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The present study is part of a project to design auditoriums with no amplifier systems. 

Designing acoustical parameters for good acoustic qualities normally does not receive much 

attention In the design process because not only is it an abstract concept but its benefits are also 

intangible. As a result, there have always been problems With respect to designing acoustically good 

auditoriums. This thesis aims to identify the parameters affecting auditoriums' acoustic qualities, rank 

those parameters according to their impacts, and apply the results to determine gUidelines for 

designing auditoriums which have good acoustic qualities. The study draws on theories and data 

related to designing auditoriums for sound flow control, external and internal noise prevention, and 

internal acoustics and sound flow control. 

The research procedures were as follows. To begin with, three acoustical parameters were 

determined, namely the al.!ditorlums' physical features, resonance values, and noise levels. Then, 

these parameters were given scores in order to establish an index. In this process, each parameter 

was analyzed In terrns of the qualities and techniques of controlling echo, sound absorption and 

distribution, and external and internal noise prevention, with design standards for acoustic quality 

control being taken into consideration. 

From measuring the acoustical values of three samples, It was found that the parameter with 

the highest impact was the physical features, followed by the resonance values (RT60) and the noise 

levels (NC). After that, assessment criteria were set for each parameter, and then acoustic quality 

indicators were determined, ranging from 0.0-3.0. 

The results from the analysis of the parameters were applied in improving a prototype 

auditOrium. Computer programs were used to calculate its cubic volume and determine its echo 

direction and sound distribution. As for noise control, the wall was modified, e.g. padded, to prevent 

external noise, and the air-conditioning system and the electrical equipment were adjusted to 

prevent internal noise. 

Depa rtmenl 01 .. ..... Acehileel"e..... . . . ... ... .. SI"denl' 5 5 ;9nal"e ............. ~ .... . ............. . 

Field of study ......... Architecture .. .............. Advisor's signature .... .... .................. .. .. ~ ...... .. .. . 

Academic year .. ...... 2008 ....... ............... . . 



~YltnilYi1J{~U1J~~1L~~~'l~~'lt.J~~'ltJf'l'l1).Jntn.n~tl~ 1'1 . III 1. ~1JYl1 1i ~qJ1fim1 tl1~1ffi~ 
mm~n~YltnilYi1J1f ~l'1tlt.J 1""~1mnkn LL~::~1 LL1J::tl1 "1~1 ~ LU1Jl.h:: LtJ'IlUtlth~~~ 11Jmi34'tJ n~tl1JYi1::f)ru . . ... - "'1" .!'I . 1 %. ... 'J'f'1 . 'Il~fi tl).J~IIl).J Yl ~f'l'l1).mtru1Lu1Ju'J'::fi11JPlru::n'J"J').Jmffitl1J ~tl~tl1JYi'J'::f)ru 1f'1 .IIl'J' .'l'J'nruTl \110.11 

m~~u. tl .1Il1.'l'J'nYl'J' ~~fIlL1"IU~Yli ~::I'I'J' . Yi~,;,rn~ i'tJflJJlff'1):jfl~ ~1""fl'l1).Jntru1LU1Jf'lru::n'J"J').Jm'J'i'ltl1J 
~tl~tl1Jf)ru 1JI~111l~~nYlfYi6u~~u'J'::LYlf'11YltJ LL~::~Yltn~tJriiffi1~f'l~~U ).J . ).J~IIl~ ~1""~tl)J~U1::ntl1Jmi34'tJ 

1Itl1ltl1Jf)ruflru1~11U U~::L~1~U1m1JJl1f'li'lCl1trlJltJn'J"J').J1'I1i'llJlf ,l11~~n1nr).J~1~Yltn~tJYJn 

Yl11J~1""Pl'l1).J'1I'lm~~tltlth~~ ~tl'!ltl1J"lru "lrurl~tn ~1).J~t\J1J::fl~ LL~::1Jn;YlL).JLn~L'Il~i1J 41rllll ~1mtlmi'l 
LL~::m1tlU1Ji'l't1J~~~11JL'l~1 YJ1JYlfYiu LL~::~~t111J'ltJm1"1~1 ~tl1ltl1J"lruf)ruil~ ticycy::).Jru ~'Il'ltJ1""m'J' 
i'lU1Ji'l't1J11Jmni1~4'tJ 

Yl1tJ~i'l~~ f'lruf'l'l1).J ~ LL~::nl'l~~~~U~Lnlll):j·nn~YltnilYi1J{L~).J~ LU1JeJ~).J1~1n f'l'l1).J L).J1JI1JI1 " , 
ntru1 ~tl~UIll1 ).J1'J'1Il1~f'ltltJ1""ih~~h LL~::flru1"'1ffiYJnvh1J ~U1::~YltU1::f'l1i'lUl'll1f'l'l1).Jfvi1~Yl1~~'Il1m1 

