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Abstract

ThisstudyisaboutaspecifictfrilIuuitainss-oDerahouses,whichdiscussthe
asoects of architectural u*ut,i.'. ii.itt in Oe closea tpi"" of th" audience and performs that

;il";;;;;;t;.a p"*-"t"rs that have great effect on the acoustical performance'

To improve tt" "ffJ-"i 
ifr. !"o..tii.a rrlations of opera spaces on the acoustical

performance was done d;r;;; [61 geometricalrelationsconcerningspaceofhalland

#;;;il.r,,"c G,n;"il;;;ridry io Jxtracrrrnal formulas that could be used to predict

the most importanr *;;;;i-;;;eters which can improve the effrciency of the

oerformance.
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C- i-Dc3 \H 1-li ot+l!:. J! glir3 , jr-.r
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l9l9 (Grosses Schauspielhaus) g,J1]x-rr o*!S
tJ,-s \rj ..lJll iX- ip 6-,J.ll tl5t . +.*..i 0iSr

.u6lrljl
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. ; rirllt dlljj fuiri.ll I rl{ll J:i.i-l clli Or

dlS-il f+l|ll l+rtrsYlr i:t-:t U+t::lt .r
'[16]q*.rvil
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..-rlLf .u-jJ ,,si-" r" O.l$ ,;lS otrlt g3 +,,*
.[28]lJ{i

dj-,,lo r&: cLaill 1:..-I ,:li.-ll Ol

+r.1:-Jl6.--a)t dJt-'lS.jl
,,.it LJSII ,:irtill ,rrr (Reverberation Time)

i+;r: .,Jc -i3; Y d aJ qr'pll dFj o.A i,l

,'j ,J..,rr (ntelligibility Of Sound) <y56i-lt

ot ,:,t-,,p d}l +.>ll o.j oA ol l.1.,3!l stoti

dl-t lrt :6t o:s lil-r:slt lru;Jt tr-D.:t s/
J3r:,ll r&i .CsrI u. &lUIl d.-il1 d dlli er.:j

: [28]O,r-..'i.r irLte ,Jo {J:, Fl
6rLJ iJ-.,.tr*!l"llr L-:Jl crl. tl 1+.S.1

. Arlt t J LcEl ijJ.,Fll

.g:r.,.ll i.-i.3 i.trt&ll lEti ,l ' i p+r .2

(Capacitv) ir.r.tl$ lrti ir.,, 3.1.2

:i,aLiJl t#lsr...r

i-.{+ &i L Jhi.f i.,Ull i.r !\-1 OS.J

rt-ri i - liJt r..r ,-.LfJ ct-!l l1A ,rbr :"tL
(.1lt urtlr 

(r)lseating Capacity) ,r J+ll rcti.

r+ d liuJ .*ll F. +l.i,Jt JSll 'jFll
l--i.ll J-o r-cs eill oLrijl F J i-iJl
g-j*ll pj+.. f*-,6 d,S.rJ .Lu C.+ill di.rl'""J

:(4.2) clr:+lt .,i Ls .[18]r.';, .l+Jl i.- Jl 1;""r

ol.rll O:3 ,rt ti, t,'.rtt.r lt.r.. p+- 5 jl5.: llJll (l)

,J--n-r O,.F$J J n'+l*I ir,..J r$I gail r,.rl q.rll

d,li i+!Ui ci+LL s{ L.l^; ,ra c[f;j 94..,f..111 g,l.gl

.rii-,! iJ, ,r^.r . ,.J-r.fl .l$l ,,.j-l c,rs r.;,rS L-

.#l alE rrF . :u:i (ii .:\_, :i-lt ei ciJ- \j j li,l
.[28]r:Jt .,1t:- .r!c i;.t, (FrJo dfi

O.-. r1:.. t.,;.j 'p.i .lSllljl ,r,:.1.;.r,-r..,. !i.

t+-r iJ.at-r-ll i-,lt..-erJl dil ;i+&ll i,i,.!l
,Ji'k,.J" I 31 6yr.!l d1iJl u.1t -i pl :+:r
J+-!J (-3llr i,;rEll l..;,r.J e. Letti" d)A ct,

;:.a g:ll .o.'.J.Jli,r,r.-Fll l':t uf +rtt .+lt
1-a,2Jl i.1L-.,J1 oFit-----i .,,..- t-y3!t i-1t.:

.(3) rJs-.r (3'2) cJr+ll s. l-sr 1$-)l
.rlgalill 6r ...t !.,,Jlii .l

,/ ,JrL i;t L". .o-,r- lJ{J ei i.cul disr .2

.g;.ll r.r. ,-1. ";,i a..ptill llJ .retl d6.i dl-
. drte$ll )l.S ,/ .r,L .JS LI* ,ri +jn .3

tjl < i-U dS rr!-t ". .r.rc oi e.DEAl .4

. OiioliJl llls ,rr lilJ| citi-rJl tl'.1...1

elJeJ s--lc d"--l t.... , rr.: .;q!Sll f+- .5

r . ' J,! 1+-i illil tJiJ jJ :+I.c J*L-
d.'Lt-".. d 1rJ .ul ,rxisr r."*rrJ 

C .Jl
.cr$!l u$il 3lriJr i-tJ3-)l r+i

,-t:-tt dt,:elill r-r. tr.r:-- I .,i '-r. Jli! .6

l_2r..11 _j: lc.ll ,.r* tu_.rti. :(3.2) jl cJr+

,rlUll lJ.Jl 
-,11,1 

lclil ,,ri.r."

