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ABSTRACT

The optimal reverberation time in a multi-purpose hall varies depending on the intended use

(lecture, performance, etc.) and the type of performance (classical, musical, Korean traditional music,

theater, etc.). In this study, devices for adjustable reverberation time (RT) were proposed. Sound ab-

sorption coefficients of four developed prototype devices in absorption and reflection modes were

measured in the reverberation room according to the KS F 2805 and ISO 354. Additionally, to ver-

ify the variation range of RT developed device with the best reflection coefficient was installed in a

small music practice room, and the variable range of RT was predicted and reviewed using a simu-

lation tool. The results show that the sound absorption coefficient of device module-3 in absorption
and reflection modes were 0.94 and 0.17 at 250 Hz, and 0.85 and 0.13 at 500 Hz, respectively.

Additionally, the predicted results of the variable RT range between the two modes in an existing

music practice room were 0.58 and 0.56 sec, at 250 and 500 Hz in octave band, respectively. An ap-

plication of this is wusing developed devices in a multi-purpose hall for optimal reverberation

environment.
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Finish molding
installation

Structural frame Assembly of variable
installation reverberation time device

I

Fig.2 Schematic diagram of installing the developed
device for variable reverberation time
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Table 1 Specifications of a reverberation room

e | e e
Shape Amorphous heptahedron
Volume 209.7 m*
Surface area 203.9 m?
Diffuser Ceiling type diffuser 15 m?

Fig. 3 Measurement of sound absorption coefficient in
reverberation room
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9T MDF Perforated Board (2 Layer) )-Movement
9T MDF Perforated Board (3 Layer)

9T MDF Perforated Board (1 Layer)
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|
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Fig. 4 Details of the base module
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(b) Reflection mode
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Fig. 5 Shape of the absorption mode and reflection mode

Table 2 Specifications of case 1~3

Perforated
plate Sounfl Thick- | Composi-
Case| Mode > absorbing .
(opening materials | €SS tion
ratio %)
1 Absorption )
mode
MDF
Reflection | 9T/450 kg P.E
2| mode | (11%) | s0T/4sk |144mm -
x3Ply
3 Reflection 16 screws
mode

Table 3 Absorption coefficient of sound-absorbing
material

Sound-absorbing

X 125 Hz
materials

250Hz | 500 Hz | 1kHz | 2k Hz

Polyester

50mm 4sk | 016

0.42 0.69 0.93 0.99

Polyester

so0mm 64k | 13

0.45 0.79 1.06

Glass wool

so0mm 64k | 022

0.77 1.10
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Fig. 6 Comparisons of sound absorption coefficient
between case 1~3
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(b) Complex type
Fig. 7 Photos of prototype devices
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(b) Wooden type

0.8T Steel plate (1 Layer)
15T MDF Perforated Board(2 Layer)-Movement
0.6T Steel plate (3 Layer)

1000
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Fig. 8 Details of the developed devices
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Table 4 Specifications of module 1 ~4

Mod |OPU08| perforated | SOUPd | ok Composi-
—ule ratio ki absorbing — o
(%) materials
PE
1 9.8 MDF
50T/45K
OT4SOkg [ =100 mm Wt‘;‘;‘len
x3P1 :
2| 153 Y| sotieak
3 08 Complex
T o o
Steol 0.6T | SOT/64K (metal+
4 12.9 . wooden)
AR A#Re AWbE o g THEA Fol| A ol A}
&3t e el DEA7E nhtE o] 9lE MDF 9T
Eladt FREAE) e 1 FATF GRS steel plate

0.8 T(EFENDE 271 o2 aefsloi(Fig. 7) EFY
270 BE, 470 ‘:’?-_Fe AlAbste] F5 B WA R
CAlE AFsle 5 A4S st e
A HE > Fig. 8% &3l b, =4 ESlel &
E 1~2% MDF EFZ# 9T 3302 HAAZ 3ol
ESHELQICl BE 3~ 43 steel plate 0.8T + MDF 15T
+steel plate 0.6TZ HAZ F22 FA3I%lh
~45 o RE FEES 54 4 A8

E}. f\lnd A7) 4 A WA 10m? ~ 12 m?
A0l 43I EE ZE 1.0mx 1.0m3A7]E 127] A
212 m*)3Fle.

