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Fig. 1.2 Concertgebouw Grote Zaal [2].
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Fig. 1.3 Symphony Hall interior [3].
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Fig. 1.4 The old Sogakudo seen from the outside[33].
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Table 1.1 OO0 O0OO0OO0OO0OOOO [46]00000Typicalrangel DO OO0 O OO0
25,000m® 0000000000000D0000000000O000000D0O000

00m
Acoustic Single number  Just noticeable Typical
quantity freg. ave. [Hz] difference (JND) range
T30 Or Tog [S] 500 to 1k - -
EDT [s] 500 to 1k Rel. 5% 1.0;3.0
Cgo [dB] 500 to 1k 1 —5;+5
G [dB] 500 to 1k 1 —-2;+10
LF 125 to 1k 0.05 0.05;0.35
ST, [dB] 250 to 2k Not known —24; -8

Tablel.2 0000000 OO0OOO0OO [Bl000C00*0 Tablel. 10O OOOOO

ooooooomm

Acoustic
quantity

Chamber music

(less than 700 seats)

T30 or Ty [S] (occupied)

EDT [s]

Cso [dB] (500 to 2kHz)

G [dB]
ST, [dB]

1.6;1.8
1.9:2.3
—2.0;42.0
10; 14
> —12
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Fig. 2.1 The old Sogakudo seen from the stage[33].

W

Fig. 2.2 The old Sogakudo seen from the seat.
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Fig. 2.3 Main building of Tokyo Music School[33].
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Table 2.1 A chronological table of the Sogakudo’s history[40].

0 o ooo

18900 50 [0O00O0OOO0OOOOO0ODOObOOoOobOObDOobOoOon

19280 90 0000 00O0OO0O00OOOoO0ODOoOObDbOOoOObOOoOO

19720 100 OOOOOOOODOOOODOOOODOOODOOOOOOOOOD
gooboooobbooon

19790 100 OOOOOOOODOOOO0ODOOOUODOOOOOOOOOOOOOO0
gobbobooooboboooobooood

19800 20 0OO0ODODOOODOOOO

19800 30 000O0OO0O0DOOOOd
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19810 70 0OO0O0O0O0O0OODOOOOOOODOOOOODODOODOOODOO

19820 10 0O0O0O0OO0ODOOO0OO0OO0ODOO0ODO0OOObOObDObOOObOODObDO
gobobboooobbbooooboboooooooboooooon

19830 20 QOO0ODOOOODOOOOODOOOODOO
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19840 60 O0O000DOO0ODODOOOOOOOOO0
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19850 40 0O0O0OODOOOOOOODOOOODOODODOOOD
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Table 2.2 Changes of the stage shape with renovation.

oooo* o000 00O [m] OO[m OO[m] OO
oooo 18900 50 120 1.5 6.8 0.76 *2
100 18960 O 39(24) 6.8(6.8) 0.76(0.39) *3
200 18990 O 5.1 6.8 0.76 *4
300 19010 0 6.7 7.3 0.8 *5
400 19020 0O 7.3 9.0 0.8

500 19050 O 7.3 14.2 0.8

— 191500 7.3 14.2 0.8 *6
- 19280 7.3 14.2 0.8 *7
600 19320 7.85 16.17 0.8 *8
700 19540 0 9.75 16.17 0.8

800 19590 11.65 16.17 0.8 *9

*l0000000000000 1000000.

*2000000300000a0.

“00000000000000
*“100000000000000000000000000O000O00O00O 46cm
00000000000000000000000000000000000000
000 30cmO 00

000000000 4cmO000000000O00O0O00O0O0OOO0O0 2mO0O0O
“ 00000000 00000000000 2000000000,
”DD&EDDDDDDDDDDDDDDDDDD

SO000U00000000oooon
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Fig. 2.4 Change of the stage shape with renovation[33].
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Fig. 2.6

Scene of the stage before the Sogakudo is dismantled and reconstructed[33].
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Table 2.3 Material of interior.
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Fig. 2.7 Vault of ceiling. Fig. 2.8 Panel board under vault.