LLriqrl4'tJ ~~1ItltJn"lruM1).J~L~~1~1J LU1JL"~~\I'Il1Yi1::f)ru ~'ltJf'l'l1).JL"1mLL~::inm1::~~ 



~, ~ 

UY1I'1ff1!.Jtll1'l~ ~Y1!.J .. . . . .... . ......... . ... .... ... ......... ... .... .... .. ... . .. .. .... . .... . . ... ... . .. . .. . .... . . ... .... .... . ... ~ 

UY1~ffltJtl11'l~tl,m~M ..... ..... . .... . .. . . .. .. .... .... .. . ... .. .. . .. . . . .... . .. .. ........ . .. .. . .... .. .. ... ............... . ... "1 

ii IJI ~ munh::n'll'l . . ................. ..... .. ....... . .... . . . .. . . . ... . ................. . ............. ... . .. . ........... ... .... ~ 

~'lrucy ..... .. ............. ....... . .... .. . ..... . ............ .. . ...... .. . ... .... . .. . .... ... .. .. . . .. . .. .. . . ...... . . ............. 'I! 

~'lru CYIJI'l't'N ....... . ........... ....... ..... ...... .. . . ........ . .. . ........ .. ............................. ..... . .... .. .. . .. .. 'VI 

~'lruCYI1'lYl ................. . ... , .. .... . ........ . .. ... ................... ........ .. .. .. ............. . ................ .. ... .. cy 

~'lru ty u.~U1Jij . .... .. .. .. .. .. ... . ... .. ... . .. ..... .. .. .. .. ......................... .. ... . .... . .... . .. ...... ..... .. . ... ..... .. {) 

tlfl;l1 tlflU1 ...... ... .... ..... ....... ......... .... ................. ...... ...... ......... ... .. .................... .............................. 1 

1.1 1'I')'ll-JLih.!l-J'lU.fl::I'I')'ll-J~'l~ty'lltl~i1cy"n .... .. .............. ............ .. ... .. .. .. ...... .. .. .... .... .......... . 1 

1.2 1'1JI'l1..h::~~P1....... . .. ... . . .............. .. ... . .... .... ... .. . . .............. .. .. .. .. . ... ... . .. .... .. .. . . . 3 

1.3 'IltlUL'IlIJI'lltl~n'l1~n~ .. .. ............. .. .... ... .. .............. .. ....... .... ......... .... ........................ ... ... . 3 
... _... '!5 

1.4 1::LU!.JU,)1m'l1I'1n~ . . . . ....... .. .. ..... . . . .. . .......... .................. . .............. . . .. ... ... ...... .4 

1.5 l..h::t!.J'II,r~I'I'lffl~'l"l::l~fu. . . . .... .. . .... .... . .. ... . .... . ............ .... ........................ . .... 6 
., ... 

• 0 ... ~ ....... 

1.6 1'I'l"l'lnM,)'ll-JL~Yl'l::n'l1I'1n~I'INt.l ..... . ........ .. ... . .... .. ... .. .............. .. ... .. . ..... ..... 6 

..... ... .... ., ~ ... " 
tlflfl 2 flq1tilLL.::LL\l'lfll'l1JJfII"flLn!J'l1lfl02ntlO1f'l~!J .. .. ................ ................ ... ................... ........ 8 

2.1 n'l1tltln u.uU~tl-11..h::1l-J .......... ... . ...... .. . ... .... . . ...... ... ...... ..... ....... ............... . ... 8 

2.1.1 'Ilt.l'lffl'lltl~~tl~1..h::1l-J .. .. ...... ...... ........ .. ........... .. ...... .. .. .. ................................. 8 

2.1 .2 pJu.uU~tl~1..h::'Ill-J ....... ................................ .............. .... .. .. .................. .. ...... . 8 

2.1.3 pJu.uUL')Vi~tl~1..h::1l-J ..... ........ .. .... .. .... .... .. .... .... .... .. ...... ...... .. ..... ... ...... ...... ... 10 

~ ~ ~ ~ 
2.2 rI,)'ll-J, "t.l3'lt.lLnmnULrl!.J~ .......... ..................... ............ ... .. ... ... ... ... ................................ 13 

2.3 rI')'ll-J~L~!.J~ .. ... .. ... .. ........ ......... ..... ..... .. ... .... .. ............ ......... ... ... .... .......... ....... ................ 14 