BE 1~29 B3 9+4-& MDF 9T/450 kg 2.2
sU&ta g e 77 9.8 %9t 153 %R
TSR e, Wi S8 FeAle ZejddlaH H

R 4 BE 1S 50T/45K S 2 50T/64K
olvf XE F71E 100 mmZ 3},

BE 3~4 B NS 44 9.8 %%t 12.9%
2 FAsIlem, U 238 F5AE a8k
2 4L 50T/64K0H 5 75 80 mm= o}Oﬂt}

(Table 4).
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Table 5 Sound absorption coefficient for absorption
mode and reflection mode (Module 1 ~4)

1/1 octave band center frequency
Module-1
125 Hz|250 Hz| 500 Hz | 1 k Hz | 2k Hz |4 k Hz
Absorption| 34| ggg | 056 | 032 | 036 | 0.59
mode
Reflection | ) | 017 | 017 | 022 | 025 | 039
mode
Gap 0.14 | 071 | 039 | 0.09 | 0.11 | 0.20
1/1 octave band center frequency
Module-2
125 Hz|250 Hz| 500 Hz | 1 k Hz | 2k Hz |4 k Hz
Absorption| 55 | 6g7 | 081 | 050 | 0.54 | 0.73
mode
Reflection | 31| 935 | 029 | 029 | 035 | 046
mode
Gap 002 | 055 | 052 | 021 | 0.19 | 027
1/1 octave band center frequency
Module-3
125 Hz|250 Hz| 500 Hz | 1 k Hz | 2k Hz |4 k Hz
Absorption| 55 | 694 | 085 | 050 | 027 | 0.29
mode
Reflection | 5 | 17 | 013 | 011 | 012 | 007
mode
Gap 007 | 077 | 072 | 039 | 0.15 | 0.22
1/1 octave band center frequency
Module-4
125 Hz|250 Hz| 500 Hz| 1 k Hz | 2k Hz |4 k Hz
Absorption| 57 | 090 | 094 | 0.66 | 036 | 0.34
mode
Reflection | 59 | 023 | 0.16 | 012 | 0.12 | 0.08
mode
Gap 0.02 | 067 | 078 | 054 | 024 | 026
1.2
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1 ,A’,”IA ‘e
H s
£ 08 L *
2 i A . 4
c A/ 4
o P * * A
£ 06 g P _‘
3 L Nt s
5 04 A A
§ | 4" Saat
0.2 "
0

125 250 500 1k 2k ak
Frequency [Hz]

Fig.9 Comparisons of sound absorption coefficient
between module-1 and module-2 for absorption
mode
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Fig. 10 Comparisons of sound absorption coefficient
between module-1 and module-2 for
reflection mode
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Fig. 14 Comparisons of sound absorption coefficient
between module-1 and module-3  for
reflection mode
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Fig. 15 Measurement points of reverberation time in
music practice room

Table 6 Reverberation time in music practice room

Frequency (Hz) | 125 | 250 | 500 | 1000 | 2000

Reverberation time | 0.49 0.54 0.48 0.53 0.52

Fig. 16 Computer simulation model

Table 7 Simulation driving conditions

Input variable Set value
Number of late rays 1000
Max reflection order 10 000

Impulse response length 1200
Humidity 50 %

Active surface area 324 m?
Estimated volume 314 m’

o= &S xS 7ML Qe AoE YEET
A A AlEdeld 2= 1% (odeon com-
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Table 8 Absorption coefficients by finishing material
(before improvement)

Divisi Finishing material sy ()
ivision i, (i)
125 | 250 | 500 |1000 | 2000
Terrazzo
Floor (artificial 90 |0.01]0.01 |0.020.02]| 0.02
stone)
Gypsum
Ceiling board/paint 8 [0.15]0.08 |0.07 | 0.05]| 0.06
Tectum board| 82 |0.08 | 0.11 |0.18 | 0.35| 0.36
Gypsum | 557115 | 0.08 | 0.07 | 0.05 | 0.06
board/paint
Wood
perforated
Wall plate 73.81/0.45|0.31 | 0.31{0.30 | 0.30
(no absorption|
board)
Steel door | 1.89|0.29 | 0.26 | 0.13 | 0.08 | 0.07
Glass 12.6 | 0.01 | 0.02 | 0.02 | 0.02 | 0.03

Table 9 Absorption coefficients
(after improvement)

by finishing material

Divisi Finishing material LirzgeTey (67)
1vVision /area (1’1’12)
125 | 250 | 500 | 1000|2000
Terrazzo
Floor | (artificial | 90 |0.01 | 0.01 |0.02|0.02|0.02
stone)
Module-3 025|098 |0.75| 0.5 |0.27
(absorption) 173
Module-3 023 0.16 [ 0.13 ] 0.11 | 0.13
o (reflection)
Ceiling G
YPSUM | 4471 0.15 | 0.08 | 0.07 | 0.05 | 0.06
board/paint
Molding
(MDF/film) 8.0 [0.15]0.11[0.10| 0.07 | 0.06
Gypsum 1 96 4 1 .15 | 0.08 | 0.07| 0.05 | 0.06
board/paint
Module-3 025|098 |0.75| 0.5 |0.27
(absorption) 4055
Module-3 '
Wall | (e flection) 0.230.16 [ 0.13 | 0.11 | 0.13
Molding
(MDF/film) 5.8 [0.15]0.11 | 0.10 | 0.07 | 0.06
Steel door | 1.89 | 0.29 | 0.26 | 0.13 | 0.08 | 0.07
Glass 5.4 10.01(0.02]0.02]0.02]0.03
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