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Human Sensitivity - Our Great Challenge: Acoustic Design Technology for Halls and
Theaters
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Summary

Halls and theaters are required to produce sound that best fits the stage art performed therein. This characteristic is quite
different from the function universally required of an ordinary building. It is the quality that is given the top priority when
determining the value of the theater or hall. Acoustic design, which aims to make a space sound beautiful, is sometimes
compared to the design of musical instruments. But in reality, there is a great difference between them, which should be clearly
understood if you look at what acoustic design has to deal with. It is “size” and “work period” hat completely differ from
project to project. Furthermore, every project has a new architectural design. The acoustic design process requires a greater
degree of objectivity and consequently has to be supported by science and technology. Takenaka R&D Institute has been
engaged in technical development related to acoustic design of halls and theaters and has applied the technology to actual
projects for many years. Especially the past two decades have seen great advances in technical innovation, and what we
have so far achieved enjoys a decent reputation both domestically and internationally. Our report outlines some of the major
achievements of our R&D efforts and their applications to actual projects.
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Technological development and actual projects relating to acoustical design technologies of Takenaka Research and
Development Institute
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Ray tracing method and image method
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An output example of the sound field analysis, which
indicates sound transmission tracing from a sound
source above the stage to an audience at the middle of
the main floor in a hall
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Rating of concert halls in regard to the acoustical quality
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CENERD, LNICFHIIENE TN XA TIiE, 23 -
HN=T - FRFEE (PG) #FrE, T ¥ —Fh—Lol;
LML LIIZBQUICLLETH L, B, 3T/ - AH
FHE (MS) TRy 7 AE ALy 7a T TCRERERE
CCwWh, 2L, BH% T RTNT 2O A
¥ (Figl5) THAHZ EIZLoT, BHIZAAL 707 TR
ELRFTONTIERELLIENFEREEZ SNTWEY,
BITE, BQUIHT LW EBEHMigIE & Bk s, Ega >

NROBFEFERICBNTY, F—IVOEEHRO— L LT Photo 6 Y77 ¥ FEIR—LOFEE : ~)L1) v - 74 )L
o N—E=— (19634, 2218)
RiE N TWna, A typical surround hall, Berlin Philharmonie (1963, 2218
seats)
0.75
) EiRSo
0.70
a \
I o o
B > ®
g iy oam @ °
f 080 AW
%
e.?’. 055
S ® °
2 050 e
T \e
<] \
@
040 e
GL XA»7a7 \
- — .

BA DS MSTT PG PS VS NM SG LO HsS 8D CC BK

ZEBICNT BIREE OFE
Fig.14 14D FXF7 22O\, BEHIC X 2 8- 12545 Fig.15 WA ZEEIED I 5 ) A5 FHEOCADET )V
BQID 71 v I (Fig.16(ZXfJ&) Plot of BQI vs. quality ratings of A CAD model of a typical horseshoe hall, Teatro Alla
14 opera houses by conductors (in correspond to Fig. 16) Scala in Milan

3 HERGEIOXA

B R —VoOER 7O Y 27 M, BEECHRERMZIMA AN, FEE, BEHRE, RIS 2 &
FEHWIE LK DGHEONADBHEG L, ZNENPEHBEL T LR VOBXZINTWD, iEoT, HFOEE LWV ) D
TREMENZbDZBERL T HT, ALEERREZLATLIEPERE 2D, FERGIEORENIZ ) L2ER
THRNIEDLILETHY, ZO1DITIE, HARBFOBIIHET 24 A -2 EOYHNLBMEICESHRL, FEL
LCHBERN 2 BEZ IR L, REAICEEREINE IS €5 L) GBI 70— 12> T7ay o 7 b 2D
BUEND L. LHOTHBRED O XFRRHAELEL720120F, BEBRIITIE R, R8I0 BRI EIR & #
DDTHb, ZHL7H#Db e, NI THL LT O Y 27 b2, Rl > TZOREFNZ OV TN T %o