Fig. 2.9 Central partin beam. Fig. 2.10 An ventilating opening.
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Fig. 2.11 Pipe organ of stage.

Fig. 2.12 Console of pipe organ and a cembalo

Fig. 2.13 Braces in the upper part of sidewall
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Fig. 2.14 Windows of sidewall.
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Fig. 2.15 Door to seats. Fig. 2.16 Door to stage.
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Fig. 2.17 Chairs of audience area.

Fig. 2.19 A heating apparatus. Fig. 2.20 The stairs to stage.
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Fig. 3.2 A model displayed with AutoCAD.
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Table 3.1 Absorption Coefficients in this analysis.
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Fig. 3.4 An analysis model of the old Sogakudo(Case 6).
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Fig. 3.5 Change of the stage shape with renovation[33].
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Table 3.3 Reverberation time obtained by the Eyring-Knudsen formula [s].

Freq.[Hz] 125 250 500 1k 2k 4k

Case 6 096 1.09 1.0/ 105 1.00 0.94
Case 0 1.08 123 124 122 115 1.06
Case 5 1.02 116 113 111 1.04 0.97
Case 8 092 102 1.03 1.03 097 0.89

Table 3.4 Reverberation time obtained by a geometrical acoustic program [s].

Freq.[Hz] 125 250 500 1k 2k 4k

Case 6 1.06 120 114 114 1.05 0.99
Case 0 122 134 137 131 125 113
Case 5 114 129 120 118 117 1.03
Case 8 1.04 113 108 1.09 1.04 0.96
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Table 3.5 Difference of conditions among cases.
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Fig. 4.9 Measurement situation (Close: Screens and curtains is set up).



040 0000000000O00O00O00O0O0

Measurement PC Sound level meter
(Measuring software build in) ONO SOKKI [ +——0
Dell Latitude C400 LA-1350

Docking station
Sound level meter

Dell C-Dock || < ONO SOKKI | +—%0

LA-1350

Power amplifier Speaker

Briel&Kjeer 2716

Briel&Kjeer
4296

Fig. 4.10 Measurement system 1 (for impulse response).

Speaker
(Speaker unit: BOSE 109638K)

Power amplifier
Lab gruppenn

ﬁ iP-450
Measurement PC K o O
(Measuring software build in) Cone type speaker

= i

Microphone preamplifier
Briel&Kjaer 4165, 2669

Signal generator & receiver 4ch type microphone amplifier
connected with usb . Briel&Kjeer
Coretex CTX-ME2014 NEXUS 2690 D

A4

Noise generator
Briel&Kjeer
1405

Piston phone Calibration
Briiel&Kjaer 4220 > <

Sound level meter
RION NA-27

Fig. 4.11 Measurement system 2 (for Sound pressure leveb@HJ.



4.3 0000000 61
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m 000 20000000008TI000 0000 Rg. 4110000000000
O0000Fg.4.13000

e 10001200000 OO Speaker unit: BOSE, wide range 3P0 0 0 0 00O
0000000020000 0000Lab gruppenn, iP-45004ch0 000 0O
000 00Bruel & Kjeer, NEXUS 26900 USBO OO0 0OO0OO0OOOOOOOO
00 Coretex, CTX-ME20140 0 00 PCOOOOOOOODOO OO Bruel & Kjeer,
14050 000000o0oog

e J00ID0ODODODOOODOODODOBruel & Kjeer, 4165, 26691 x211 0 O O O RION,
NA-27M 00000000 x200000000Bruel &Kjeer, 4220000 0 0 O
gooog

