
other indicators of these halls were measured according
to the requirements of the standard [1416].
The investigations were conducted in unoccupied
halls. When a hall is filled with listeners the overall hall
absorption will increase and the reverberation time will
be reduced. However, this reduction also depends on the
chairs in the hall: the softer the chairs, the lesser the
reduction attributed to the listeners. If a hall contains
wooden benches, the reduction of the reverberation time
will be much more marked. This will also produce effect on both early and late energy reaching the listeners,
which, in its turn, will affect the clarity index C80 . In
order to establish the extent of change in the index with
the presence of listeners and to determine whether such
change may be examined in an unoccupied hall, investigations were conducted in the physical model of the hall
(scale 1:25) and in two real halls.
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In order to establish the relationship between the change
in the index C80 in halls of various types and at various
points of the halls, six halls were selected. Their geometrical characteristics are presented in Table.
Name of hall
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Fig 1. Dependence of sound absorption of the hall on
location of sound-absorbing materials: 1  hall without
special absorbing materials; 2  absorbing materials only
on the ceiling; 3  only on the floor; 4  on the ceiling
and the floor

When the absorbing materials are placed only on
the ceiling, the maximum hall absorption is reached at
500 Hz, and at high frequencies it is almost equal to the
absorption of an empty hall. When such materials are
placed only on the floor, the character of absorption
changes entirely. Allocation of the materials both on the
floor and the ceiling results in the maximum absorption
only at 1000 Hz, with almost no increase at low and
high frequencies.
In practice, ceilings are only partially covered with
absorbing materials. The audience fills the floor plane
either by 100 % or by 50 %. Their sitting positions may
vary. The results of this investigation show that absorption changes, consequently, C80 index is subject to change
as well. The results of the investigation for unfiltered
signal are presented in Fig 2.
The graph clearly shows that the values of C80 increase with the increase in sound absorption. A 1,5-fold
increase in absorption results in a ~ 3 dB increase in
C80. This applies both to positive and negative values of
CC80.
These results allow to draw a conclusion that listeners sitting on semi-upholstered or upholstered chairs
in the hall cause no significant changes in the overall
hall absorption. Therefore one may assert that the difference in the clarity index of the hall without listeners and
the hall filled with listeners up to 70-80 % will make up
only 1-3 dB. The presence of listeners/viewers will always increase and never reduce the clarity index. This
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Fig 4 depicts the frequency characteristics of reverberation time. The volumes of these churches are very
large and all surfaces are made of sound-reflecting materials. Both churches have benches made of hardwood.
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4. The change in the values of clarity index C80 in
churches
Let us take an extreme example. In churches of St
John and the Cathedral there is a very long reverberation
time. The results of investigations are presented in Fig 3.
In the Cathedral church the values of C80 are good
near the sound source and acceptable at the distance of
10 m from it. In St John church this distance is shorter
and is equal to 5 m. When listeners are present, the C80
values will undergo a considerable increase of about 3-4
dB. Therefore it may be expected that they will be good
and acceptable at a greater distance from the sound
source. In such a case, even in the churches characterised
by a long reverberation time, the index values are good
and acceptable quite far from the sound source.
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The reverberation times in both churches are very
long, particularly at low and medium frequencies. With
600 listeners present, the reverberation time is reduced
by about 1-1,8 s but still remains very long and unacceptable from the point of view of good music sound.
Fig 5 shows the results of investigation into the time
centre of gravity.
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Fig 5. The dependence of the time of centre of gravity on
the distance to the sound source: 1  St. John church; 2 
Cathedral church; 3  maximal permitted values
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means that changes in the clarity index may also be investigated in unoccupied halls.
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Fig 2. Dependence of Index C80 on changes in the hall
absorption. Figures denote sound absorption and letters
denote location of absorbing materials: A1  absorbing
materials only on the floor; A2  only on the ceiling;
A3  on the ceiling and the floor; A4  no absorbing
materials
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Figure shows that the values of the time centre of
gravity are very large when the distance from the sound
source exceeds 2,5 m. Large values of this indicator
demonstrate the presence of echoes and long reverberation time of the hall.
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Fig 3. Changes in the clarity index in churches depending
on the distance to the sound source: 1  good values for
front and back rows (lower and upper limits); 2, 3  acceptable values for front and back rows (lower and upper
limits); 4  measured values  church No 2; 5  measured values  church No 1

