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This paper presents the results of measurements of the sound absorption coeﬃcient of auditorium
seats carried out in the laboratory using two methods. In the ﬁrst one, small blocks of seats in various
arrangements were studied in a reverberation chamber to determine the absorption coeﬃcient of an
auditorium of inﬁnite dimensions. The results were compared to the values of the absorption coeﬃcient
measured using the second method, which involved samples enclosed within a frame screening the side
surfaces of other auditorium blocks. The results of both methods allowed for the assessment of the sound
absorption coeﬃcient of an auditorium of any dimensions while taking into account the sound absorption
by the side surfaces. The method developed by the authors will simplify the currently known measurement
procedures.
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1. Introduction
The goal of the research presented in this article
was to determine the sound absorption coeﬃcients of
an auditorium, which are used in computer simulations of room acoustic parameters. The existing relationships used to determine the reverberation time,
which are based on the statistical theory of acoustic
ﬁelds, require the sound absorption coeﬃcient as one
of the basic parameters. Furthermore, programs used
to simulate acoustic parameters of rooms, which are
based on statistical models and the use of ray tracing
and image source methods, require sound absorption
coeﬃcients as input parameters in the calculations. In
concert halls and similar rooms, the auditorium constitutes an element with the greatest acoustic absorption and thus has the greatest eﬀect on room reverberation conditions. This was conﬁrmed by research
conducted by Kamisiński (2010), who presented the
result of simulation of acoustic parameters of concert halls for diﬀerent sound absorption coeﬃcients
of the auditorium chairs. Therefore, to determine appropriate values of the sound absorption coeﬃcient
of an auditorium it is essential to increase the precision of prediction of acoustic parameters of a given
interior.
Sound absorption by an auditorium has been studied among others by Beranek, Davies and Bradley, who

revealed a number of problems that occurred during
the measurements. The arrangements of seats in an auditorium is a spatial structure in that the large number
of protruding edges increases the absorption of the entire auditorium as compared to the absorption capacity of a single seat. The research conducted by Pilch
(2011) and Kamisiński et al. (2012) on sound diﬀusers
showed that sound absorption by spatial structures depends on their material properties and geometry, especially at low frequencies.
The existing method of measuring the sound absorption coeﬃcient in a reverberation chamber in accordance with the standard (ISO, 2003) allows for a
measurement to be performed on up to 24 seats, which
represents a small proportion of the number of seats in
concert halls ranging from several hundred to several
thousand. Also, the seats in the auditoria are arranged
in various patterns with diﬀerent numbers of seats per
the surface area and diﬀerent auditorium proﬁles or
arrangement of blocks.
The research conducted by Beranek (1969) in different rooms showed that the sound absorption of an
auditorium is proportional to its surface area. He also
suggested that in order to calculate the absorption coeﬃcient, the surface area of the block should be increased by a strip of 0.5 m around it in order to take
into account the eﬀect of sound absorption by the side
surfaces.
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Davies et al. (1994) presented in their paper
a method for determining the sound absorption coefﬁcient of an auditorium with and without the use of
screens covering the side surfaces of the sample, which
made it possible to determine the eﬀect of the side
surfaces on the sound absorption by the auditorium.
A similar measurement method is set forth in the standard (ISO, 2003), according to which the sound absorption coeﬃcient is determined for a sample with reﬂecting screens. This method, however, does not take
into account the eﬀect of sound absorption by the side
surfaces.
Note though that Bradley (1992; 1996) showed
in his papers that the sound absorption coeﬃcient of
an auditorium block is linearly dependent on the ratio of the sample perimeter to its surface area. In this
method, the relationship (1) was used, which was earlier derived for ﬂat samples.
 
P
α=β
+ α∞ ,
(1)
S

distance between the rows of 0.90 m. The surface area
used in the calculations was taken as a projection of
the auditorium block on the ﬂoor. The sound absorption coeﬃcients for each frequency band were used to
determine the regression coeﬃcients. Then, substituting the calculated values of the coeﬃcient into formula (1), the dependence of the sound absorption coeﬃcient of the auditorium on the size of the block was
determined for each frequency band with a width of
one octave.
The relationships discovered made it possible to
extrapolate the absorption measurements for small
blocks of seats to block dimensions of real halls and
to areas of inﬁnite dimensions. Figure 1 shows that
for small P/S values the sound absorption coeﬃcient values are also small, which is due to the fact
that in blocks with large surface areas the eﬀect of
sound absorption by side surfaces of the auditorium is
smaller.

where α is the absorption coeﬃcient of the auditorium
block with perimeter P and surface area S, β is the
regression coeﬃcient, and α∞ is the sound absorption
coeﬃcient of a surface of inﬁnite dimensions.