4.3 O00O0ODOOOO

doboddoooooooooooooooooooooboooooooooooon
O000000000oooOn Typicalrangel DO 0000000 1.4.100000
O000Op.600Tables1.111.21000000000000 “Open"000O00OO0OOO
OO00M*“Clese”" 00 000000000000 O0ODOO0OOOO0O0ODOO0OOOOOOOO
OCOFg. 46 0000000MM210000000000000000000000A0O
O0000000o000ooo “single” 00 Table 1.10 O O O single number frequency
averaging] 0000000000000 OOOOOO



62 040 0000000000O00O00O00O0O0

googgad

000000000000 Table4.1O0OOOO0O £1°CO0000 5% 00000
0000000000000 0000 @46e|J00000ooooooooon

Table 4.1 Temperature and relative humidity at the time of measurement.

TemperaturedC] Relative humidity 5]

ggooboooobooboooon 22.9 72
gogoobogobooboboodon 23.4 70
gooboboooobbooon 234 71

00000 Tse0 Tyl

—_
(9]

) . -
£ 1 \Q‘“O- -
§ ] -‘.O----ON\O“\\\O O
=
205
5 V7]
~ | — Open
| --O- Close

[e)

[ [ [ [ [ [ [
125 250 500 1k 2k 4k 8k single
(500 to 1k)
1/1-oct. band mid-frequency [Hz]

Fig. 4.14 Reverberation time obtained by measurement.

00000000000 Fig.4.14Table4.21 00 0125HzO0000 SINODOOOO
0T,y 0ODDOO0OO0O0D0O0O T5,000000000000000000000500HZ
00000000 4 00000000000000000 Fig.4.15000 0 Fig. 4.15
O0000000000oDoo0oooooggopenoooooooooooooon
O0000000000000000000000000000000 T Table 1.2000



4.3 0000000 63

Table 4.2 Reverberation time obtained by measurement [s].

Frequency [Hz] 125 250 500 1k 2k 4k 8k  single (500 to 1k)

Open 121 117 113 1.09 111 1.04 0.86 1.12
Close 113 101 092 089 0.89 0.83 0.71 0.91
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Fig. 4.15 Range of best reverberation time (500Hz) of various usages [4]and data of the
old Sogakudo.
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Table 4.3 Early decay time{{DT) obtained by measurement [s].

Frequency [Hz] 125 250 500 1k 2k 4k 8k  single (500 to 1k)

Open 108 121 116 1.09 112 1.03 0.80 1.11
Close 090 100 095 0.86 086 0.81 0.63 0.91
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Table 4.4 Clarityl Cso obtained by measurement [dB].

Frequency [Hz] 125 250 500 1k 2k 4k 8k single (500 to 1K)

Open 06 13 23 27 23 28 56 2.5
Close 16 23 32 46 44 49 76 3.9
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Table 4.5 Relative sound pressure level obtained by measurement [dB].

Frequency [Hz] 125 250 500 1k 2k 4k 8k  single (500 to 1k)

Open -98 -88 -110 -11.3 -11.8 -13.7 -13.9 -11.2
Close -105 -94 -111 -121 -126 -149 -151 -11.6
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Fig. 4.35 Speech Transmission Indes7' 10 .

Table 4.6 Speech Transmission Inde&7'10 .

Distance [m] 1 2 4 5 8 10 16 20

Open (center) 0.92 082 066 0.65 0.62 0.61 0.62 0.64
Open (lateral) 0.61 0.62 0.62 0.64 060 0.61 0.60 0.64
Close (center) 0.95 0.86 0.71 0.70 0.66 0.65 0.66 0.69
Close (lateral) 0.65 0.66 0.65 0.68 0.64 0.64 0.64 0.68
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Table 4.7 Support ST30 obtained by measurement[dB].

