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Appendix B in SS 25268:2023 - a guide to create good room acoustics in sport halls

Use loudspeakers when you measure reverberation time in sport halls

Jonas Christensson
Delta Akustik, Béstad, Sverige, jonas@akustiker.se

In previous versions of SS 25268 [1], Sound requirements for spaces in buildings, the room acoustic requirement for
reverberation time in sports halls was 1,2 or 1,5 seconds regardless of the volume of the hall. In SS 25268:2023, the
requirement for sport halls is changed so that it’s linked to the volume of the hall. Another news in SS 25268:2023 is
Appendix B, an appendix that provides practical advice, mainly to architects and building contractors, on how to create
room acoustics adapted to the activity in the room.

This article is about a sport hall in Bastad where teachers and students complained about the sound environment. The
municipality had purchased an acoustics report showing that the reverberation time was long at octave band 500, 1000
and 2000 Hz. A building company that had developed a proposal with single absorbers, mounted in baskets, asked Delta
Akustik to review the proposal. After a visit in the hall, a new measurement was made that showed a completely different
result at 125 and 250 Hz. The reason to the different result in the low frequencies was that the first measurement was
made with a sound source that created a very short impulse (like a gun) while the second measurement was made with
loudspeaker and sine sweep. This shows the importance of using sine sweep or interrupted noise to get a correct result in
the low frequencies in sports halls with a volume > 500 m®.

After the second measurement, a new proposal was made according to the advice in Appendix B. The proposal is based
on an impact resistant mineral wool absorber in the ceiling and gap absorbers on two short walls and one long wall from
the floor up to 2.5 meters.

After the acoustic treatment, new acoustic measurements and interviews with staff and students were made.

Introduction

The physical education teachers at an elementary school in Béstad municipality complained about the sound environment
in the sport hall. An acoustic report was made, and a local building company was commissioned to improve the sound
environment in the hall. The floor area in the hall was 42 x 24 m. The height was 8,5 m. The total volume of the hall
including stands and equipment spaces was 9 400 m?
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The sport hall - before renovation.

The ceiling in the hall was partly perforated profiled metal sheets. The walls were dense wood panels from the floor up
to 2.5 m. Above the wood panel were metal sandwich elements. The floor was a sports floor.

According to the sound report, made with a short impulse sound, the hall had following reverberation time.

Measured reverberation time with a short impulse sound

Octave band Reverberation time
125 Hz 1,8 sec
250 Hz 2,2 sec
500 Hz 3,0 sec
1000 Hz 2,8 sec
2000 Hz 2,8 sec
4000 Hz 2,1 sec

According to SS 25268:2023, the reverberation time should be measured according to the measurement standard ISO
3382-2 [2]. According to this standard, the sound source shall produce a sound pressure level sufficient to provide decay
curves with the required minimum dynamic range without contamination by background noise. Therefore, loudspeakers
are recommended in rooms with large volumes. Since the volume is 9 400 m?, I made a new measurement using speakers

and sine sweep.



Speakers used in the measurement.

Measured reverberation time with speakers (sine sweep)

Octave band Reverberation time
125 Hz 2,48 sec
250 Hz 3,02 sec
500 Hz 3,26 sec
1000 Hz 2,83 sec
2000 Hz 2,84 sec
4000 Hz 2,27 sec
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Reverberation time with different sound sources. Before installation of absorbers.

Blue line: with short impulse sound. Red line: with speakers (sine sweep)



Requirements according to SS 25268:2023

SS 25268:2023 sets 2 requirements for reverberation time in sports halls.

One requirement for the octave band 125 Hz, and an arithmetic mean value for the octave bands 250, 500, 1000, 2000
and 4000 Hz.

The requirements depend on the volume of the hall.

Hall volume Requirement - reverberation time
125 Hz 250 - 4000 Hz (average value)
<1000 m? 0,8 sec 0,6 sec
1000 - 12 000 m® (0,7x1logV)-1,3 (0,65 x logV) - 1,35
> 12 000 m? Special investigation is required

For halls with a volume between 1 000 m*and 12 000 m?, the requirements are volume dependent.

For a hall with a volume of 9 400 m?, the requirement is 1,48 sec for 125 Hz, and the average value for 250 Hz to 4000
Hz is 1,23 sec.

Requirement according to SS 25268:2023 Measured reverberation time (sine sweep) | Difference
125 Hz: 1,48 sec 2,48 sec 1,0 sec
250 - 4000 Hz 1,23 sec (average value) | 2,84 sec (average value) 1,61 sec

The reverberation time at 125 Hz is 1 second to long (2,48 — 1,48 = 1,0).
The average value for 250 - 4000 Hz is 1,61 seconds to long (2,84 — 1,23 = 1,61).

To reduce the reverberation time, one needs to increase the amount of sound absorption in the hall.

Sabine's formula (1) describes the connection between reverberation time (T), room volume (V) and sound absorption
amount (A).

T2 Y016 (1)
A

There is a limitation using this formula in room with big volumes, but it will give a hint of how much absorption (A) that
is needed in different octave bands.