:lelill rl,..ell L: r..I J..bJ 2.1.2

JIJJI j'llll i-Li.i J- :-.1 .r"-il ;t
,4-.La .uJ J! l,-r"lt :.iLi"l (Elfective Centre)

i-r&. .,rt-, e,n3"- :11= Lal lcEll 9i U. :*.j gi

t&

clrj.".X

ij,,-
r& ds

I

fF
le[ll

3I

lt-

er6!l

(rr.)
U.rill p..,l

tl?1 3
0.56

Il Tl 6400

1547

tl el

,r,:." l-.,Pjl

1973

151 4
0.53

t5t 6900

1300

tlel

i..ptilr l..p3l
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,.-,..i.11 i,--iili' . d,j!-illJ d..AI -9....- .3

.(Working & Storage Space)

:"! t s i.-r.lt is.pjt crt!;Srl , rt -"'

,@1'2.2
gle r.!U+)l 1'p3!l -,13r g. J.li. -j J".i 95

Ori; f-.-i.ll i-:it J.FJ -,1tLJ 91 , rp.ill q'j

eJr. "$l 9-1 ,6;.".$ Lri.l fl,Jl ra&ll O-.b

,,r+-"$l F-SI r*\5 ,,i clir.J f.j,.l| ,,lo ,fr:.ll
.-:1-63111.; '-1,-c 1-!.urJl :-+1,..ll I'-il'Lll

' [20]t€lill

6-+t-rlt .,rts+U il,*ri I ds-I lra flsi-l Ol

tir Cj_,r clDl-i, (.rr ljir J bK. ,t:!t si! ,'r-

r.1 -r.l , [16]-r.lr-.-.ll gbrr "l ,jrJiril JhrtJ

:[201b Ou.r- ,. ..-e ,r.le JtLyl F..-:
+.: i-.6f-I cl-riil -JS.,,;; (Visually) 1,..,;r.-; .l

.i..ai.ll

oh!r: i-ill dir .,.r-; (Physically) bt- .2

..,;"!t u*'ili: t' ',' --

irr ''- I tprJl g_$lgrr!sl" l-ltl.)l c-
j.i CU:rLi-ll itlil .d"l+Jl OIJA+JI dS-5 (.Di aJ.

gg.rL-Lll leU Ox &Ull J$l 0-; isr..6ii
gl ,(l).p.,-.ll -,11p.qJl 62 eDli o. fJl i.-r.tlJ

JS--.ill cJ-i,e i-Lll i-S -rtl") gr+lill cjE$l d,l

dj- dLll a..;,1"I !,Jill CJt ,- ,Jt !+d q/W

,/ e4 .,-irLit oUi Olr...t*L.P,b /J
)L-j& l.:::. 1.1p als.l aff-n C+.+ dl $l}l

. cFll ritj. ;p rll-11 Cj,n r felill eLbif

d:--4 ;r L3i!l .I CDr Or .lr!l ,{ Jrl $!.:lt it {t)

{r-lar .t-!l .----j tiitl .l dLr d" 'l$l ir., !ru*!l
ir-----jJl l-----j.I+ ,r..-.--cq t- ;--.-rr O+pL--.+ll

.u6l(Extended Stage)

si:lilr! i*..-.itl st.ur.ll pl 
"! 

Ulr
. [20]l.clill i--.., +r-i

,s!'.Jl lJlall ,r".$il ,-,,. Lr'i-yl ,ire ' I

,+X -,.od :.31 .&ilt.lj:r elLu ,.rr* ctl ,,,t1 .2

.i.-i.ll i;c
f-*|.,!l -u-jr: r-r+ll lJ3J[..ll e--ll t.1.oX- .3

.iru!!r

d&iJ * i-. l;,r. +tyll -l.l..'iil- | lltsll iVly '4

.'toj;-; t :ie) iiJUll JeliJ dr" 6 .r.6, i-r;l

#ji. J )L di+-UJl ei .1"1'.+Jl gr; rS rl:el

.(rrU-rr rrrtt *f tjni

2.2

g-r-.ll gi.."- o-[Jl clt! blr :*-i.tt ' ':"'
. .r-, t1;iLai, &tsi rjr ,tr!l r$n .+ e .rJl

-,19 \-i,.3 6-1L.,.*ll cJS si .[28]eh!l {+! ,rt"

:[l6loa"r C (li-,ll) dijrs.ll r.fi l]tl
.(a--Lll ,Jc .'Jt ,rlslD Oj'ljrll .1

.(l..-Lll ,Jo g:Ul r..;+Jl) g'r.r tl clJll .2

,ri C l.-i.ll i.ri$" - il ol.ijs"ll ,,rt Cp,t
:[20]i-Jts-l aii3

i-il"ia,r.--.cq1 OJr3--Jl +;t &+ 9$l '+-ll .1

. (Acting Area) ar;r.ll

et--ai r.-+!D ilLl'r-1 rl&ll ++ ,.1"s g:Jt ;g.tt .2

.(Scenery Space) 6;r,,-ll e+ -i ul,iJl

.[18] i$LtuI c.rtoti p.;+- :(4.2) tJr+

l-.p.3!l -1j,r ,*i-i
&i. 1500

F-r
lJ+ JiS Fr

ubll L-i5
tJ:.r.-, !

,r:. 900

r.i. 1500
l$ f+'

glarll u-ij
1l.lJrll

,ri. 500

r,L 900
l"-i" C+-

fiF)Sll otclil L'-i3
500 er" cJit

!L -)!r.|.e e+s
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t{3.1-,,1e l1}t .,,19 ol;a.. pl c;r oraj .UtFl

drj4 Ol .,J+', l-S .[6F.-t ll ci-ri g,..,;*S #l
ul-Lll 6+ C+j .r.-il ,.l.-ti. F- r] 6iJ
6,.-.e. lr5,r !..$ (Fr-.';ri sf f.rii..I (Scenery)

r.rL-.ir!l t -+i3 rie ,1 t-tS:-t sii+ LJe -Jill

siel (Grid System) d+..ltl d!" elnJ .:.r1 l:r3

dJ'4 or ,,. rLir .l28leull ct..bi g,-i L-i..ll

L-,-t ll i-si .1t! gtnj c.t-" (3) CJ euj
i,-lill ot rill 6-i- J,l 1.,,...i11,.1 (Proscenium)

liJ (2.5-1.5) C'-+ L-.- gt3-1Yl 6;l;ir1 L-i.\
'[36]gtti,lYl

rhlLj ig-.,,tt clrJ-r.I :t{-i$ qtt+i

*,I "8t
q;rJl rl.' ill lr'-.Jl ci:rr..Jl U.lo f+-

:riill tD3ll -sL.!l .r3..- & dlrrlt

1.3

.rJc 9.tjJt !r.,;lul ,-..l" l| J-3L-i d;!