Frequency [Hz] 125 250 500 1k 2k 4k 8k  single (250 to 2k)

X0 (Open)  -11.0 -10.7 -12.1 -13.9 -14.7 -13.7 -155 -12.9
X0 (Close) 9.0 -11.4 -146 -155 -16.2 -145 -16.0 -14.4
YO (Open) 7.4 -125 -98 -12.6 -12.1 -133 -19.1  -11.8
YO (Close)  -9.2 -134 -10.8 -150 -146 -148 -21.0 -135

O000000000000CperO00 X0O 125HzO000000O0O0DOOOOOO
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Analysis of acoustical characteristics of the old Sogakudo, Tokyo Music School:

Effects of architectural factors and renovation
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Table 1: Difference of conditions among cases (renovative factors).

Case 0 1 2
FEOIZIR (Fig.2 2H) 44 8 [ H ehefisiig 6 [A1 F defEiy
EREE VA=V A4 ANIT ANA
PR ey =T =T
BRI by WET > 7 A ey
AT ¥ [m’] 2,138 1,969 2,005
FHRE S [m] 1,307 1,264 1,270
7 Tab1¢ 2: Difference of conditions among cases (architectural factors). 7
Case . org " highCeil  midCeil  lowCeil : 10deg  30deg : noDiff : noWin
K& [m] 545 745 5.88 545 ¢ - .
vr—ibh L A I fie oo A
mORMEEAE o0 1 - 10° 30° : -
%= A R - - - - - s
AFE ¥ [m’] 2005 | 2,631 1,986 1,786 1,957 1,860 | 2005 | 2005
SRS [m] 1270 1,390 1,259 1223 1,246 1,181 1,240 1,270
IEERIE ORI, AR 6 D
BRI m (A 21
0), ¥zld2m (r—=1, 2) & § D/EI—EI—E\E\D B/E\’E\E\E'\D
Ui (g ). ZHcovTl, 5] . o Y & O 8T8y -
< 1. (e ) .S T e
RV OXFELZZBRE L, A—L 2 R —=— Case0
N S @ C 1
W73 D R OB LA e Eyring-Knudsen Ty _? . szz 2
60~65 /5 Cm 7V v I, @& 12~ 0.5 —m——— —
m) ZEET7-. 125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
1/1-oct. band center freq. [Hz]
. Fig. 4: Reverberation time obtained by the Eyring-Knudsen formula and a
42. R L E5 geometrical acoustic program.
PRSP 7B R O BE TR i M
= vasde 1 i Z
(Eyring-Knudsen) LARHTAE (I : Sy 77 VISR ATRORIEN LTS 52 B

i) % Fig. 4 (TR, ERRHATE EmE L D
REWHLOD, r—AMOBRTIUL TS, K

FASRE SWEMPBID D720 —2 0 Db RE <,

T MR TR T CTREIHR N 2o T 8B R
b,

Cy 7 —AD 500Hz H##18lZ351F % Cy % Barron’s
revised theory (2 & 2 Bl & M Fig. 5 1R
ZC, center |FEMEHIHZ, lateral | igﬁ%{ﬂlﬁ*ﬁ%
#71 (Fig. 8 B2). 7 —2 0 THEMEIZ L~
(SR E <, R Pl LIS IR B AN
(SN —A 1, 2IZHARTHREV. ZhudtA 7

2.

G %/r—AD 500Hz #8215 G % Barron’s
revised theory (2 & 2 FHFmfE & M2 Fig. 6 ITRd. W
FTNOr—A b HEEA T El> T, 7—
A O CIHEEEREB AR E <, Cy [FHRERE R T
r—2A1, 2 KO REREL2STND.

LF #/7—A® 500Hz #3802331F 5 LF % Fig. 712
Y. BB L ST —2 0 THEDV NS <72
STEYD, CoM&kNG BRENT EMATNG D
BTN EDEs T&E 5.

YA ouT~DEE VA7 0T7~vOEEZTHN
5728, Fig. 8 IR B AUZERE LT BEHRD 9 b,



10
] Case 0 ] Case 1 ] Case 2
— 5 - 1. % - ele) =
5% |%§w-;>|»5 AP T1 S f o
S 000 0 ] 0% ] o ®0
S 0 - .
1 1 —— Barron
i B audience area (center)
E E O  audience area (lateral)
- 5 T U T U T T
0 10 20 30 0 10 20 30 0 10 20 30

Distance between the source and receivers [m]

Fig. 5: Cg for 500-Hz octave band obtained by Barron’s revised theory and a geometrical acoustic program.