3.1 FELBIEF NTBlE
3.1.1 EAREREt
PrENZ B 24P AR OB CHRICHO THEBALART - NI EBAEMO LEZHEHBENE T2
BEBISHER TH Y, ZOHRE T HRTEGE, 4EE L1207 =)V 7 5 ADOFEMREDK D 5 172 (Photo 7)
FRINT ADOHRIE, T—0 v ISOEHEHIA T AN TH D7 4 — CESLHBEIG A T (Fig.15) 2”5
NLERRE, —a—a—20X  aRy & VB EREDL L OFRIEZGO L DRBICRIENG, HE
BIIERTED, AT — VNOBERTIIHEDPEN TN LS, W2 RTINS ShTaz, 22
T, AT APTHOI U —bPR—NVTIEROELVWEZEBLIENTE LY 2— Ky 7 AW (§EF) % MEE
DL LT, MED L YV a=—2FE S ¢ CHERORELZETD, S - BEOFEZ IR T 2
HLWREAEAE L L CET 2 B4 L 72 (Fig.16) .
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FRINT ZADOKOFEITONEBZ DA — 7 A D TEHBEE IV L TS R ERE CRFORFE 22045
km5ﬁﬁ%éo:®tbﬁbw:ykfbtbf 7Ek‘7A 29 60D KR N I = — Mok L 7 a
Yo7 AE R T, TRy NREOEEREDT v SERISED T AT AT T 2 EZE LT (Photo 8, Fig.17).
WERIZIE, COHEREAEEHEMOA Y E—F VA -y F TR b LICEYL, OGS EBEIERTE
BICTIUEL T AN TOEEEMR-LFIRFLMETE 20T, 2O, BRI EHINRY , ZEH
WCHENEBEPHFCTE LI L1245,

ZOUEE, A RINT ZAOFEHEETFEICET L - BREFEE TG EEVE, BOROFEELRFRTINT R L
ZOBRE D HIEHILM 2 2 BEREEZ D2 E5I2, KDI4DF I NI A THEEAELXEHBL T, Ih
5D LICHEICHEYT 5 BN LHEEME L Z OBl B RE L7,

Photo 7 RIS IS+~ 5 BBy (199745, 181415, HEak Fig.16  BEME TR OREERFIR (198945)1)
=F L TAKESETFZeT) Architectural drawing at the start of design process (1989, May)

The New National Theater in Tokyo (1997, 1814 seats,
architectural design: TAK Associated Architects)

Photo 8 7'Ht=7 ADREFIHER LI-EELT vy

M ORI ORI FEER Fig.17 AX_TEB OB T, KIHPLE /NI T = —IBEW1-3552 b
An early scale model test for the acoustical trumpet F vy MEEZHSTWS
constructed around the proscenium Architectural drawing of the opera theater at completion. The ceiling

C1 and the side walls W1-3 form a part of the acoustical trumpet

31.2 EHIEHETDHER

HHEFTORMOVEEL, FGTOTENKMREILE - BIEL, T8I vy Mgz LT, 2L Tho
720 REMHRXETICEE L TiE, CADETY v 7 (Figd) L1/10A7 — IV OEHEEFR] (Photo 9) % H\y, WH i E 5
BQI, FREEH - FOBEHE - FTORE SHEOFTENT A — & OFEM B EBFHET 21TV, EEHESIEMHEIC HZE S
TLEENELERTAET, BB EAQL, —F, BHEICX2ME O L, BT 7 VIl 58
DR T OW SRR &1X, EFTOEy 77 v 72 L THERBA2 T IERZ L 72

Fig. 181332 T4 D AR — b & 1104 RAEE TRl L 72BN A VSV AIRE DO BB TH 5, WH D385 — » DR
X RIS L CEBIEESHER SN TS 2 L DR TE 5, WHETHE THRISITERICHE ORRIC L 5HE
& (Fa—z=rr7ary—F) &2i7o7C, BENRIA—YETTEEALEN LY LZBEEDO= 27 v A TR
L7z Table 313 Z DRICFERM L 7-HBNTG A =5 2R LTBY, IXTOHEMEINER SN, RO Ny 775 A
DANRGNT ZNIIFT 2 HEFEE Lo Thb 2 bbb,




