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Directional Distribution of Late Sounds in Concert Auditoria
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Akiko WAKUDA, Hiroshi FURUYA, Kazutoshi FUJIMOTO
and Ken ANAI

Directional late sounds are measured in two multi-purpose halls and two shoe-box type concert halls and

the directional characteristics including distribution of late sound level and the correlation of physical

indices are considered. The results show that in multi-purpose halls the average values of longitudinal,

lateral and vertical late sounds level are -5dB, -6dB and -6dB respectively and in concert halls they are
-2dB, -3dB and -3dB. It is also found that the directional late sound levels decrease with the increase
of source-receiver distance and they correlate strongly with overall late sound level. To try to express

directional late sounds observed by listener, a triangular coordinate based on the normalized directional

late energy ratios is introduced. It shows that the directional late sounds are equally distributed in the

field of high frequency.
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Fig.1 Block diagram of measurement.
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Table 1 Acoustical outline of surveyed halls.

Hall _
name Seats V(m3) V/S(m) RT(s) «
A 1,622 12,167 2.60 1.59 0.23
B 1,780 13,994 3.36 1.45 0.31
C 1,871 17,445 2.51 2.24 0.17
D 1,818 17,302 2.80 1.79 0.22
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Fig.2 Sectional plan of surveyed halls.
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Fig.3 Acoustical parameters of late sound measured at five octave-bands in Hall A.
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Fig.4 Acoustical parameters of late sound measured at five octave-bands in Hall B.
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Fig.5 Acoustical parameters of late sound measured at five octave-bands in Hall C.
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Fig.6 Acoustical parameters of late sound measured at five octave-bands in Hall D.
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Table 2 Range of measured values on late sounds.

(a) Hall A, B (Multi-purpose hall)

Average Minimum Maximum Max.-Min.
(dB) (dB) dB) (dB)
G 3.4 -0.2 6.6 6.8
Glate -0.6 -4.5 2.6 7.1
GGlate -4.7 -7.7 -2.7 5.0
LGiate 6.4 -12.3 -3.6 8.7
VGate 6.1 -18.8 -1.3 17.5

(b) Hall C, D (Shoebox-type concert hall)

Average Minimum Maximum Max.-Min.
(dB) (dB) (dB) (dB)
G 5.2 2.4 8.9 6.6
Glate 2.5 0.4 54 5.0
GGlate -1.7 -3.4 0.3 3.7
LGiate -2.6 -5.2 0.5 5.7
VGiate -3.1 -7.0 0.1 7.1
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Fig.8 Directional late sound level as a function of source-receiver distance in 4 halls. (points and solid
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Table 3 Level attenuation of late sound.

Level attenuation coefficient m (dB/10m)

Hall
Glahe GGnte LGlate VGIBte
A 2.0 2.1 1.4 2.1 2.8
B 2.3 1.9 1.8 3.0 5.7
C 1.7 1.5 1.2 1.7 2.1
D 1.7 1.5 1.2 1.7 1.7
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Table 4 Correlation coefficients between Giate
and directional late energy indices. (**, p<0.01;
*, p<0.05)

Directional late energy level

Hall G
GGlate LGlate VGlate
A 0.96" 0.85™ 093" 0.91"
B 0.94™ 0.97" 0.96™ 0.89™
C 0.98™ 0.95" 0.96" 0.94™
D 0.95™" 0.94" 0.98 0.96™

4Halls  0.90" 0.92" 0.96" 0.76"

Hall Directional late energy ratio
GElate LElate VEate

A -0.42 0.24 0.60
B -0.18 0.77" 0.72"
C -0.59" 0.41 0.73"
D -0.73™ 0.16 0.31

4Halls -0.54" 0.34" -0.11
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Table 5 Correlation coefficients between direc-
tional late energy level and directional late en-
ergy ratio. (**, p<0.01; *, p<0.05)

Hall Arrival direction
Longitudinal Lateral Vertical
A 0.11 0.58 0.87™
B 0.05 0.91" 0.94"
C -0.31 0.63" 0.91%
D -0.46 0.37 0.55"
4Halls -0.16 0.68™ 0.54"

Table 6 Correlation coefficients between direc-
tional late energy ratio and directional early en-
ergy ratio. (**, p<0.01; *, p<0.05)

Hall Arrival direction
2 Longitudinal Lateral Vertical
A -0.38 -0.17 0.83"
B 0.60° 0.50° 0.78"
C 0.43 0.66" 0.33
D 0.57" 0.14 -0.57"
4Halls 0.62" 0.38" 0.39™
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