) .1il lJ &Ult el;ill .,;r1e cFi.ll, l*i.It
iaJ'-t.ll d..,;ll" L-!tl i.r. lc-r+. , ,,t.-t lrL.: .1tlo
d--! i+Cl u,.il,-ill ,/ J#,sJJ f.)3i dl
i r +ill
el$l r't-E :,-lls (Intelligibility of Speech)

.t4l,.,lr.-ll

:[l I l+,,1- r.-lt lctiSJl ci "i] u.j

i-risll,-itLl g-r t r: 1.1.3

'IW-D!q!r!@s)
g- (SPL) sir.-I l"rn$ ,r. r..i. Cr,.l+ d!

{jltll 6-..i-i.r-t +J-+ Jl qt"$ >l J! ir.
ot-J}n,. pl ,J. .jl t4le,-..,I .r.' tl ,,rr gr.-I
6'- ;LJl '':r' t i- *ill l+,o ,rf ;,tiStt 4i;
i-jls.| i-+-..-ll litll! g3t &.!l e-jj:ll I .:r.r*.

2.2.2

t-. -j,ui. J-r cFF.ll f$j. f+-+ :.-it
c.r-.ri1 qrrl 'l$/l 

lr#l"J d,rJdt u" jFll q.A
g,.; l,-i.ll ,,Je .r.1. ,JS kr. l:rj sjll 15L...l| dl

pr4 q;Lll at:!l g.r-r rlt .iiJE c!.J.i iiJ"i.

.tlslt
r-,.i+ U.:rl fiJri. r+n) .r. ,U1, ,.,1S1 6t

rJJrLlt isJAll j-n 3 el:l 
'Jsl 

!+LJl i+t$I ,rtD

'l$lr eih.$ ir{:,I}.ll i+L J iiL}l ecl cllll

.[20]&ts d-i. JiL,ji.: .:.F.t

g-r*Jl :"--.-i. C-+ {-1.-l-il1 r +ll i.rLo5

rrt-o C-ib ir-jll '.JtrJl 9 i.aj.!l Lri.r o,"L!l
f--Ji O_. r.lr F .le rt-B Y r.r .,L rl U.\.
i I ll 4,. 'j+ll clll r.ir i.-i.lt ol+L :!.-i.ll JUI
f-ij.Jl f.-.ri. i-itr1 C;rll .Li ;x 6l grll-1
(r)lporestage) i-i.t !l L--Lttr ,rc{Apron)
.{+lc 6-lt, f^eu$ Llilr JJ ejFll dllS s+ L.ri".r

!,t+ ,rl', l:rj (Extended Stage) ;.ri...tt i,-i..tt,

elri c*l *-i (Acting Area) obJ.jl iiLL

[18]i:-y.,/i: t rl-: ]!].+'.-J lir.; 4.uul
iJE-.fl tul C.-j3 iJr& iJr'.-.rl C,l d iiL.J
: t.tl OJi: ,i r.i.-l"r 6lJiJl l-Ui d,rs 

p)i+!l

. [28]ir.,tj.ll fJJ.ll 6ji.il lsJ..i.;Ji" ll

:(Flving Tower) e-d 3.2.2

:rl-i,Jl *l i..aiJl 1\ ct$ cl,:i!l 93
O* L1Lr. U-l.r cr:j"'ll ,Jt.-:l! Llfill is-Ld"Jl

L-;j a'-r. , :rr tu-,rt-rll rJtilt.' ot.)S,1, ,1t .:t

0,-- lrJsir i;I.J.-Il _,1_5*,1'j i-21;)l 6jJ &tl ,/
l-c,till r+s d.l-,l. Ji lJlis t +- dS4 9j . oL:iJl

,!.!--ii J CN$L:,J 1'U fi;-t rls-l 
"r 

t-U!t r. , I (r)

,;-:i: jl r..-: l-!t ClL .r' :-.,tp lJtijl lJ:JJtl
f.-.-+- .,J C'-i i ;lL.j ,rfo roLl fu-rj J lsrts+. lrJ"t

.nolL-:.ll
.i.-Lit i5ii .j-Lt c,U3S. g. ,rr1 

(r)
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CJJu 1$r*ll c.Llitl JJ t',-rlt-, :\tt'i!l ei .1

,,--:. i:t ar Ui (2-l) ,-g1 l- rrf'l} ,-Fj i4i
. [13]t2)."i*-tt grr

drj r'&, :g,.1-;',.)l -.f.ri.1 el;i'll F-' .,-r

.rl' t I (V) rL.aill p+r,rb ,rUl ,JS& +pjt
,.J-ll C- t+JL.+"tre crF (A) !t o,.1.-.i.!l

i.--ctill g$ij cli+ 9st1 ,t4lldEl 6. L"s',
glJll q:..,1311 {-1..;i.;i +'-',.e qart *iS
dJJ !a rt r ' t I Jli. ,.Jo -r-l+. cis4 -i3l
+.1'$-,)l lJ:fll3 sliJ-i} :.ta iJf Dli

'(l '3) cJ3r [9lr-titl

gls-p)! tul- Lill rfr. :(1.3) c)-r+

.[28]'1" rrt ' ,'Jll..ll

1-++.rll f*-!t i,l ' tr ir+ r./
.-Lr 3r (6-a) O-+ L (Volume per Person)

J-.brll r-!i gr g,"1,;.)l ,gl ,rrStt ,-t ;.)t
it--..r| .:lctilt +r1,ll ir.j etlo) g$-ll i;i g.1

rJl)tl clteull ,J,..1 r.ji ,.4:l ,'uo dl, i-r-

.!.i1 q.Jt3 ,t44h.,i. ll (1.6) d i.ti {,Llr i$3 (l)
i rt r lr- i ./ jf. q1ry-) 'Jij,S i.elill s. Irrg-l