2.4 1'I')'ll-JL1'"l'lltl~L~!.J~ ... .... ... .. ..... .... .. ... ... ... ...... ..... ....... ...... .... ......... ... .. .... .. .. ... .... ....... ... ... .. .. 15 

2.5 fi\')'ll-JL;rl-J'Iltl~L~!.J~ ...... ..... .. .... .. .. .... .. .. .... ...................... .... .............................. .. ......... ..... 15 

2.6 1::~UrI')'ll-J~t.lL~!.J~ .. ... .... .. .......... ................... ................ ......... ................ .. ............. ...... . 16 

2. 7 l-J'lIJ11Lti1~LUfl .......... ..... . .. ... . . ... ..... . .. . . .. .. . ... ... .. . .......... . . . . . .. ..... .............. ..... . .. 16 

2.8 1::~UL~!.J-1L,)"I~ .......... . .................... .. . . .. ....... .. ... . ... . . .. . ... . ..... . ... . .. ... .... . . .. ...... 17 

2.9 n'lffi::Yftlt.l'lltl~L~!.J~ ........................ .. ................ .... ........ ..... ..... ...... .......... .. ... .......... ..... .. 18 

2.1 0 n'l1I1Jffln~t.l'lltl-1L~!.J~ .. ... ... .. .... .............. ...... .. ... .. ........ ..... ... ... ... ........... .... ................. .. .... . 20 

2.11 n'l1m::"I'l!.J'Iltl~L~!.J~ ... ... .. .......... ... ..... .. .. .... .. ... ..... ... ... .... .. .. .. .. ... .. .... .. .. .. ... .... .. ..... ......... 24 

2.12 u.~~~n'lLilfflL~!.J~rumt.l .. . . . .. ... . .......... .... ... ........ . .................. ....................... .. 24 

2.13 LnN."L~!.J~ .......... ............ ... ... ... ... .... .. .......................... ........... .. ........................ ............. 27 

2.14 Reverberation Time .................... ........ .. .... . ............ ................ ..... .. ... ......... .. 29 

2.15 n'l1~~tJ'lt.lL~!.J~L;r'l11'l!.Jlt.l~tl~~ffi11'l!.Jlt.ltl'lrl1L ... .. .. .. .... .. .. .. ... .. ... ... .. .. .... ... .... ...... ... .. .. 31 



'II 

.. 
~U1 

2.16 ~1m'1~Ck!L~tJm'1~-3cJ1UL~tJ-3 ............................... ................................ ..................... .... 32 

2.17 iUm'1~Ck!L~tJm'1~-3cJ1UL~tJ-3 ............ ... ............. .. ........... ..... ..... ....... ........ .......... ..... ....... 34 
0-

2.17.1 ~.nr-3YiUiuL~m ...... .. .... .. .... ...................................... ...... ........................ 35 
0-

2.17.2 ~.nr-3~tl-3iUij,jtl-3~1-3mmf'l ........................ . ............... ... .... ...... ... 36 

2.17.3 ~U-3~~l-J .... ....... ... ... ..... .... .. .. ...................... .... .... .... ... .. .. . .. ............... .. . .... 36 

2.17.4 ~U-3n'1Cu~Lil~,jtl-3Lil~...... .... .... ........... ... ........ .. ............... .. .... . 36 

2.18 '1~U~U-3tl'1~t1~,..~.:j-31U,j')tJ~~L~tJ.:jnJn')\L ............... .... ................ ...... .. .......... .... ... 36 

2.19 1fim'1'1')U'1')l-J'tllJ~ .. . .. ...... ......... .................... ................. ..................... . .... . . 37 

2.19.1 f'1')1l-J\UntJLI.~::f'1')1l-J~1,yCk!'!Itl-3mrl~ ..... .. . ........................ ........ ............ 37 

.01 nJ" if .,,, ., il .. tI .01" i .01 .. 1.JfIfI 3 m r.:La.lU ~~8 1f11,\! Um'lttttnu1.J1.J~tt.:l r.:1a.1LYtttll'l1.:1'2a&Jl1YtL 8.:1f1" .... ........ 40 

3.1 ~~nm'11Um'1tltlnLl.Uu,xtl-3tl'1::"lll-JL~tlUtl-3nUL~tJ.:jrumu 
"I1n~m~L1.')~fttll-JmtJUtln,xtl.:jtl'1::"lll-J .... . ... .... . . .............. .. .. ...... .. ... ................. 41 

3.1 .1 ~')L1.tl~L~mnumrljtl-3nUL~tJ.:jrumu 

"I1n~m,.. Ll')~fttll-JmtJUtln,xtl.:jtl'1::"lll-J .. ......... ......... .. .... ................... ..... 42 