2. Description of the study
The measurements of the sound absorption coeﬃcient were conducted in a reverberation room. The reverberation times were determined by integrating the
impulse response. The absorption coeﬃcient was calculated from the formula given in the standard (ISO,
2003) for 1/3 octave bands and then averaged to obtain
values for 1/1 octave bands.
The study of sound absorption using the method
presented by Bradley (method 1) was carried out for
three types of empty seats and for two types of occupied seats. Table 1 contains details of the design of
the seats studied. For each type of seats, the measurements were performed for ﬁve arrangements of auditorium blocks with diﬀerent P/S values and a constant

Fig. 1. Sound absorption coeﬃcient α of seat 2 as a function
of the perimeter to surface area ratio P/S.

Table 1. Design of the seats.
No.

Chair element

Seat 1

Seat 2
Solid wood

Seat 3

1

Main structure

Solid wood,
15 mm plywood

Steel pipes,
12 mm proﬁled plywood

2

Seat

120 mm PU foam,
50 mm PU foam,
polyester fabric upholstery,
polyester fabric upholstery,
10 mm plywood at the bottom fabric at the bottom

15 mm PU foam,
polyester fabric upholstery,
12 mm proﬁled plywood

3

Back rest

50 mm PU foam,
polyester fabric upholstery,
10 mm plywood at the back

30 mm PU foam,
polyester fabric upholstery,
fabric at the back

15 mm PU foam,
polyester fabric upholstery,
12 mm proﬁled plywood

4

Chair dimensions 500×570×920
(W×L×H) mm

510×560×840

620×570×840
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Figure 1 shows the dependence of the sound absorption coeﬃcient on the P/S ratio for seat 2. The
study was conducted for P/S values ranging from 1.30
to 2.60, whereas the P/S values of the average auditorium blocks in performance halls most often fall within
a range from 0.30 to 1.00.
The sound absorption coeﬃcient was also studied
using the second method in which the absorption coefﬁcient was measured for samples mounted in a corner
of the reverberation chamber (method 2). A reﬂecting
frame with a height the same as that of the sample
studied screened the sides of the sample. The frame
was intended to reduce the eﬀect of sound absorption
by the side surfaces of the sample. The method of the
sample mounting was similar to the assembly of type J
as speciﬁed in the standard. For the calculation of the
sound absorption coeﬃcient, the same sample surface
area was adopted as in the ﬁrst method, i.e. the projection area of the block on the auditorium ﬂoor. The
study of seats with spectators was performed for seats
1 and 2, whereas the study without spectators was performed on all three types of seats.

3. Results
The relationships determined by the ﬁrst method
were used to determine the sound absorption coeﬃcients of the auditorium of an inﬁnite surface area. The
absorption coeﬃcient results were then compared with
those obtained by the method employing the reﬂecting frame. Figures 2 and 3 show the sound absorption
coeﬃcients with and without audience.

Fig. 2. Sound absorption coeﬃcients determined by two
methods for seats with audience.
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Fig. 3. Sound absorption coeﬃcients determined by two
methods for seats without audience.

As seen, the absorption coeﬃcients determined using these methods have similar values. Hence, it can be
concluded that both methods used in the study make
it possible to eliminate the eﬀect of sound absorption
by the side surfaces and to determine the absorption
coeﬃcient of an auditorium sample of inﬁnite dimensions.
In order to simplify the procedure and reduce
the number of measurements, the absorption coeﬃcient can be measured for two conﬁgurations of the
sample. The measurement on the sample with a reﬂecting frame can be used to calculate the absorption coeﬃcient of an auditorium of inﬁnite dimensions (P/S = 0), while the measurement conducted for
a sample of the same arrangement and dimensions, but
without the reﬂecting frame around and positioned in
the middle of the reverberation chamber, provide the
sound absorption coeﬃcient of an auditorium block of
known dimensions and a given P/S value. Then, for
each frequency band, a linear Eq. (2) connecting the
two points with known values of the absorption coeﬃcient α and known P/S values is determined, as shown
in Fig. 4.
The resulting equations allow determining the
sound absorption value α1 for auditorium blocks of any
size according to Eq (2).
 
P
α1 = β1
+ α∞1 .
(2)
S
To enable the use of the obtained sound absorption
coeﬃcients as input data for the model of the acoustic parameters of the room, the absorption coeﬃcients
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of an empty auditorium, the value of h is taken to be
equal to the height of the seats, whereas in the cases of
an occupied auditorium, this value equals 1.2 m, which
corresponds to an average height of a seated person.
The graphs in Figs. 6 and 7 give the values of the
sound absorption coeﬃcient for the side surfaces of the
tested seats with and without audience. They are the
average absorption coeﬃcients of all side surfaces, i.e.
of the front, back, right and left ones. As seen, these
values are lower than that for the top surface of the
auditorium block. This is primarily due to the low absorption of the side surfaces of the auditorium blocks.