Fig.18

Photo 9 1

7T B DI ER I /10 AR
1/10 scale model of opera theater for
acoustical experiment

S gER

H &=

Table 3

NG X — 8 OFEUEDIEL, 45 H (ZHEFRAYIZ
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Completed Hall
S0_21

10:1 Model

Completed Hall
S0 41

10:1 Model

2000 Hz
0 TIME (msec) 200

V10K RAEEL (19944F) L3 T 1% (19974F) LSl L7z A > /5L
ATNED L IR GG, L 2R e, T ¢ 4R Tk
Comparison of measured lmpulse responses of 1/10 scale model (1994)
and completed hall (1997) , under occupied condition, upper: a center
seat at the 1st balcony, lower: a center seat at the 3rd balcony seat

BRI AT A LA - a0V, KL

TV B —EY, v 4 — ENLHBIE O 5B OB (Fig.19%0)
Comparison of measured acoustical parameters. The 4th column shows the range for the values among Teatro

Colon in Buenos Aires,

Semperoper in Dresden, and Staatsoper in Vienna, that are highly evaluated worldwide

P FRZER], RT 15s 14-16s
W], EDT 175 14-18s
PEEE  MMFHEN, ITDG 17 ms 17—20 ms
7 W % 79074, C80 1.6 dB 0.8—2.7dB
2= T H# R, BQI 0.65 0.60—0.72
W7 & &I, BR 1.1 1.2
B (V/EDTmid) X 10-2 85 74—119

3.1.3 BT %O

W RGN 2RO Y — XD, [E8IZ
%E,%%%L#otomﬁﬁ¢®%%ft<éA@
FRTHFNWTEZD, TIHh—Fv, F—Laf
ﬁk%&%“@;5ﬁ(@%% B DR ], THr
E 7B I HE W R R TRE DO+ RTNT AD—

DTHhb, TOFEWL LWEREZHMELI-V (F—A
M) T ORESE SRS T - r—VR) ] EwvoZzax
YIREBDELT, HERIVELOEFENFE LN,
Fig 1I0ZEE LM T oA RINT ZADOFEICHT
T o — AR TH Y, TR A ER1Z D F
RIBHEFEPLONEETF LD/ DTHY, Bt
T BRI I TR R e D F R TNy A L[S O R )
B2 HWITEL ) BB, SITERELEMNT VXY
MEEZIZEE Fou—VEF L E DS EOOH D,
FTOBIFESERTRINT AT EI N TV 5,

EESEZMET Y )
FURTY, B~ // Y, //////

53/, ZAn7E //////////% /////%/// 72

FRINYR

ANz, FA JT"?

cc ond. SEvE~S 17 gﬁggﬂ%l:&é
BK MUy, 33verd RS D
PB §/%, 152F—214~<5E 7
TK (R NHk— I
1 2 3 4 5
) aET B ERICR BEOH
0n—2

Fig.19 215D+ RIIEHIZ L 5217 T NT ZADKJE
B O FPAMINELL
Acoustical quality ratings in audience areas of 21 opera houses
by 21 conductors

JiE o
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3.2 WS DOhDEEETES
A= VOBEXOZERME %Y, BEOBMEIHIS L72BEE HW-REBN 2 BELED, CADETVIZ L ZI0E
%ﬁ&&ﬂ%%%n47UybuﬁmLf%wiﬁ%Eéﬂﬁ7m X, A2 —FDORRIZL->THREE 2o
TeNAF =T HETH -T2 ZOH, ZOREIWNOHTEPOREERSR, BRI -V Fy 7 A
LFEO—DL BNV OOH L, OT [F—VOEBZEHIBEMENZ b O THIEL T E 2] & \vio 72 RIEIELE
L, BNABXRZRAEINICL o TRAIAZ LINEETH 2 L THMELH o720, SITRALZTOERIE, £
T 2—=20V ) a—2ar&522L52 59, LNIZRENEGZOWTHANT %,