,'-r i.u t -rlill ' ; r-I ,.!".iI f${ +Urll ir"j
.t{.F

rlr4l OJj jA{l i,l (+l qJsI c,re6! sI 'r -t\ (2)

(tPl Cr.-,JQ !r ^Jts 
(l) dJP dert iJ 'r,:-o c!'-I

t----+r.r.ll ..--JJr--lt i-+U
.I l 4l(lntelligibility of speech]

r J",l" I d! .l7leu.llLilt 6:.+ J! l:rJt tSt''F'

lrl( .rrl u-3lriJl,, L ru;r.-lt ciict ,p
,-J iit4 ii)LJl tr-ilr rt-!l Jtnitr 1r.+-J. lJ

't8l"r .,,tt er'' irr 'FlJl OJ4sll

!-i n$ i,-.: 2.1.3

'(!3everberationT s)
jJi.f dlr,.-!l # l.lttt iFjI {l+.i'}.i
,,. rr;r+'tr .itcr -+ $.-!l 4jl.i d,9' (dB 60)

+.r sll gr-1 .d ilt;jll d! .[41]'.p-. iF d,rF-ll

i-l.rlJ; ,51.:rJ s-r 9++ iir'- !'\ Ue (iJ.-I
+r.& er {.jL.-bJr (Blurring) ,/r-tt l:lt
g-;4'l 1,931j'. tl$ Ol cl-tr-r.-it g. +:l LS rpsll

diirs.lt d,,Jlii.ll unt -i.!t O! f+;ltt oUrS.lt

.ll0ld,r.-I &l ,,,t +r-', !! i.-,J 9:9 +1.r.:;,,1

:3.r-: 1----=1ir!l drt",lJJl L.:+ d$rs ril

,J!i.ll 1i.r.Jl dr)l-.i-Jl i-i).X {$j} Ot jll

't:!l gl: ,.' ."-J.{"'31.-ll ietlsll cliril y-t'.S

O-j c-r. L-"r.! +.*J aJ.- r.lo dsJL tl ,[44]

u-r (Sabine) ip.l- i+.- -+;r L.l,!" +.-;i!t

r, , ,5r-;!1 gJl 6lii.it rr eJt {.pL!t i!.-ll
;+ 9 (v) ol c+r. (')(RT = 0.161v/A) srr
a-i:s_s r-J uFat alYl J.i" jrl (A) j 3p rL5ll

.ta1l(gP..L.2r)

l_. (RT) $-ill o.j e$ ,J. t"r crl$r.. O.r

'(r

,rjtJr uJ.-i.r iilj r RT= 0.l6lv/A du{t- i+- d,t 
(r)

aJ+.llj {rLll ci.)rJ3ll lie {ril -"b qt$., -j{rYl J;jt

. -? i+Jl .!^ + {ilnl F (,ill .t}.rtl d,l'1i5 6J*S}t

+-j.i lJ-l u-L----L!l &lg drr.- C- &1,3 bl t-S iu-

('---ll er ' rrt +r 6---ll J.j i+ +L"J airlr J,! tjL-J

.[41]sllJHJyl

''utL ^{ tlli.rll
pLllll

/t-1,"^$

o.f"i
/F.r
U.f,i blill urdl

iit4 Or+ | 5

l,aL :l.r 'e o'6 -pJ 300

&L us

Jy iiEJ p l0

i.-t- 'r o'9 'r9
ir. JKI

300

!L
li*r.
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:l "r9l 'rr gJ &id.ll 
-i.ri.r.all 

,-.rdl 4.1.3

:-.-1 t..-.tl;ii,t J $r,,-lt +rdt 4ll .)$+

.l} (t' \FJs Cr-lt ,-r.r +:r.-tt pvt"arJl '.-ilul
:[g]t1.5!l

:(ps!qLd€! 1.4.1.3

,J--+J. d{'.-} eL-.til ,rb s9:.all ei5
J-iq.Jl .3r"J JL.. !i ei (iJiI i++tl dtiJlllt"

.r-1_.1i iit-..r3 l.cEn Ui,lil g.A-Jl cr c6,o.llr

C.l-.tl ,r-Ja qrr.-$ J,.':- b Jl-ilr l23lr (17) -L
:Utill &tyJl+

:--.1 g*l,ri.ll oe-lt gu f.t..;il iJ3ill d.l" .l
. J.il+Jl c{Jl

.,J.-!l d.,J"-L, fuJU. ar.aX jlc gli:j '2
.rJ.-ll jL ,J! )"J! uls l.IS &F +J,ll iFj .3

ol.u i-ll dii ' i.r.-I 6lj"$ 6.Ut g .Su

.kl iill ir-L,-l i"tJ -isl U'Jl

Ol-Si t ::o is. j,.-!l ;-j,i)J q5r-ll ,'.'-u

r.Jr,-r Jl: ..;r,il+ll or,.-I .1j,r.- 419..,$ l.,,;iill

L+u + (SO) cr -,.,sI dh..Jl J! o,,nj..r c.rd
. tj dt .; I . rtt c,jJ.Jt ctrt .[24]l;rr!t .rr:!

,d .{+t t{-J dtlJ,l. I yr F dlr [24]r-rr.-I

:(3.3) c!+lt

cl,l+llr Lir-lltujF-,I ,-r. 1|!.i :(3.3) rb+

f-FI f--n.',tl 'o r-...rill 3.1.3

:flnitial Time Delav Gap)