3.2 ~~nm'11Um'1tltlnLlUU,xtl-3tl'1::"ljl-JL~tlUtl-3nUL~tJ.:jrumu 
"I1n~m~Ll')~fttll-JmtJ1u,xtl.:jtl'1::'!ll-J ... ... ... .. .............. ............... ..... ........ ..... ... .. ........... 46 

~tl"'.,J ~ _'1 ~~ 3.2.1 lJI,)L1. 1Y1Lnmnumrutl-3nULrimrumU"I1n 

~m,..Ll')~fttll-JmtJ1u,xtl.:jtl'1::'!ll-J ......... .................................................... 47 

3.3 ~~nm'11Um'1tltlnLlUU,xtl-3tl'1::'!ll-J~tJm'1f'1')U"ll-J"lN1l1,..tl::I:J~~n~ 

Ll~::m'1L~UYn.:j'!ltl.:j L~tJ.:jmtJ 1u,xtl~tl'1::'!ll-J ........... ..... ..... .... ........................................ 48 

~tl.,J.,J ~ ~ -.£ 
3.3.1 lJI,)L1. 1Y1Lnmlltl~nUm'1f'1')U"ll-J"lN1l1,..tl::l:J~lJInri 

Ll~::m'1L~UYn.:j'!ltl.:jL~tJ.:jmtJ1u,xtl.:jtl'1::'!ll-J .......... .... ..... ... ... .... ................ 49 

_I - ~......" tl 3.4 m.u'1::Ll-JU"lN1l1,..LritJ-3't'l~'!Itl.:j~tl.:j '1::'Ill-J ...................... ............................................ 57 

3.4.1 mrn"l1'1ru1~1'1::~Ufl::L1.UU'!Itl.:j~')Lltl'1 .. ................... ......... .... ....... .. ........ 57 

3.4.2 mrn"l1'1ru1~11'l::LlUU'!Itl.:j~')L1.tl~~.:j~~lJitl 
~.,J... "tl f'lN1l1,..LritJ-3't'l~'!Itl-3~tl-3 '1::"lll-J ..... ........................................................ 59 

3.4.3 ,j').:jfl::LlUU~1~futl'1::UjU"lN1l1~tl::I:J~~n~'!Itl-3,xtl.:jtl'1::'lll-J .... . .... .. ..... 61 

.01 .. ~ .. .. tI ..,,, i .01 .. 
1.JfIfI 4 m'ML"'l1::mltt~.m'lttttnu1.J1.J~tt.:l r.:1a.1LYtttll'l1.:1'2a&Jl1YtL 8.:1f1" ....................... 62 

- .f:" 4.1 m'1')LI'I'11::lII'!1tllJ~ ................... .............. ................. ... .. ...... .. ......................................... 62 

4.1.1 mi3Lf'1'11::lf'tllJ~~1'1::~u~')L1.tl'1n1J,xtl.:jtl'1::'lll-J 

"" % ... ~ ~ .. 'tl .. ~ 62 "1.~.:jL')tJU lJI~1~~~n't'l~tJLl~.:j '1::L't'ln~'t'ltJ ............ . .. . ... . ... .. ....... . .. .. 

4.1.2 mi3Lfl'11::lf'tllJ~~1'1::~u~')L1.tl'1nU~tlLl~~.:j~UlJI1 - .... - ~ ~ - .,-')'t'lmfltJ"l'1m.:jfl"~u l-J~1,)'t'lm~tJl-J~~fl .. .............. . ................... . .. 66 



01 

tI,,;l5 tI".'{t1LL.::,j'tlL.UtlLLU:: ......................... ............. ....................... ............ ..... ...... ... ..... .. .. .. .. 76 

5.11JYli'ltU ..... ... .. .... .. ... .... .. .. ............. ... ........ .... .... .... ... ........ ... .... ............... ..... . 76 

5.2 ~fl Li'll.lfl u.u:: ...................... ....... ...................... .... ... .............................. . ........... 83 

5.2.1 "'ftnn·111l.lm1flflnu.1J1J~fl~lh:;'~ .. .............. .. .... .... ... ..... ............ ... ... 83 

5.2.2 "'ftnm11l.lmffiflnu.1J1J~fl~tJ1:;'~~I"'fu 

n"nn~1JnmUm;{Lf'l~~"mm~u~ LLfl:;'WHLI'l~~"mm~u~ ...... ....... ... .. .. 85 

., ... 
'71!1nl'ltll~tI~ ..................... .. ... .... .. ......... ............. .. .... ... .. .. ......... ...................... .................................. 86 

1l1P1e.1U~n .......... ..... .. .... ..... ... ... ..... .... ... ......... .......... ...... ..................... ... .... ....... ....................... ............ 87 
~..J .... _ '!!I I ... 