3.21 EREZEAF—I

B H AL S B AR NI RS b o FE 3 e L
TR L2 AEEH 2% — & — ) Tdh5 (Photo
10)o FEIERIRT 225, kA DEENT X —F ORGE
—CADY I 2 b —va VM RERMER L W) 70—
FMOTHRALEZTaY 27 Thb, HLIZHZY,
BEEPSIF [ET7 /R L B L] [E2K0%

FHOCHETHZ L] b)) EEE I, Yk, O
BEXLHENT A=Y LOBRIZOVWTOHMRIIBIED
KNI o lz720, AT L TEBEMIZE L 1T-> T,

Photo 10 {EBEETHIH A& — )L (19924F, 5520 FESER% AT« b T )

OQEDOT 7 AFx— (L) oW, QO RHE D% Hamarikyu Asahi Hall (1992, 552 seats, architectural
M OUESE ORBEMONT v R, DEEZOT DR design: Takenaka Corporation)

D, L) FEENLETEMNRTL L) Tt gD, FE

ST R — & QR B 3 L7 BHERR EH s ok SRR

HEREEERE LY - R - U R TRLESIRLL OB FHEE R 2 — Ry D AR @D L

REL DTl o270, WREANST—%HFAL STHRDEAE-I T
s SEORG £ I )~ 19965 27 AU HERE SRR How They Sound ~Concert& Opera hallsgl 31t 5 220E0

T MAT, v, EEBEOFEBERL AT 312 TER— LA, 5ssa;$»;waybﬁlj®u;, DR T L 3 — LR

- . TSuperiorDFFEERIT. <M ExcellentIZ=a —S—2 =% — = )b, SERFEEHE F— UL 6
L BFHlImMO TRIFTH ), BREDS &K E e T e MR 0T 0OALL EWTE TR A LT, SS2ALIABEL
AR S 7 (Fig.20) § - DR Do O PSR — )L TR - 9P BTSNl BERE AR S — R — LRI T T,

7N s 1g. o — s X v

W24 OFEFFFRE 2 EH L Cw < L TEBIRIL Fig20 REEFEIHA—LAh—LaR—T LD

Hl b Lot An article from a website of Hamarikyu Asahi Hall

322 WEANZ YT« (TOC) ArH—bFk—
M70 Y oy MIFTEN Y & — RO X IZEE S
o, A= AMNFEFEFTZHNET LT3 — b R—LTH
% (Photo 11), MFIRKDOEELHTO—>THh 2B % AFE
L9 % EmRKIEDFEMRE L, %mwvyfwttfw i
FOMAIED B BETA VRO b, BER - IEH
Fﬁ@:y%fbiﬁk&t?ivhﬂ@kf#%h0$%
VWCHolzo TNETEHELOBMBIIL FIdRDOIKE—I
WRESNL Y 2Ry 7 APREEZLNTED, ZOH]
BID % LR O FT LN 2 R RS R R OFRE L % - 72 (Fig21) o
RENERBGT A ICH2), FTHAOTELR T - |
K= 523F— V& ED, wﬁ@iWTM%imbtoé
512, 224, 66K—VORFHNE - BEE - 74 7—) -
Br—yRIE Lz, TEDHFEMEL ﬁﬁ:wﬁiét
HIWr L 72 B 88T A — & &3 L C 2 o R # P % JtE L

Srst F . - 1 # Photo 11 HELART ¥ 7 4 T 4 — Fh— )b (19974,
AETHEME & L7z 187 2B LI AEFHIRIIZIE, 3EOK 16320, BEEEEE CNTT7 73U 5 1 — X,

E2ET VTV eREL, BT - SBOWNZ Bk 2 TBSERZERT, TAKESERFZRT)
EWRICEELSDY, COLI BT LT AL o TaY Tokyo Opera City Concert Hall (1997, 1632 seats.