The amount of sound absorption can be calculated by multiplying the product's sound absorption coefficient (o) by the
product's area (m?). The absorption coefficient (o) can vary between 0 and 1. Where a 0,8 means that 80% of the sound
energy is absorbed and 20% is reflected, a 0.95 means that 95% of the sound energy is absorbed and 5% is reflected. The
important thing to look at is the reflection coefficient, since we hear the reflection, (a product with o 0,8 reflects 4 times
more than a product with a 0,95). By minimizing the sound reflexes from ceiling and walls the reverberation time will be
shorter. Therefore, it is important to use products with high absorption coefficients and install them on large surfaces.

The added sound absorption amount (A) can be calculated for all octave bands, 125 - 4000 Hz.



Suggestions to improve room acoustics

Sound absorbers are often placed in the ceiling. In sports halls with high ceiling height, it is not enough with only acoustic
ceiling because standing sound waves often occur between hard, flat parallel walls, so-called “flutter echoes”. To avoid
these flutter echoes, sound-absorbing, or sound-diffusing material are required on the walls from the floor and 2.5 m up.
In SS 25268:2023 there is an appendix (Appendix B) that provides the following suggestions.

The walls in the sport hall need sound absorbers on two short walls and one long wall from the floor up to 2,5 m. The
remaining wall area and ceiling surface are dimensioned so that the reverberation time requirements are met.

Sound absorbers placed on walls from the floor are often exposed to physical damage and therefore need to be impact
resistant. For example, slot panels and underlying sound absorbers can be used. Avoid a gap width between the boards
in the range of 8 mm to 25 mm because there is a risk that fingers can get stuck and damaged.

Suggested gap absorber with 3 different board widths (45, 70 and 95 mm).

70 mm mineral wool

l22xas| | 22x70 || 22xss | [22xas|| 22x70 || 22x95 || 22x45]

8 mm 8 mm 8 mm 8 mm 8 mm 8 mm

The boards are installed vertically with a gap of 8 mm.
Recommended air flow resistance for mineral wool is 7.000 Rayl (Pa s/m).

An acoustic transparent fabric is needed between the mineral wool and the boards.

Calculated absorption coefficients for the gap absorber using Zorba (software)

Octave band Absorption coefficient
125 Hz 0,35
250 Hz 0,75
500 Hz 0,65
1000 Hz 0,25
2000 Hz 0,15
4000 Hz 0,10




-

- -

T |

-

-~ 'Y “ '\. |
Fo g | N
. we’
e ® ® 0 @

‘ P - — — -
The gap absorber mounted on 2 short walls and one long wall up to 2,5 m (between dotted red lines)

An impact-resistant mineral wool class A-absorber was installed on the profiled roof sheet with hat profiles. Following
absorption factors have been used in the Sabine calculation.

Absorption coefficients for the ceiling absorber

Octave band Absorption coefficient
125 Hz 0,15
250 Hz 0,60
500 Hz 0,95
1000 Hz 0,95
2000 Hz 0,95
4000 Hz 0,95

Calculated reverberation time — after absorber installation

Calculated reverberation time using Sabine formula (1)

Octave band Reverberation time
125 Hz 1,81 sec
250 Hz 1,31 sec
500 Hz 1,10 sec
1000 Hz 1,14 sec
2000 Hz 1,18 sec
4000 Hz 1,08 sec

The calculated reverberation time at 125 Hz is 1,81 sec, the requirement is 1,48 sec.
The calculated average value (250 - 4000 Hz) is 1,16 sec, the requirement is 1,23 sec.



Measured reverberation time — after absorber installation
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Reverberation time before and after renovation.
Red line: measured reverberation time before renovation.
Dashed black line: calculated reverberation time according to Sabine's formula after renovation.
Blue line: measured reverberation time after renovation.

After renovation, the reverberation time is shorter than calculated at the octave bands 125 and 250 Hz while the
reverberation time is longer than calculated at 1000, 2000 and 4000 Hz.

Summary

The most common reason why teachers and students complain about bad room acoustics in sports halls is long
reverberation time in the low frequencies. It is important to use loudspeakers to measure reverberation time in sport halls
to get a proper result in the low frequencies. Using sound sources with short excitation-time gives results that
underestimate the need of absorption/diffusion in the low frequencies.

The aim with the renovation was that the acoustic ceiling would reduce the reverberation time at the high frequencies and
the gap absorber would reduce the reverberation time in the low frequencies. The gap absorbers are very important in
sport halls because they reduce flutter echo and shorten the reverberation time in the low frequencies.
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Red line: requirements according to SS 25268. Blue line: measured reverberation time after renovation.

Measured reverberation time at 125, 250 and 500 Hz is shorter than the requirement. The reverberation time at 1000,
2000 and 4000 Hz is longer than the requirement.

Interviews with teachers and students confirm that the sound environment has become much better after the renovation.
One teacher who looked for another job because of the poor acoustics in the hall, has chosen to stay after the installation
of absorbers. It’s important to add sound absorption in the low frequencies to improve the room acoustics in sport halls.

The guidelines in Appendix B in SS 25268:2023 can help architects and building contractors to improve room acoustics
in sport halls.
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Measurement of reverberation time after renovation.