1l1P1e.1U~n n ~11J11l1l.lYlLnU'l~fl~n1J~~Yn~ml~L~U~U.~:;I'l')I~~l.li'l:;LYlfll.l 

"fl~tJ1:;LYl filL YlU U.~:;~I~tJ1:;LY1I'1 ..... ... .. . ................. ...... . ..... ........ .. ..... ............ ....... ..... 88 

1l1P1e.1U~n "II Sound Transmission Loss U.fl:; Sound Transmission Class 

~1",fu~t!~ ............. ....... .. .. . .... ... .... ..... ................. .. .. .. ......................................... 92 

... ~ .tt • I , ..., 95 
1l1P1e.1U~n PI ~~m1')~L~U~ lIIfl~u1::,~n~~IJ1,)flU ·N .......... ..... .. ................................... .. 

to. 1 ,... , 13 
ll1P1e.1u~n ~ mYi"'fl~u1:;'I1~nfl~lJ1,)flm~ ... ... ... ... ... . ..... ... ...... ................... ..... ........ .... 1 

tI ..... ". - .. ., 
'l::~"'~L"II!lU~"!l1U"Ufi ... ...... ............................ .. ................... .. ........................ ... .. ..... .................... 115 



., 
\4Ul 

ltl~ 1 . 1111YiUi'l"'.ml1Ui'l",.ai11~LYl"''Ul~tl~Yi1::YfYlfiL~111..11'U~I'SJ\J'I!I ............................................ 1 

ltl~ 1.2 Ui'l"'~n1ffiC;}Yltl1..l~tl~L~tJ~11..1tlln1f't .. ... ... .. .......... .... .... ...... ...... ... ..... .. .... .... ................. .... ... .. ....... . 2 

..J ., d .J ~ '" 
ltlYl 2.1 ltlU1J1JVlfl~tJ1::"l~riLVlfttJ~~1..I~1 ...... . .... ........ ... .. .. ..................... .. .... ..... .................... . .. 9 

tu~ 2 . 2ltlU1J1J~fl~tJ1::"l~ltl~"' .... · .. · .. · .. ·· .... ·· .. ·· .. · .. ······ .. ······ ··· ........................... ............ ....................... 9 

ltlYi 2.3ltlU1J1J~fl~tJ1::"l~YlNLiiflmh ............. .. ................. .. .. ... .............. ........... .................................. 1 0 

ltl~ 2.4ltl U1J1J~fl~tJ1::"l~ U1J1Jltl'l~nft~ ................................................................................................ 1 0 

ztJ~ 2 . 5ltlL'lYitJftltJ~fl~ .. ..... .... ............... ... ......... .............................. .......... ......................... ... .... ....... ... 11 

ztJ~ 2.6ltlL'lYlLU"' ......... ............ ........................................ ................... ................... ............. ... ...... ... ..... 11 

ltl~ 2.7 L'lYitl l "1t.n ........ ... .. ..................... .. ........... ..................... ................. .................... .. ..... ........ ....... .. 12 

ztJ~ 2.8 L'lYitJrul~ ........... .. .. ................................... ..................................................... ................... ...... 13 

..... I..l 2 9 -J. • ~ .. ~ -J. .. - ~ ~ ,wYl . n'l1..li'llf1l'1l~fl~f'lft'ULritJ~ Ui'l"'~n11n~f'lft1..l Ln"'n11fl"'Uft::~tJ1tJ(;l'l .......................... .............. 14 

ztJ~ 2.10 ~~l1lnn1::Yl1J ............................. .............. .. ....... ................................... ......... ............. .... ... .. .... 18 

' oX ' 
ltlYi 2.11 n1ffi::~fl1..l~fl~L~tJ~1J1..IVi1..lYiLth .......... .. .... .. ............................ ........... .. .. ........... .... ............... .... 19 

' oX ' 
ltlYi 2.12 n11i'l~fl1..lL~tJ~1J1..IYi'UYl~1..I ......... ...... .. ...... .. ............. ...... ...... ................ ................... ... .............. 19 

ltl2.13 Ui'I"'~tJl1n!Jn11ru~tl~L~tJ~~n1::Yl1J~~~ ................................. .. .......................... ........ .. 21 

..... I..l ~ ~.. ~ oX -
,wYl 2.14 n11n1::~"'n1::"IltJ~fl~LritJ~~fln1::Yl1Jn1JYi1..l~'l~t1l1:: .............................. ................................ 24 