) architectural design: NTT Facilities, Urban Planning
7 8T ﬂi, FNFET @ﬁ‘%%ﬁ’*@ IEJEE I ER tﬂﬁ‘jj THhbo TZ? and Design Institute, and TAK Associated Architects)




Bi/X T A — % ORI Z BN MY T TH D), CADE
TV L BRI IR 1B Y — v e o Tz,

Table 4/ZTOCT > — R — VDB THEDFEIST A—F D
HEETH D, MRIREICT 7 &N 41—, KA,
T AAT VY LDIRAF—INDTF—F L iU, ToOCHk—)v
BT RCOFREIZOWTORBHEEZ AL TND I EDhD 5,

FEWv, B7OY s MIERPOEWIHGIE U, EREY
WCHEHZED TS (Table 3BMR), FoORE - 99— -
- vRIPDRICELHEERE, [TNFEFTHEHRELAFT,
COR—NVERE L NVOFEREF>TWD, €J Iy M
X BIEHFMD, EOR—IVTORERL 722 & Dl
e W e A R 31| W/ A DR A D AR AW AT I =2 B/ NN
TV 2%, New York Timesit (2000/04/18) 121x [Fl#IZ R W
FEYEY ) L0] LWHIRKLT, %7027 b E2ZD
BBl E U CREAT B2l b7z AR E BRI N, 29
L 725F 75 (Photo 12), ¥R KOMETH-7-EF I »
FHRIRIFL, BNFETY A O THLI EPVIESI N/ &
FAL0. BE I3y FHEXRHFEE IV — PR
e A v LT EN, 2O EELL>2H 5", Fig2l

Table 4 HH/XT X =¥ OERMEOILE, 47 HIEI3KE—L (71—
RS IRAE—N, KAy - T H=—dh—)b, TAAT
NEF LAyl b ARY) OFREMOHE (Table3ZHH)
Comparison of acoustical parameters. The 4th column shows
the range for the values among three major halls (Grosser
Musikvereinssaal in Vienna, the Symphony Hall in Boston, and
Concertgebouw in Amsterdam) , see Table 3)

EREE HHENT A= TOC V4=, KALY, TAAFVY A
o BRI, RT 1.96's 19-20s
RG], EDT 2.69s 24-30s
B MWL, 1TDG 15 ms 12-21 ms
I 77974, C80 -2.7dB -37--27dB
2RI T H R, BQI 0.72 0.62-0.71
B s K&, BR 1.05 1.03-1.11
Hmlk Gmid 6.2 54-78
TrF T FARE—F, STI -12.1dB —-17.8dBLL L

3.23 REEXRES

B 5 X IR & BRI T 52,0690 O KHERIYTH D,
BRMERE D S MUCHR LT 5 (Photo 13), AR T Sid~ A 7 —
A=A EHLTHET L7720, EEVPFEOT L — b F—LR
FRIGNT A EE R S B OBEPLETH L, T2, LHI
RV IR B @i 2 BREEHAEIRO NS, MREND
7))y eblll, ORBAFEY AT AL LHRETOHE
@z (fAdk) L (K OFBEOEIVNEVWI L, @OF —
TARNTE Y MDRSOEFTOIREL V) HEEREZ ED T,
BLATETEROBETIE, STHOIEFEALIZAY - EHESTIC
LoTHIBENL 720, AFIITEN R KEFLEEL R LGED
Hbo I TTIE AU L CTHEZ IS T 2 00538 L 7o
7oo T, —WEOREERILDN,000 R TH S & & I3 UL

] 1] A Ry T L
= =
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KA RT VT 4 34— MR— VOFHIE X
Plan and cross section of Tokyo Opera City Concert Hall

Photo 12 {HZEH DA ¥ L a—

Interview to a player

Photo 13 HELSIREIS (20004F, 20690, B!
Prn THIE)
Tokyo Takarazuka Theater (2000, 2069 seats,
architectural design: Takenaka Corporation)

L% LI, L DBE L EEREIRO bz, FHBE O RETIE, SR IBEF IO U TR 2 B S 2
EXHLTERZaY b aO— V2, ZOZOWBIFIC X 2 FEBEOHE ERE LTV, T OBRENKEE & @1k 2K
HEZPOR S 70 BUE, BB T H O AEAHNTHB Y, BERBIRE L L TRy 2R R LT 5,
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3.24 HAKUJUZER—JL