20
] Case 0 ] Case 1 ] Case 2
1 . ] ]
/M i i
3, i ]
© 10 © 3 ]
Barron © Co E 1
B audience area (center) °©
5 O audience area (lateral)
T T T T T T
0 10 20 30 0 10 20 30 0 10 20 30

Distance between the source and receivers [m]

Fig. 6: G for 500-Hz octave band obtained by Barron’s revised theory and a geometrical acoustic program.

40 . 1
1 Case 0 1 Case 1 o {1 Case 2
30 o . B 0%
] O ] ]
- 0 %0 ] 80 09 QS' | 9
° ] o 1 o°
£90 1 @0083 | cl pg L £>9 . n!ss)
= 1 ] u c!
- F Q. ﬁ | . ] i f' Ele,
10 . 3
1 ] ] B audience area (center)
0 ] O  audience area (lateral)
T T T T T T
0 10 20 30 0 10 20 30 0 10 20 30

Distance between the source and receivers [m]

Fig, 7: LF for 500-Hz octave band obtained by a geometrical acoustic program.

YA raT~ (r—=A1, 2 TEHA 7 a7 <(ED
BEf) T 1 IRBUH L7 S SRR S B D & 0D
FTHUY b LUTE 728 5 BIORSEEIZ OV T,
80 ms F CTOWHIRAHEE I n = 0.08 ¢S/ 4V = 4.16 =]

(r—R2 OYR) IPOEERNSERE LTz, %
Fig. 9 \TRT. A7 uT~=Dip\r—2R 2 TiIh
A 7 1 TN EOBER DS ORGSO EVE IR
(NESWDIZKIL, A7 aT~DHbr—A20T
IFZFERICEDTHIENKE L, IR I

(center) (52 E RIZIHBUWTEHE THH Z L 3HEGE T
5.

5. BEHUREDS R TRIE
5.1. fEATr— A

IHZE DB DR Z FATE (org : Table 1
D Case 2 ERIL, Fig 32M) L, KfEsLy

IV FOFIE LS HT-H D (lowCeil, midCeil,
highCeil) , ZERRIBED A A2 SH 72 H D (10deg,
30deg), {LHEAHLDZ2NED (noDiff), #ED7e\h
® (noWin) % FEATZIR org & Hied™%. midCeil 13,

org EMHENETELLSRD L OICKFE S RE
L7, SN Table 2 13, AR - =505

NEEIIRTEID Case 1,2 L [FRETH 5.

52. fERLEBL

ATEAFAEE, LLF T3 LC 500Hz ko7 —#
oY B — ADFZERRIORTE (T3 DA
TOVIE EAEWERA) L PR (Eyring-Knudsen)
% Fig 10 (T"9. 7—AIZ X > T3 0.1 L EOTE
BN R OND HOD, A —ARTCOMERIZEERI L T
W5,
RIHOBEN L DHE KamrBbS 8756
O Cy % Fig. 11 12759 (. Barron’s revised theory