..... I..l ~ ~..l.. 0 0 _ ."I 
,uYl 2.15 Ui'l"'~n11m::"IlmritJ~'1Itl~LritJ~Yl~UVlft~n1L'U"'Lu1..l'''' .. ... .. ... .. ... . .. . . .. .. .. .. ... . . . ... .. . .. ... .. .... 25 

..... 1...1 ~ ~..l.. o . - ."1 .l' t wYl 2.16 Ui'lC;}~n11n1::~lmritN"Ilfl~LritJ~Yl~UVlft~n1L'Ut'lLu1..lLri1..l ............. .. ................... . ............... . 25 

tu~ 2.17 UM\~n11ri~~11..1L~tJ.:JU1J1JI1lNUft::U1J1JYl1~~tl~ .... ... ..... ..... ...... ... ... ..... .. .... .... ....... .. ...... ........ .... . 32 

ltl~ 3.1 Ui'l"'~n11f'l'l1J"'l~L~tJ~111tJ11..1~tl~tJ1::"l~ ........... ...... .................. ... .............................................. .40 

ltl~3 . 2 ltl~c;}ri'l'U'1Ifl~~fl~tJ1::"l~~LVI~I ::i'l~ ...................... ...... ...... ........................................................ 50 

tu~ 3 . 3ltlLL1J1J~tl~tJ1::"l~ .... .... .. .... ... ................... ............................................ ...... ..... .... .... ... ..... ....... ... 50 

ltlYi 3.4 Ui'lC;}~~11::~1Jf'l::U'U'UztJtN'Iltl.:J~tl~tJ1::"l~ . ......... ...... . ...... ........ . . .. ...... .. ............ .. ........ .. . 57 

ltlYi 4.1 LLi'lCMn11rilV11..1t'l,,,,1c;} NC ~fl.:JtJ1::"l~ ,., . ~~ejtJ'U .......................... .. ....... ........ ................. 63 
o >-

.... I"" • ~ - ~. ~ ". 1 % .. 
,uYl 4.2 Ui'l"'~n11n1V11..1""Ci'I'l'" RT Uft::''''(;l'''I1l~ftl LYi.:J Vltl~u1::"l~ "' . n~L'ltJ'U .. . .... .. ................ ... ........ 64 

ltl~ 4.3 n1nl1::d:i'U,jl"'lNfllYifl::':li'l~nn"lltl~"'fl~tJ1::"l~ "' . ~~L~tJ1..I .. . . .. . ... . ..... .. .... . .... ................ ... . 65 
o Q41!'" 0... ...... .... ~ ... 1 .. 

,uYl 4.4 Ui'lIMn11n1V1'UCi'I'Ci'I'lCi'l NC VlflUflCi'l~"'1..I11l1 'lYltJ1fttJ"Jffil~l'1r1ftu ~.~VlCi'lft ........... . .. .. .. ... .. .. ..... 67 

ltl~ 4.5 UflCi'l.ml1rilV1'UCi'I,Ci'l1", RT Uft::'Ci'I~Ci'I~.:J~ILYi.:J VltlLLM1~"'1..I11l1 
i)YltJ1fttJ"J1tJ1~l'1jii1ftU ~ . ~~"'R ............. .. ... . .. . ... . .... ... . ................... . . .. ......................... 69 

..... 1...1 4 6 _I - 0 - .£. .. - ~ - ::1.'1 ,w Yl . n1.u1::~1..I1'11"'lNfllYitl::':lfll1lnn"lltl.:JVltl Ufl"'~Ci'I'U11l1 'lYltJ1fttJ"Jffil~ filrlftu ............................. .71 

ztJ~ 4.7 UflCi'l~n11rilV1'UCi'I'C;}1Ci'1 NC "'fl~1J11tJ1tJ 208 f'lru::flC11ill1ltJnn~"'lfl1;lf 
d ........ 