N RSN R -V E L CEE SN/ 2207 a2 7 M T,
FEIINT2EmNTIAL) T4 LB = AL H 7R T A
YHFERENT: (Photo 14), = 2 TlE, O R ENEIZT 1 >
MY o E &S 58 & LRER, QAN THERIZM S 2k — )L
=Y e BFODT I AF v —, QWEELEDR) DHLHFHELRT
WATF =T g8 arye T e Lz A= VI AR KA %
Fova—KRy 7 AL LCOREZETL 505, Hiilo
7 )V L CHERL L 72 BE & RIFIC & o TR THEI 2 791~ % 4%
e LTWh AT — VILEk L B FEOF B G 1~ 712,
fEsk, HEMAEE LTHETE L BWvE SN2H T AHRIEII AT

Photo 14 HAKUJUKR—)V (20034F, 3000, 1 >

éh, D74 :/77&7?22)’3%%7/{7]"_]\\@4 71 7,‘37&\%73‘*‘_ FYUTHRF T NTUTFAA T
WZZ VI Y M RENZEG AT he F— VIdEWEHliZ i#32 L T A, A 27 7 EhiE P LB

Hakujyu Hall (2003, 300 seats, interior
design: Atlantis Associates)

B, EEHBEORENLETRESE L CERICHHE I TV S,

3.25 HIEXFIIAFF—IV

BISZ100B4EFL&HE L LT, ML L ZIHINGL &l %
HL72A—=NVTHs (Photo 15), ABUILRA - BELOD, KN
HIFH O L WKHBE LSS 21T C, Tut=7aERX0%H
WA= LY2—KRy 7 ARADOT U — MER—NEZDE
REIZ—3T U720 ABEED, 3—0 v /o805 r 53 vy
A= VOB L FREK O L 2B & EFER L, 72,
KEOMHE V) T EPLRAR L FSENmET BN L - B EE
B2 LT, FMEES Y VAR YT A OMIL L WEY % i
L TWD,

4 BbHVIC

AHMICHHTETH 23O E0REN EE 2 TR E
MBI LT, Ya—_uNyIe—F o ZHROREGITEH
MREMICL > TIZAZEDTERVLOBERBIZH L EE 2T,
TEMZR T 7 F— 1%, WL &R -, FRIIEROEY T
%, WMEHRORMICOZ OB ERENIIERTLL0TH S
EWHEZERLTVDSY,

Photo 15 [HERALA Rt &k (1) LINE S — v (F)

wok, (EHZFIIIFEDZEM Z SHEIZBWTE# L T& 7z, Ny (20084F, 12300, Wl © SAbA/INEF HIRFZE
INEBEE, BB 72T 4 TFED N =Y AREOBERE STET Y x, B : SR,
o ) N BRI AGAREE & 2 7)

LTy A28l z1E), 77 F—12wzo TEEEDEIEL The old Tohoku University Memorial Hall (upper)
7o T3l 2T AEAEE LT, N a4 PRSI AR and Kawauchi Hagi Hall (lower) (2008, 1230
seats, supervision: Onoda lab., Tohoku Universit

720 BREMORIZER EKIHFHEL TR LD TH L, Thbb, +Ate:1ierpHitoshi Alc))e, Archite’ctural Deggn; ’

AN DSEEFRAICE U 2 b 2R, Sk 5 5ol Mitsubishi Jisho Sekkei, acoustical design: Suzuki

lab. Tohoku Universi d Takenaka C i
KEL DA LB NTHSS L. ML= AT ab. Tohoku University and Takenaka Corporation)

Tho R—NVOFERFOBERLEHNE, TIIBP-oTVLLEEZLNLDTH L,

REE TR L BAro 70y =7 M3, &K - X7 - B % EOBAZEMI & o TRWR 2 5B EHL L A
AINTVDE, AMEKZDIZHIY, Sk, TOWRMEZ HICRESE, BENEGEMOREDE) LTS
NT, REDORGZRNEIENL 2 L2 MFTHLDTH S,
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) DENON, Anechoic Orchestra Music Recording. 4 — 74 4+ CD (1995)
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) Beranek, L.L., Concert and Opera Halls, How they sound. (American Inst. Physics) (1996)
)

)

)

(9, N SN OS]
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