IZ R D ERREA AL %) . ENZIEFR U Th D
org & midCeil Z 92 &, FENFNIRTE LU
72 OPEEHE (Barron) (XIZEAERICTHDN, fiE
Ml org DIESEIHALEIZ X HTREV. Ziud
BT DB HAR— U TR B T A (B T &
B [1EVIFHE & BBE L CW D TREM R S 5. —
75, org & lowCeil TlE, AFEAVINEU lowCeil DF%
BIFRENT D00 5T, G DABEIZR X 72350
DRI, ZDZ LD, Cold T +—L hOF
HIZE T, ZOMORIEIBRALLEL T D &
EZ 55, LF % Fig. 12 {7, org Tl
WICHT D LF DMESADT COMEDIX 5o & )N
THHDIZXL, Ust—/L FOIRNZEDMOD 7 —2
TIEHYEOEN LY K& L, MFOEDIES DX
DRIV, ZDZ ENnD, UL MUKHR LF
DOEFNEIZL DR Z24HEATHD AR 5.
£z, Ug—b RORWr— AT D &, K
HBENE EFREHIEHTO LF D3R EVMEHAD
Roih. G % Fig 131”7 U —/L MEL T,
KA E BT G REFEHRE T A2, Hag
EE DTN R OND. ZDZLnn, Ur—L bk
(280 BRI ERE P~ L 0 <R ST
HESAD.
EOREEAREIZ L DB BEAED 30° OBRE
D G % Fig. 14177, 6 ETOME (stage) 1255
B2 &, 300 OEAITHEEHEICI O DOIZXT L, org
(Fig. 13) CIIFERIEL DV EF L KEL 2o TS,
T org DEELHEENTATTH LoD B2 DA,

s ' e 2
[0}
3 /

B =
)
c 1 11 source
8 15 / 19 21

o O oY

E 41 4\§ 45 47
_g__? o (o) (o) (o)
S| = 1 >

Fig. 8: Position of receiving points for counting sound rays.

B A T
S ]
k5 43_
]
PR
5 47 |
LS
SRl SN
5| 2]
2 | I .
5 ]
© 1) I
21 T T
- L L N A
- I N
— 41_ Case 2
S I
g 43 |
Lo T — .
Zo 45_ O not reflected by
5 47 1 the cyclorama
_-§ Tl — I & 1 reflection
51 2 7] O 2 reflections
£ L I ] .
S . [ 3 reflections
© 19_ ] B 4 reflections
21 1 [ 5 reflections
- L B A e
0 50 100 150 200 250

Number of reflections

Fig. 9: Number of sound rays firstly reflected by the

A EORENEER (Fig.2) &6 1.8
BTG ETERL B T _ -
WTHAELSTV BIEV ik g ]
LRHEL TWDAMREMD DD, Co § -
\ZOWTE, WIIEGE ORI g 127 ;
724 org L HAEIERTCIEAK 5 10
EL 2o TEY, LFIZOWTIEKR 0.8

30

¢ Eyring- Knudsen

cyclorama.

Fain

org

VA (R aRA vy el
LBt « BOBEIZLDE
TR RN 55D LF % Fig. 15

|
org
(stage) Ceil

| | | | |
high mid low 10deg 10deg 30deg 30deg no no
Ceil  Ceil (stage) (stage) Diff Win
Case

Fig. 10: Reverberation time obtained by the Eying-Knudsen formula and a

geometrical acoustic program.



10
Jorg ] lowCeil ] midCeil
_ 5] 00 - i ]
g o ] f ] %
s 1 © “®o ] °® ] -
O 0 - -
1 1 1 — Barron
i ] B audience area (center)
E O  audience area (lateral)
-5 L I L B L B B L B B
0 10 20 30 0 10 20 30 0 10 20 30

Distance between the source and receivers [m]

Fig. 11: Effect of the ceiling height on Cg, for 500-Hz octave band obtained by Barron’s revised theory and a geometrical acoustic

program.
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Fig. 12: Effect of the ceiling height on LF for 500-Hz octave band obtained by a geometrical acoustic program.
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Fig. 13: Effect of the ceiling height on LF for 500-Hz octave band obtained by Barron’s revised theory and a geometrical acoustic
program.

Fig. 14: G for 500-Hz octave band obtained by Barron’s
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revised theory and a geometrical acoustic program (30deg). geometrical acoustic program (noDiff).
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Fig. 18: Cy, for 1/1-octave bands obtained by Barron’s revised theory and measurement.
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Fig. 19: G for 1/1-octave bands obtained by Barron’s revised theory and measurement.
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