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Data collection of room acoustic data for Nordic and Baltic performance halls

Henrik Möller
Akukon Oy/Aalto University, henrik.moller@akukon.com

Since the late 1980: ies, we have done room acoustic measurements in most Finnish and Baltic halls, which
are used regularly for performances. These includes both halls which we have designed, and halls measured
as part of different surveys. The idea for this obviously came from Beranek's books and studies, but as these
are typically larger, concert halls, we wanted date for smaller and more multipurpose halls, which are more
relevant for the conditions in the Nordic and Baltic countries. This data is often used as reference for both
renovations and for new builds. In this paper, the data is presented and the data will also be uploaded to an
open database. It is the hope that similar data sets will be presented for halls in the other Nordic and Baltic
countries.

1 Introduction

The books mainly used by any room-acoustician, are the books of Beranek [1-3] and Barron [4]. If you are from the
Scadinavian countries, you have like also used the books by Gade and Rindel [5-6] and if you are designing venues for
reinforced music, you have most likely used Adelman-Larsen’s book [8]. What all these publications have in common, is
that beside of having some theoretical design guides or theory of room acoustics, they all have large data collections with
acoustic data, and in some case also geometric data, for different venues. This data comes very handy when one is trying
to establish parameters or verify designs for new halls.
The problem has traditionally been that while most of the halls being constructed, at least in northern Europe, are relatively
small and typically multi-function halls, there are very little public data available for these types of halls.
In Finland, about 35 halls with more than 300 seats, were constructed.  The acoustics of most of these halls have been
measured since 2010, partly through a grant from the Theatre Academy of Finland, these results are presented in [7]. The
acoustic conditions in the Estonian concert halls have been investigated by Gerda Kaasik in [9] and the conditions of the
Latvian concert halls have been investigated by Deniss Mironovs and Arturs Perkons (not yet published).

2 Typical data included

Obviously, the most important data to include, is sufficient acoustic parameters to characterize the space. In the books
mentioned as references for this paper, the acoustic data presented is typically:

- Reverberation time
- Early Decay Time
- Clarity measures, typically C80

In some cases, also Strength (G) and Lateral Fraction (LF80) are presented, however the difference of the measurement
procedure and equipment, in particular in earlier measurement, makes the interpretation of these parameters somewhat
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difficult. Also, G is often represented as an average for the whole hall, not as a function of distance which would be more
informative.
Most of the halls are multi-function and will likely have some sort of variable acoustics. It is essential that data of the
acoustic variability is also included in the data.
Also, some geometrical data for the space are typically included, for example plans and long-section of the hall, as well
as a verbal description of the surfaces of the hall, chairs and other acoustically interesting features. .

3 Measurement setup

Typically, the acoustic parameters are measured using an analysed impulse response, measured using the swept sine
method or similar. This is an important distinction, as measurement using interrupted noise can only be used for
reverberation time, not for any of the other parameters, essential to describe the acoustic conditions of the space.
The standard ISO3382-1:2009 gives the basic setup for the measurements in the space, stating that a minimum of 3 stage
source positions and at least 6 audience receiver positions must be used. In the Gade and Rindels survey of the acoustics
of Danish concert halls [5], a clear sketch for the placement of the source and receiver position is given and this should
provide the basic layout for the measurement, adding extra receiver points where necessary.  The source positions on the
stage are given as typical musicians position for a standard orchestra layout;  S1 is the typical soloist position, S2 is in
middle of the right side of strings and S3 is far left in the second row of the winds.

Figure 1: Gade/Rindel placement of source and receiver positions
In general this will give 15 Source receiver points of the audience and 9 source receiver points for the stage.

4 Examples of halls measured

In the following, some examples of halls measured will be presented. These are both actual concert halls without variable
acoustics.
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4.1 Tapiola Hall, Espoo, Finland

The hall is a part of the Espoon Kulturikeskus (Espoo Cultural Center) and was completed in 1989. The hall has 780 seat
in the normal configuration, with an approximate volume of 9200 m3.  The architect for the project was Arto Sipinen and
the acoustic designer was Alpo Halme. The hall is home to the Tapiola Sinfonietta.
The hall has received mixed reviews since its opening, the main problem sited being lack of bass in the parterre and a
uneven sound field in both the parterre and the balcony. Also the conditions for the musicians on stage, have been reported
as problematic, mainly due to lack of hearing each other and weak response from the hall.
Figures 2 and 3 shows the plan of the hall and figure 4 the long section.

Figure 2: Parterre plan Figure 3: Balcony level plan

Figure 4: Long section Figure 5: Short section

Figure 6: Measured reverberation-time and Early-Decay-Time
The Lateral Fraction average (LFE4) is 17,6%, the average C80 (500-1000 Hz) is -2,6 dB and average G (500-1000 Hz) is
8 dB.
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4.2 The Promenadi Hall, Pori, Finland

The Promenadi Hall is part of the Promenadi Centre in Pori, Finland. Apart from the 700 seat Promenade Hall, the centre
contains 5 cinemas. The centre was completed in 1999; architectural design was by architect office Küttner and the
acoustic design was done by Anssi Ruusuvuori and Henrik Möller from Akukon. The Promenadi Hall has a volume of
approximately 10500 m3. The hall is the home of the Pori Sinfonietta.
In general, the hall has received good reviews for its acoustics, the complaints have mainly been concerning the logistics
of the hall and the lack of variable acoustics, making the hall problematic for reinforced events.

Figure 7: Measured reverberation-time and Early-Decay-Time

Figure 8: Parterre plan Figure 9: Balcony level plan

Figure 10: Long section              Figure 11: Short section
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Figure 11: G (500-1000 Hz) as a function of distance
The Lateral Fraction average (LFE4) is 25,3%, the average C80 (500-1000 Hz) is -1,9 dB and average G (500-1000 Hz) is
7.1 dB

5 Summary

The proposal is to make this data publicly available, for instance on the Akutek.info website. This would provide data for
comparison, both for experienced room acousticians but perhaps more importantly for acousticians not that experienced
with room acoustics.
Most of this data has already been published in articles and presentations at conferences. However, the data would be
more useful if it could be found in one collection.
We at Akukon have the data for about 50 halls in Finland, 4 halls in Estonia and 4 halls in Latvia. So, this would be a
good start for a common database.
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