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Early design criteria for multipurpose 
cultural houses

A t ti ti l t d f d h ll d tA statistical study of measured hall data
Anders Buen, Brekke & Strand akustikk as

Anders Buen, 10-12. mai 2010
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Sources - Reference data
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18 chamber music halls

85 concert halls
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Sources - recommendations
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• NBI Handbook 20 ”Room acoustic projecting”
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 B NBI Handbook 20 Room acoustic projecting
• Recommendations from the Council for Musical 

Organizations in Norway (CMON)Organizations in Norway (CMON)
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Measurement positions from A. C. Gade
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A receiver also in the sound 
engineers position
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We use hall averages in this study
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Measured halls
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• 11 multipurpose
• 5 rehearsal- and concert halls
• 3 theatres incl a large ”black box”• 3 theatres incl a large black box
• = 19 halls - 34 data points

Anders Buen, 10-12. mai 2010
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Some definitions
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Some definitions
B

N
A

M
 B • V = hall and scene volume [m3]

• N = Number of seats• N = Number of seats
• V/N = Volume per seat [m3]
• RTM = Mid frequency reverberation time [s]

G L d h d d• G = Loudness, the measured sound pressure 
level in relation to the SPLfree field at 10m [dB]free field [ ]

• AM = Calculated absorption area [m2 Sabine]

Anders Buen, 10-12. mai 2010
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Some hall data averages
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Some hall data averages
T pe hall V [m3] N V/N RT [s] GM AM [m2

B
N

A
M

 B Type hall V [m3] N [m3] RTM [s] M
[dB]

M [
Sabine]

Chamber 4100 530 8 1.8 11 400

“Our” 4900 360 14 1.4 7 600

Concert 20500 2200 10 2.2 4 1500

• Our halls are: 
– less reverberant, in spite of larger volumes per seat and
– moderately loud y

Anders Buen, 10-12. mai 2010
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Measured G versus absorption area, A
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Measured versus expected G
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Measured versus expected G 
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Measured Strength G and volume
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Meas RT and CMONs (Musikkrådets) requirements
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Hall and scene volume [m ]
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NBI 20 and CMON (Musikkrådet) RT requirements
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Hall and scene volume [m3]
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How much variation can be achieved?
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How much variation can be achieved?
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• Larger halls: A ≈ 800m2
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 B Larger halls: A ≈ 800m
• 33% variation from 1,5s to 1 s: 

Needed var abs: 500m2 Sabine = 1000m2 (α = 0 5)– Needed var abs: 500m Sabine = 1000m (α = 0.5)
– Available surfaces: < 700m2

• Our best results: 250m2 and 340m2 Sabine

• Achieveable variation with stage textiles: 
– ΔRT = 0 2 - 0 3sΔRT  0,2 - 0,3s
– ΔG = 1 -2 dB

Anders Buen, 10-12. mai 2010
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Unoccupied absorption per seat A/N
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Volume per seat requirement
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Volume per seat requirement
Halls with stage textiles: Halls with no stage textiles:
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A/N = 1,7 m2 Sabine per seat A/N = 0,7 m2 Sabine per seat

RT ≥ 1.6s -> V/N > 21m3 per seat
Ceiling height: ≥ 15 m

RT ≥ 2s -> V/N > 11m3 per seat

Anders Buen, 10-12. mai 2010
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Conclusions
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Conclusions

• The absorption in halls ith stage te tiles is abo t 1m2

B
N

A
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 B • The absorption in halls with stage textiles is about 1m2

Sabine per seat larger than in halls without

• These halls are less loud at the same volume

• Variations in RT of about 0,2-0,3 s is achieveable. If 
more is needed the stage textiles will need to bemore is needed, the stage textiles will need to be 
removed

• We need investigations into how well the multipurpose 
halls are functioning acoustically

Anders Buen, 10-12. mai 2010
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