, nlft~n1ru~Vll'lYltJ1fttJ ............... ........... .... .. .... ....... ... .... ... ................................. .. ................... 72 



xU~ 4.8 u.~c;\.m11n1"'UC;\,c;\r)c;\ RT U.fl:;,,,;jc;\~~~1LYi~ ~f)~1J11t11t.J 208 

f1ru:;~mUIJlt.Jnn~f'!1~lJlf ,'ri1fl~n1(ili.J"'1~'Vlt.J1~t.J ...... . ................... ... .. ...... . .. . ............... 73 

xU~ 4.9 mnJ1:;Ujufi1"lruJ11Yif):;'!1~;jn6'!lf)~~f)~Unt.J1t.J 208 ji)ru:;~mulJlt.Jm'1~f'l1~lJlf 
.11 ...-., 

, n1fl~n'1ru~"'1'l'Vlt.J1flt.J ................................................................................. .. ....... 75 

... l-l 5 1 '" • -.. ~ k ~ '" -l ,~ 76 tu'Vl . u..,c;\~m'1n1"'UC;\'Vln'Vl1~m'1m:;41l1m~t.J~I'1'lt.J'l"I1J'Vlu.lJlnIJl1~nU ............................... . ........... . 
..J _.f.... "'!I 

pJ'Vl 5.2 u.~"~'Vlf'!'Vl1~U.fl:;YiU'Vl m'1n'1:;"1t.JU.fl:;~C;\'IIUL~t.J~ ..... .. ................. . .. ... .............................. 77 

xU~ 5.3 mYiu.~c;\~lif'\'Vl1~m'1m:;41l1t.J u.fl:;'Oc;\iuL~t.J~ .... ... . ..... ..................... .............. ... .. ............ 77 

... I'.J ,~ ""I' ".1 tu'Vl 5.4 U.~C;\~f11'1:;£'lUf1:;u.UUtu'11~"f)~"'f)~u'1:;'~ .. " .. . . ""."""."."""" ." .".".""."""." ......... . .. . 79 

pJ~ 5.5 pJ 3D LUM1YiU41l'UU .. .......... .... ......... ..... ... ... ................................................... ...... ... .. .......... 81 

xU~ 5.6 pJ 3D LU~mYiu.r'i1"e.J,r~~1U",~~u.uuiuL~t.J~ ......... ........................ ............................. 82 

... 1"" "" ~ "" -tu'Vl 5.7 fl11'l1'1L'1t.JU ~NL'1t.JU-.:1flL41l'1CY ....................................................................... ............... 83 

... I-l 58 ",' , ..1!'1 ",- I. .It "" ~ "" - 84 tu'Vl . U..,"~1Jl1u.",U~m'1u.1I ~"f):;~.,lJln~"f).:J.,f)~L'1t.JU ~NL'1t.JU-.:1flL41l'1CY ................................... .... . .. 



.. 
~U1 

... ::. 1 .... ~ 
U~UIJ~ 1.1 U~CiI~'!IUlJltlU Um1Ci11LUUm1P'1mn ..................... .. ........................ ...... .. ........ ............ ....... 5 

, - , ... ~ I " , 
~UIJ~ 2.1 U~I'I~"11:::CilULntJ~lJl1~1 Yl\lnL')'"IYl .. .. ......... . ........ . ............ ....................... .. ...... ....... . 17 . 

... ..1 '" .." "'!i U~UIJ~ 2.2 nnnYl1~')f'!')n1nJYlLnru'FlU~CiI~Lnru'FlL~tJ~ .. ... ... .... .. .. ................... ....... .. .... .. .. .... ... .... ... .. .. ... . 28 

u~UIJii 2.3 l'i1m1~ClJL~tJm1~~cJ1UL~tJ~'!Jtl~tI'lN~h~utJ11J11~fl')1~~ .... ......... .. .... ... .......................... ... 34 

u~UIJii 2.4 l'i1m1~ClJL~tJm1~~cJ1UL~tJ~ (STC) 

ill" t.. ., .. L ffiULYltJU1:::"'')1~')~(;J A nU')~1i) B ........ .. .... .. ........... .. ....... .. ........ .. ................. .. .. .. 35 

u~UIJii 3.1 U~"'~n11~mm1l'i1m1~ClJL~tJm1~~cJ1UL~tJ~'!Itl~~'!!~~~~ ..................... ................... ......... .44 

u~UIJii 3.2 n11~U~CiI~mm1l'i1ium1~ClJL~tJm1~~cJ1UL~EJ~ (STC) 

'Iltl~ ~'!!~'!IilCil ~1~l ..... .. .. ... ....................................................... . .... . .... , . . ....... . .. . .. 45 

UCJUIJii 3.3 U~CiI~n11~mm1l'i1m1~ClJL~EJmffi~cJ1UL~EJ~ 

'!Jtl~~'!!~n1tlljj'lltl~LtlCiI (TLc) .................................... ................... . . .. ....... ..... ........... 46 
_ , .. ..J 0 ... _ I 

U~UIJ~ 3.4 U~I'I~fn Reverberation Time YlL"'~1:::f'I~ f'l1"'nJn"'nn~lJl1~1 ............................................. 49 

... 3 5 do • ~ • J! '!i 58 ~UIJ~ . U.,IMI'l11:::CilUI'l:::UUUI'l1fl'l1~lItl~'Iltl~L~tJ~ . ... ... .... ........... . .. ... .. .. .......................... ... . .. 