J,-lCl dlJJ cJr.-r crr !t Jl ajxl ,rt

o"l d i+r!t (r)L+rJ ,:t*,tS,i)r gr lse

drL-,ts.j)l j.---r 5l-: {J.j ul .l24le6".tl

4l....Jr,:lj,r".ll'r'-", ; L+" i.+ tul" tl 1$r.-ll

ejlfle e.:tt(2.31 derll r[l4],r.-,tt 't" rtt

.f-. -FJ .ri.jll 
.!r+jl+ lrlt-i$

'or+i\ L.,J LUil frX*i i.lj.c :(2.3) cJrr+

.14011+-FJl ltLJll

{F.,,!l €ijJ.tl
idLjtl iJ+lll

,+Jrll

i.91131 lrUi
ilr-.,,t|

'!,tli .51.15 ,:'trr

6.t.oll
i"ill + 35 psr

ous.. pl d. !:.1

irir..'. - dl lclill ;U 
"r.80 "/P.'j|^lt

: ri-jl iFitl Jlri.,-Jc' ;JElJl litL1 Ol

drt-,l5^.i)lr : rljjl :J:r . .tl gl!.ts,.Ul l+J.ll

:[l l];Ys (2)r-i.l-:l

.qrrJ.-I J!- I Oe eilll 6rr. ttOJ d;li: .l
.o,Jill lit'j. l+rj Jlsjl rrtJ .2

.f-dl r.-Ll*j 4p crJl ..r.- g-.r.3

1--+;' ctjsll Lrll {Ji ul'll+l d!.ll .{.4
3l-;gl5tl lr tl o+ uc f.cEll l,i ir./+ll ,,-i.

ArJrS i-ol3l cFtsr, '.i rl eti:j "g+
.i+fll $.jll tr+il l^Ji {\: sf dE|+PJ

c'l---,,15..i)ll :As+i: dai.- ) Agy-lt oLlS.:!t .:i-.: (r)

L+ltr ci-Js,jyrr (Early Reflection) i,.l+.I lrlj'l
dtl Er--tlt d (fong-delayed Reflection) i J:.tt

"1-:tt 
lCt ,J U+ .lt+.tt .': rl 

C. oLts.:)l r.u e.:l
.tl0lj+.n &rd ue t€ii. C-.,1

g- dll i,+il+ll olJsdl i+ie ,J3J.-tt }i,l$ g.-1 ;,r9, lz)

.r -)$J "rAlt 
ii!i. gln.j Jrs :.IA s/ i t crl.E jll

'[lOlk-:rc '-i';

.t2411*-^-1tl

drr+!l gJJdI

j L-.-L .J r--+ ,uj;ti5 ,l
.'"L ll "oiu

oAr,'ilitt 1*11 .1

rl r-r rj- ll.l..o.

.:*6tre

t rJr"ll ,rLrEll thij-l .2

.1$lr cltlJ- slc irlrll
Jl v-ilill Jl+ll .2

i tJ-+S :sl--..,'.

.t.is.

lJo
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'!'r ''r .e..!'ll eL;ill 0-- ilF..6tl"i iF lr.t+Jl

-Li.iI ,.,.rJ---"i. d >5.r"tii'.tt ,ri rjlJ;ll ..u
.[40lcs..;F!l Cr.ll ,rr 1r.& i;o eir.-!l

:(g!s[!ig{ 4.4.1.3

tJ++ f+.,;o1 cl.a3.-ll ,-r. j.& rbJ rr:l
,r4 , ,-r..oril lrr+:-r.-d lg.js-ll rjor.ll 

"1c
el .' rI 1,,-i l+.J.i.!l f+fr ;r.-tt '1.$l &l
c, l--ll -,tb O-* L r:l,e .[21]pte ,5& .,.-.,'l1
,i J-^!l :rr.-. 6-JJl uil ,r..-!l et 5ll g. :il;ll

e.,-Jl el-5ill ;! CJlill u. )iu!l d.'J,.-I UI

tuJ--."i. ".i-rj cJ-",,3 ,'. l- .,ril- JiL li OAi

,f-r lf-,Jl U.'i {.J.i3 ,rl .iJLr! "ltL -i)Eil-r

.ll I l++- i drl3 cIi ':'tLi,J .'g.rll et i.ill

.J' Lr-.ar ct;3Jl a. r.ig;. gr-/ cttt r
rl*--r.;Lii. r1,-r r& .eir.B ) :la I j jJii-'l

C-rr. (++ et;i*ll , i t. tr.t241(!+l

,JJ ..r-+Jl {-l-i'l:r!- Cr.Jl e+-iblu'
: Or-St clo.l,

i-i,l.r g,. toL,- O:$ dtr :1$,1.:ll e!',:3,,:!l .l

.s4.ll

6Jl: {-F bL& crA dt: :!;-!ill cL-aj..:all .r-r

il,r-Jl drlsl .' xl iib fj osj.L lE: s+ll
'.F/ roEl

: j. s-lt Clr"lt t{.r r.-i, :(l)1ult 'L:.eill .3'

J J--.:.J L-.r-r:.-. dtr tr+ +rt>J +e
l-+ili,ll et-:J'..hll l.:.l-.--.& OJ-lr, .di..rill

#' .' ,nI JL+lti,&Ull ti.J-. iiEr.

:.p..; OA 1ct!.r!l d.l.,etil! (Noise Criteria)

6. tr i-j d2.4.!.3

:(S@!q)
.r+--.*i dls.ill dJti 6J"iJ gAJl rr+;
j$_S" Ji ..r--b [e.. go3. LSr fte JS.! 1!- |-ll
.!-r :l:.,;i.:ij .clrill *F L llii ,/ rpFl iilJ.ll

(Hot Spots) tj-.i Ci+il+ c#l L r. ,rJ) ;;,rtJ;ll

LFr,-I riUI s,r JS c',rii fJ d,b gr3g d.,.li"Iaj

*-j JrStli Jl .r.3i t.".r-,.1 ilJF s. l-.r .,lc
. I l0l1rr-*t-ll 

"J" 
lltJ"ll djjr,.r_rt-i iJ..

il cjri- ,,ryo. oll s,'j|s lI LL- I rri. lilrll 'laFI 
(r)

L{LX c,lr--!l . 
, '? - t (Masking EffecD \J.Ls &3

,'. r (Duct) olll 6.,7*4'- gr rt5$ gU:tt " - $.
.[44])i. dJJt+Jl -ry 3l:-l .+;

:(SscllShaglltv)drtelJl{ 3.4. r. 3

t ilti: l"? ll lltl.ll ,':ri: i)o rJl+, d
."..-lt ,r--j: .j c,LlS* J e!- J r."+ q,+-l

drr+$ eJ$
.k lrii-l ;p :1,!)l .3 grl-Jt dsi-l .3

.tJri.ll

i.ll---r1 !j.$ .ir ' itur .4

Lj.i-Jl dL'3-l j:.-l..