Fig. 4. The sound absorption coeﬃcients and P/S values
used to determine the β1 coeﬃcients.

must be determined for the top and side surfaces of
the auditorium sector as shown in Fig. 5.

Fig. 5. Absorption coeﬃcients of the top and side surfaces
of a model of the auditorium block.

Fig. 6. The absorption coeﬃcient values αb for side surfaces
of the auditorium block with an audience.

The results of the study show that the absorption
coeﬃcient of the top surface of the auditorium block
has values similar to those of the sample of inﬁnite
dimensions, whereas for the side surfaces of the auditorium, the absorption coeﬃcient can be determined
using formula (3):
Sα1 = Sα∞1 + Sb αb ,

(3)

where S is the surface area of the block projection on
the ﬂoor, Sb is the total side surface, α1 is the total
sound absorption coeﬃcient of the block, α∞1 is the
absorption coeﬃcient of the top surface and αb is the
sound absorption coeﬃcient of the side surfaces. After
transformation, the absorption coeﬃcient of the side
surfaces can be determined using the formula
αb =

β1
,
h

(4)

where β1 is the slope of the line for a given octave and
h is the height of the auditorium block. In the case

Fig. 7. The absorption coeﬃcient values αb for side surfaces
of the auditorium block without audience.
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4. Validation
The method to determine the sound absorption coeﬃcient of the auditorium block presented in this article was validated by comparing our values of the regression coeﬃcients β1 and the absorption coeﬃcients α1
with the coeﬃcients β and α obtained by the Bradley’s
method (method 1).
The comparison (Fig. 8) showed that the greatest
diﬀerences between the regression coeﬃcients β and β1
occur in the 125–250 Hz frequency range where they
exceed 0.15. For higher frequencies, the diﬀerences are
smaller and do not exceed 0.10. The coeﬃcients α and
α1 were also compared in order to assess the eﬀect of
diﬀerences in the regression coeﬃcients on the sound
absorption coeﬃcients of the entire auditorium. The
comparison was made for an auditorium block with a
perimeter to area ratio P/S ranging from 0.30 to 1.00,
which corresponds to the values most commonly encountered in performance halls. The sound absorption

487

coeﬃcients were determined on the basis of Eqs. (1)
and (2). To compare the results, the relative error δα
was calculated according to Eq. (5)
δα =

α − α1
· 100%,
α

(5)

where α is the sound absorption coeﬃcient of the
auditorium block obtained by the Bradley’s method
(method 1), while the absorption coeﬃcient α1 was
determined using method 2. The results of the absorption coeﬃcients are compared in Figs. 9 and 10.
a)

a)

b)

b)

Fig. 9. Relative error for occupied seats at diﬀerent values
of P/S : a) seat 1, b) seat 2.

Fig. 8. Diﬀerences between the regression coeﬃcients β
and β1 for seats: a) occupied, b) unoccupied.

The comparison of the sound absorption coeﬃcients determined by the two methods showed that
at frequencies above 250 Hz the diﬀerences do not exceed 10% for the occupied or the unoccupied seats. The
greatest diﬀerences were noted for unoccupied seats at
low frequencies, 125 Hz and 250 Hz, and small P/S
values, where the error δα is over 80%. For occupied
seats the largest discrepancies do not exceed 25%.
The diﬀerences between the regression coeﬃcients
β and β1 have a direct eﬀect on the sound absorp-
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a)

This problem occurs in all methods of measurement
carried out in reverberation rooms.

5. Summary

b)

The results of the sound absorption coeﬃcient of
seats determined by two methods presented in this paper showed that both methods yield similar results at
frequencies above 250 Hz. This made it possible to
propose a method to determine the absorption coefﬁcient of an auditorium block of any dimensions based
on two measurements of the sound absorption coeﬃcient. It allows also to determine the sound absorption coeﬃcients of the side surfaces of the block, which
makes them applicable to acoustic models of rooms.
The methods used to this point do not take into account the sound absorption by the side surfaces of the
auditorium, as they do, for instance, in the method
presented in the standard; or, as the Bradley’s method,
they require at least ﬁve measurements of the sound
absorption coeﬃcient. The method presented in this
paper is similar to that used by Davies, which requires
three measurements of the absorption coeﬃcient and
employs diﬀerent values of the sample surface area in
calculations.
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