5. The change in the values of clarity index C80 in the
cinema hall
This particular hall was selected for investigations
because its acoustics are absolutely unsuitable for a natural sounding of music. Therefore it was interesting to
observe the changes in the values of the clarity index
C80 before and after the reconstruction of the hall. The
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Dolby Surround Digital sound recording system was installed in the hall.
For the installation the Dolby Surround Digital sound
recording system, the reverberation time and the air volume resonances had to be strongly reduced. Therefore
all walls and the ceiling of the hall were covered with
sound-absorbing materials and the overall sound absorption was markedly increased after reconstruction. The
results of investigations are presented in Fig 6.
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Fig 8. The change in the clarity index in the cinema hall
depending on the distance to the sound source: 1  good
values for front and back rows (lower and upper limits);
2, 3  acceptable values for front and back rows (lower
and upper limits); 4  measured values before reconstruction; 5  after reconstruction
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Fig 6. Frequency dependence of change in the overall
sound absorption in the cinema hall: 1 before reconstruction; 2  after reconstruction
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The graph shows that after the reconstruction the
absorption has increased by about 230-250 m2 throughout the frequency range. The absolute values of absorption are large for a hall of such small volume.
Such marked changes in the sound absorption undoubtedly influence reverberation time, the results of investigation of which are shown in Fig 7.

The index C80 values were good in all rows of the
stalls and the balcony before reconstruction. After the
reconstruction the reverberation time became much
shorter but in spite of this the clarity index values are
acceptable at the front rows of the stalls. It is obvious
that no orchestra may sound well in such a hall. The
values of the clarity index C80, however, were good at
all points of the hall prior to reconstruction and remained
good in the front rows even after the reconstruction.
Fig 9 shows the results of investigation of the time
centre of gravity.
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Fig 9. Dependence of the time centre of gravity on the
distance to the sound source: 1  maximal permitted values; 2  measured values before reconstruction; 3  after
reconstruction

Fig 7. Frequency dependence of reverberation time in a
cinema hall: 1 measured values before reconstruction;
2  after reconstruction

Before the reconstruction the reverberation time
values were 1,2-1,3 s at the low and medium frequencies and only 0,8-0,9 s at high frequencies. Such reverberation time is too low for a good sounding of music.
After the reconstruction it was further reduced and is
0,8-0,5 s throughout the frequency range.
The values of the clarity index C80 are shown in
Fig 8.

It can be seen from Fig 17 that the values of the
time centre of gravity are very small both before and
after the reconstruction. This demonstrates that the hall
is very suppressed and all reflection energy is concentrated in the initial stage of the energy decrease.
Investigation results are presented for the halls of
various type and volume, the acoustics of which have
been subjectively recognised by music specialists as unsuitable for a natural sounding of music. This is confirmed by the investigations of objective indicators. In
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the churches, acceptable values were obtained at the
performers places and in the front rows of the hall. Even
in the cinema hall, which is absolutely unsuitable for good
sounding of music, the C80 values are good in all rows
of the stalls. This means that the clarity index C80 may
not be applied as an indicator for proper characterisation
of the acoustics of a hall. Its recommended values should
be adjusted. Furthermore, much acoustic information
could be provided by the data on frequency dependence
of this indicator.
The music sound clarity index is a ratio between the
early energy and the late energy. It is determined by the
structure of sound reflections which is different at various
points of the same hall. For the front rows, good values
are within the range of 3 to 8 dB. This means that the
early energy reaching the listener within the first 80 m
must exceed the remaining pulse energy by 3-8 dB. One
may hardly agree with this. In order for the pulse energy
from 80 ms to oo be lower by 3-8 dB than the early energy up to 80 ms, the final process of energy decrease
must be sufficiently quick. However, in such a case the
hall reverberation will be short and this is undesirable in
the halls used for music purposes. At the back rows, good
values of C80 are within the range of 0 to 5 dB. The ratio
0 shows a balance between the early energy and the
late energy. Such balance is obtained in the Opera and
Ballet Theatre (Fig 2) and the Small Hall of the Philharmonic Society (Fig 11). Due to higher intensity of reflections and longer reverberation time both the early and the
late energy are larger in the concert hall than in the theatre, though the energy ratio is equal for both halls and
the quality of music sound is quite different.
For instance, when an orchestra plays in the Opera
Theatre, the first intensive reflection reaches the front
rows of listeners after 23-25 ms and its amplitude is lower
by 7,3  10,7 dB than that of the direct sound. No intensive reflections will be present in the interval between
the direct sound and the first reflection. This interval
will be filled by diffracted reflections with the intensity
lower by 20-30 dB than that of the direct sound. At the
back rows, the first reflections will reach the listener after
4 and 5 ms and their intensity will be lower by 9,1 and
12,8 dB respectively than that of the direct sound.
6. Conclusions
1) The presence of audience always increases the
clarity index C80, the increase amounting to 1-3 dB.
2) When the reverberation time is short and absolutely unacceptable in different halls, the values of the
clarity index C80 are good or acceptable.
3) The values of the clarity index C80 are very different at different places of the same hall and they
strongly depend on the positions of the sound source and
the listener.
4) Recommended values of C80 are also found in
the halls whose acoustics is assessed as bad or unacceptable by music specialists.
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