(u,r.-ll |r--cr) iil.u
.6t-ls.iIl .\}+",il Le..."ll

Jl$l.J di-ll eL$ll .4

.'. r L-iU i.rl-r

s-{ .:lr,.-l| , .s.l
, ,.a ..:3 r.rl_s

.feEll ,"Li iFl&

' x -tl e-+.,rs &"bi, '5
l+r.-Jl oL.6ul 6--ir
,rl,! crl--Jl ,yS+,'r-l

t*till Cri- \rilrll ,i|ll

s--lc clJ'--!l iull dlliJ

flsj-lj : Jrlrtl $li.ll

d-jlil r,,,Ste iiL. CA
Clr,-!t rtLiJl ,/ djl
F.J dli3 ul Ot L.5r&ll

Ol i.la3 el-;il! $lS!l

ir)-dl lJ..,;a lj,f,. i,r$
."6Lii:Yl1 eBJYtr.J

,.rjlJ-$
l-ctill i-JnJt
d:.Jl $r CJ.llr
J1,"" d}-u sl$r

. r, l*ri,.iJl 4+d

dr,.Jl J! ldr-rr
' J +.j t-r,! J.J

[j ,fJ 50 ,r--le

.sl-ill i--lir
.4+^L1l
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1.2.3

:d../-il

.,-le r+sll d"b + -ij, u pl g*; Cf+
:l t S.i.r!t 'l.r!l r'Lis

Ol C---J+ (cr+.U) p:t-tt l-1,5..Ut '.t rl ,,.."- .l

s-i)l ul-j,Jl (RT) .r-rr,-I +p}ll iFj
(V) ,l--bill 1.--+5 H t;:..l,!,J-. Ur d!.-ll

.14 U'L.5ill slsll u-L-i.yl 1$ 6l&r

e-r lir.-1 4;le +'1i1 oL-bill 1.rs y' il-,..$ gl .2

CJFII i'+-ll ;JijJ 'l; rriihll CJAIJI

,[42Jet-:ill lrH1ir1 dl _.pl:rJl ;p elb 4a.1

i:l-:j 6. l+r.rl' ,-,:. lt g'.1-i.l !S ,;-Ltrj

r F--3. lrr+-ll ij.t4ll6J"-ll dJtrl-,.
,,rLr-{ dl$!l "l$! r.jiJ l+rr^Jl d.'lel.' rn

ot .'i rri i$r-:J6ll ir$l J- C"$*l t€,

+tilt O-..1 ,r1e ; J+-tt L.-t rljr.l i,-.61

.[2l]istijl rL5i d \JjU..I dr,.-tl
d-+l O.... d,-.-r3 uEL-:.Jl dF', ,rS fr.,t Ot .3

_rji, o-t i3.)l dll! JtJi" OIJ ...-,iil ,..-brll

aFI r ' r J Ll,..ll Jrii1 pr:trcl -,Fii ir.Jij

,".'.c :ii rei..:I" lij.-J..a.,,,' - f+.:ll r-iil3
r-F/q pi6-Jl :.frJ ..l*ls C.-b-, J! d.LlJJl

," :- (Volume per Person) ,prl&!l .sc,

i"-+r i$l+yl lr.;lrlt -,19 sf r1-ilt grt.,;lrr

,iJlr r-+Jf i-r$.all stolil! 
",;"13 r 15.1-+1

), ?t4 d J+'-tt CJ4 L+ UtJl iit5Sl

.-,t-olitt' -: / 3, 
1l.l-+,s| 6-4 L r..jp5!l

:il:!l (5.3 ,4.3) cJj+.ll ,,..--_e rrrJ,Stl

dr lrl..-:I d,,rJl-ie)l O. .[23](r)NC 20)

l27l:.b5.:Jl dC&l Jtneyl .!+ lrl: Ot .+l
dil..,i-l ri qrrLriy ,5*! e'r.-tl JjFll J-i-l .l
J-+liil dil-l..b'1lrll1 6l 'r--+lt .,Jc iJ_1tc :tj.
Uts-1 sr+I gJti LF dit ll cL,ij".all , 

, !,. t

.ietijt et:i Jilr Jl ii.LI dJtol,-bijl

iJjle ilr,-.t tel..". ...1 dL tlr lilCl C*L+:.2

,-d 6rr;ll el+-rl dsi-l diri-u US r$tl.
,LaDui. U. ,-!,li.I 

'jL-bJ,J"I 
uJ."i.I

i .- OF ;j ,,.is i-:L--, :J$ -Jyj al,rr..t .3

.dlill

d-sp ,lJFl g,\ Cp lg'Ul siljj)l drsi+Jl d.-i .4

,i : ,rr*tt els*tl u. arrJt -. J dt- ,.r,! .rql
djrjn-j)r d_ai &+li:l d!3r &i!t 6JLI

' l$o i-Pt tt

flL.lll) 1-,3- L.brl..blt c. el .. ill di.-iJ rL,i .5

.(dl ..... ,, r_!il_i.,re: lr.,r$i- lsllr

d{..-^ill f-,i--+.r ;DLJIJ rct .l} r.E djo .6
..{elill sjt^iiyl dS11ll rro ijS;itS"r.lt

drlsliill er*l A+,-;!t u.3L-iJ Ji,
r.rt ,.. ;- ,_.r.il- J,u. b ld e5r.-[ ehlt sL l,^Jl
..;rJil '. .J, ,.j ..---+l s-d eL:iI p*-: .ua,

i--l: i.-ll ,4 iil..:l &.Ull JK.iJ Fr Jlneyl

O+t+lt i-t, JJ liL4 (,|.,rl5lJ s,r g.F$ cr
t-JJjr di-dJt a,S,t-l 6;j.i ,.r- u. .d elihl

.[34]i,-lJr idt irsulJ LLr l+*+-i

(€F-Js!) ,Ji , rt c,t"ti[ i+iiill .85;lt .,rr*i. gt (r)

sr._cultr . r -iJ ..J : , . .:\1 NC (20- I 5) 6.J_F
.tl2INC (25) 1"eJr6I
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.lg]t]jlJl otalir i.ril-lr rl-.!r :(6.3) dr+

crtErJrll
i+-ll
YD(

(*
lelM

,{D(Y)

cF

ieUS

w1,w2

'/G)

F',t
(r)tl$t

W-X
dltJl

tslcriiJl

0.9

t!-JE
z3 20

llrl
t.,;ltrl

1988

W2+Wl
0.8

l+JE
28

31+15
2

l+.:l

-rslr
1876

1r--l-r.

tzrtrJS^ill

W=X
t5?]u.,JJl

0.7

\r"JE
34 23

lrrl
(rrJl+

lrlLjl

,,:. 'llj (Y) ,J."J iirr^.rll i,Cls d! Ain-r

i:r.-Lrr,(0.9-0.7) !.rH L grl-F YD{ 
"rr 

(X)

s' Jl ct -bi!l (.F$ {r.}..-itl dJ$-.J fl J'... J

',rli 
l-i

,i-$rr t2)lStage House) I+ J'S!l cJ.tJ .l

g:3r-.ll o1,- or l.p3 1"lir.-11 l$J.ll f.cL"ai

g.--5:r gUn^".11 Jal F-rll {J-llS cl,.i.ir dlblJ

,[28],yt+ll lai.r :-Pr / i,r..ili

i.'' rl g l}'ll1 .jfrJ uut iil'"'! dCe ilrls- i,l '2
.[2]c'.rll

s,-^,,I Gl.-bi!l dilr'DJFill LiK^ill dsi-l fio .3

i.- i-..rti!l 1-*r.-ll ot-.Is":ll OY .!r r5r

,gr;+$ dl6.j,t! ."ilJ) ,u i.,;*i.!l c.ielJirll

dE,-J j !t---J llr-. d5--l 6MeU! .,a- ' 1ry 
(t)

'cJJoJI
i .Jl.r-:-rll A---ill d,li jiJl i'li| .J-t - Wl

.dr^.ll

.drJ !r,jg \rarJ $.iI <.rli J*lsll irli|l L6 !a ' W2

: J r|| .3tel--aitl c.J:. r n (,El| euitlr Ur r5^d {2)

.gJl*! 6l.Ll: 6ilr i*$+ll qrJr-!{ islill

l1,ull Jra! l+.Fll i.r$ :(4.3) d1ll+

.143lur!)l

,ill llJl JrJ lr.+.:Jl i-"ill :(5.3) tJr+

' [23]rr-,r$ll c.rll"u$

rfr3r ar.Fll l+-.i!l gJr

lelt${rJ',.tJl l-d.ll t+itll

tt7'4 I ---a )./ 'l. 4'5

r.l

lJi.r!l

dJSJI

)-S! ,,.--"ilJ| i+-ilt e,.L".ll L.d riL.r

p1+.Jl r5.u-^! &!l .1l;,ll ol C!:."1 dJr.a.ll

p+ a:U di .(.l'ii/ 31. 5.2) I o:i!.I $a iD+

,r--!o l:L--..iel \p.LS-l ,rf a.:\.jl ,or.; ! rf i.cUI!

.lglleull si u,AJ riln L+l"

jS-i or.lL-i li..Ul 6t"lJall c,5.r cJJUi

:t-.r!l ,---+ | +i ol+,..Cl ,.1':"q cl:r3 el;ill
r. t-r,LJ i-iii,!l dsrlt lt;ilj etnilt:jDtill

(X) rr-l-tt l-Dli$ JL$lJr1,ii].tl rt r.!l .y;
.[2s](z) gtr_1Yt3 (Y) &Jrr

l_ii Ljbi-.ll cJlsill ,.J.-bii J ,,-,,it t-l

,t$l dt ,j-yl .*3L! (Jl'. i-,. l*i dsri ii)j d$Jr

rls-ir (Fan Shape) L .!l tJS- urr uJt>.:!t

cF-ilr (Horse Shoe Shape) u.J--i$ '.-1or

!+.+ C+r [43](Rectangular Shape) r]l;-.tl
dJr+,Jl si Jt---ni-yl ,:,."-J X < Y g;r.,ll g^.i

:(6.3)

rl1y'3rl1.1 J l*,i!l gJ',

leU$dJc.ltl i..ft ll l#Jl

te5.7
3, 5 'l-4.2

(4.6s &rD 'e4

!.1

!)J!l
i$r.''"yl

r39
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3 3.2.3

:.jl.all rl$l
.\r"--r )L! | ,p i.etitl a;.-.j ,rt g-;r.$t .."!
-t-linll Lr Lr 4-rri: Jl liln)Ln b.^Jt iJt ,ll

si ,t I . ', U-3l.ai' CIl:r :"rI gJc, .il*)lr
,riJ,.-I el$l .1.13 .,.le rel-,i l^oUlt tr-j g*}

: t{j..

di-t rjljilt <iiFt iiLlll ('i rj-ilt ibt6 .1

.[8lreli"ll

ir+r gj'lr.ll ils"i. d'. cJFlrJlJ eli.ll LE- J+r5 .2

c;:-.oll ,,, ,- i+n - J+l g 1:.ft, eii-tt

.[7lJ slll
d...- d+ e_cEu l__+,Jr.Jt t*j!t i+r ii .3

rr+ LS g.fll l,c+r-l dl .!i'-ll crl.tSr:ll

i--L :l.r-.+ (Seats) rcl-i^lt , :rt:". ,rll clb

u.ii elleJl $lFl rjJJ.I u.j dJL'.I..a fuJl
. -l 

'l-$l 
ri!,.. 

-,11c t^eult oils tij srr l4il
.[8].J-].J

srL.,.ll r|.iitt gJ tl r.atl .J/... ii...4.2.3
:ai.r,.aj| rl.fl ,b c ,!i r

Jr*j. j,rts C-r;,".J1 ,r^. Cf 1+rl ul

dl ,ts JJ"-aall rAj J"fL.I (3J,.-Il d$r) dtr.
d e.l-!l . : tl iilel OJA qiri.alt O.. r,-
!:rlj r.-l$ lr.:j{ jJ.jl 6|J.l Jl iiL-b)|.,i

Jl-,:i. )l ci-.;rl c,1..'. dlll ,122f(35) sJl d.-t
:sr '"!' tl -p-. iy

tul-". diyl ,* t>,St..rg-r ,-.Jt .,;r.-.6i-r .l
JrJ.a. C--. 1l+-r!l rhll .L$. ge1 e- (10)

. [40]c!,,-ll
..'-le i,r..*ll d{-cEll a+L-"i fb'. ,t dyl .2

y'r.-il JJ.-il-' 1\.-ll lr.Lll Ot '+lt d-.-j

el-.iill ,j;t--+r, l:.rl dilr (#t5.ll C.'1"ill

iu.......a-.J3r + $r.-tt l|t,I"l| jS- Ji d qr+,3

'[23](r)'r" ;r1 t'1t1',

#Jll rl.' ;ll O..- ar;..a. c.,lrl. i g)er; p.r .4

srd-ll el;il C. iAbi. ,l iit -a.. c. t't;t ,l
dJn d iit4 rltll J":Li .,! litoJ e,.,,1 L.j!

'J--n 
oL..-,1sn)l 4+Jll sj}-ll ,t:!l ;"LiS or

9--t irJ+J.Jl CjUJ,ill jLi"3 d}5 ,rf ,i-3.;r.lt

{jjt--}ill Cl-l!)tt l.,)rrlt _)rJ :r .rl c-,lqtill

eLiill ,.1. I'j+ OrS3.'!-r r#-tl rL:itl slg.

rJS-+ OrS rij . di.aii. eL:i taJl+icl OS., )r
iJl fi!,Jl CrLi-g rs& J lJuira drlJJ.i.

e-- d--^i11 e--.+Jll rl,.:i! slc' l{:.c-iJ4
J-r'r'- sE,! !-r -pl+ _,$ Lri,".t. tl _,r^-.

.lllJS\ ,r]t :i ,'"J$ qrl

l,ril.ij)l J.-Urll dF ,rs-Jl et;ill 5li i_,1-1 q.b .5

d.lll LiFa! e-jJJ+ll Jl el .' :I lsJ srl

& rr+rl !-tt* ipl gi :e,1 prcj g.r,.+ll

J.-t---j'.ll ir,r,Iill c_i .iJl siii l-rs J_-&lt '$
dJ.Ul O,G iihi,-ll t{-/..'iu,-iriJl +6tlJ)l
:lJ!" ! bJEl" litju,j)l *,! i.r rJt c,t+-Cl-r

r-}ll L&tr sL*trr O,...a j [35lCj."jl

vi tJ,.{!r Jt. I sjtj,iyt rL!,i!l & i,Jtjyl
.1381;, "

i---"Slrll g_;.1+-.l1t ll \r't ...1 p' - .6

o.-l+ , rtr 4..l_r ,./ (Reflected Surfaces)

,fL+J.ll cjrlsljl lJlc d..t t{$ ,nr!: c.tr:rl,i.!l

.1271,.u ,5;* iO-,

dJjI dul iJ^lli ,3rr. d L:j rJ"iJ clls.t*rtr .rt_6 
(t)

.[24](Creep Echo)
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iJ g..at ' r: 'rl l.slL. dl.i Crp illill 1..,p.31

'y-; ,', l- t-Jjiil" I iJ. lU f+f sIoJ lt;rr

d.-.tj$. ilj {.JE!,Jr 1...-.ll d$.ii di-Il
g-e';r-.i o!ii-"11 di*rirr,. &)j .,.b cJrr3

drl.:.-..r-, gr llLll .t+iill drt{SJill d ,-lL"Jr.".ll

t$-. i,. ,'.-1. dll 'c;r..,p rir 3' 'r#<1J t.liJ
r.---.-j.ll qtr.lt 

"-r+ll i,liFl- ql Lldfs.J|+Jull

.1 s+ll .q,ly!l .,;slt ,j+I L+.'.r. tt u\Sto

.-,-.,,1i" gj-i S+.,J .,Jc rct-l L. cl Jl cr,-L

.[5]'':r. rr

.uLjJtl L1i1 i1.-_j 9j i...l.ll :l!l pbi3-l .2

'l28lkl i^,'ll!l

r -u! irilill d,lJa+.I d iJLJI .iyll f.si-l '3
s.l,ii-ua. ,,{ a.-Jl+ riFr oJF-ll {/Srr fJiil

.[20]ou.$t

LJlll CJ'-"ll.1 F,r.-!l i-.,-.Jl rJt-,| .4

ul-il$l cg,Sul c-r.iiJ ro,-+i g,. io.palt)

FC (d1... i.IJ[ r1sil-J$ atr$rtl .g... -r]l
l+-l l-*lFl.r l-"Sall lir,.-!l :Jtl"il

grL-,tl i-,J 4-i Lb .[2]i.jilill cti+!
Jl+!l d.,l-iel.' ,..1,. l.1.;s ol s'+, utJ
dl t--.S .[3]i-e[tl ei;r3LJ d-'l],'$ iFr.tl

,/ .r$l 
'l-FJ .,{ O.l,Sr ol s-++ ClrSJl '{r+ri

ol ,J+J LS 'i;"!tr.ll 1.!. J.-I li|.Lll (,l,! Ji56

6Ji ,'.---.^: "o!r.I C. f,.S.j.X elJ,"!l d.-r
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:+ll5l \trJ ii.rJill

e,-..J1 el-:ill dilJs.l i$j.X d.ilil.lt ij)
eir.-Jl ,h!l leliS,rJc J.il+ cJs4 J-! {.lt-r,.J!r
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