... . ~ -,f~~ 
LL~UIJ~ 3.6 LLf'lIMfl11:::CilUfl:::LLUULnru 1:::I'IUL EJ~ .......... ... ... .. .. ..... ...... .. .... .... ....... ... ... ...... ... .. .. ....... ... ...... 59 

u~UIJii 3.7 LL~CiI~m1n1"'uCill'i1~1"''!!n'!Jtl~~'lutJrllmiYlfiYifl 
~tln11fl')U "l~ L~tJ~ 1 U""tl~tJ1:::~lJ ............. ...... ............................................................... .... .................... 60 

... 38..J • ~. 1 ... ... I. ". 1 6 
LLCJUIJ~ . LLf'lCiI~1I,)~I'l:::UUU~1"'nJu1:::L~U"lCWl1Yitl:::l'J~lJlnn'!ltl~"'tl~u1:::~~. . . .. . .. . . . . . .. . ... . ........ . ...... 1 

UCJUIJii4.1 LL~CiI~CJfln1rlCil NC ""tl~tJ1:::'Il~ '1.~~L~tJU lJlfl1Ci1"'trnYlmuu1A~tJ1:::LYlf'lLYlEJ 
.~ .. ~ • .,j ~~J! 

LuffiULYltJunUfl1 NC YltJtllJnJ ~1'1.. ........ .. .. . ..... . ... . . .. ..... .. ... .. ..... .... ... ... ..... . .... . ... .. .. .... .. .. ....... . . . 63 

~UIJii 4.2 LL~CiI~~flmrlll'l RT60 ""tl~tJ1:::'IllJ f'I . ~~L~tJU lJlfl111'1"'trnYlmuu1A~tJ1:::LYlf'lLYlEJ 

LUffiuLYitJunul'i1 RT60 ~tJtl~fuLIJl .. .......... ......................... .. ......... ....... .. ............................... 65 

LLCJUIJii 4.3 U~~HCJfln1rll'l NC "'tlLL~II'I~CilUIJl1 f)YlEJ1trEJ"ilEJ1~fl~flU ~ . ~~lI'Ifl 
.~ .. ~. .. "'~J! 

LuffiULYltJunUI'I1 NC YltJtl~nJ ~Il'l.. ..... .. .... ..... ..................... ..... . . .............. ...... . .. . .. .. .. .... .. . .. . .... .. 68 

LLCJUIlii 4.4 LL~CiI~CJfln1rl", RT60 "'tlU~II'I~"'UIJl1 f)YlEJ1trW'l1EJ1~I'I~flU ~ . ~~lI'Ifl w , 

.~ .. ~ ... ~~J! 
LuffiULYltJunUf'n RT60 YltJtl~nJ ~1I1 ............................ . .............. .. .. . . . ... . .. . ..... . . .. .................. .. ... 70 

LLCJUIJii 4.5 LL~CiI~~fln1rlll'l NC ""tl~unEJ1tJ 209 I'lru:::~Cl1i1lJltJn11lJjI\1~lJlf '"ri1fl~mnr~"'1f)YlEJ1trEJ 
.~ .. ~ . .. ~ ~J! 

Lu1tJULYltJunUI'l1 NC YltJtl~nJ ~ .. ......... ... .... ... ....... ..... .... ... ... .... .. ......... .... ......... ..... ... ............ . 72 

LLCJUIJii 4.6 LL~CiI~CJfln1rl'" RT60 ""tl~U1ffi1EJ 208 flru:::~Cl1i1IJ1EJn11~f'l1~lJlf '"ri1fl~mnr~"'1i5YlEJ1trEJ 
_~ .. ~ . .. ~~J! 

LuffiULYltJunUI'I1 RT60 YltJtl~nJ ~1I1 . .. .... . ............ .. ... . ... .. ... .. . . .. . .............. . ......... .. . .. .... 74 

... . ~ . n ~ 
LLCJUIJ~ 5.1 LL~II'I~fII11:::CilUfII:::LLUUfnf'l')1~ tl~'Iltl~L EJ~ ................................................................ 77 

- I" .... ~ LLCJUIJ~ 5.2 LL~CiI~1'l11:::CilUI'I:::LLUuLnru'Fl1:::II'IUL tJ~ .......... . .......... ...................... .. ..... .... ............. .. 78 

... ...I • .... 1 ... ... I. ".1 
LL~UIJ~ 5.3 LL~CiI~1I,)~I'l:::LLUUf'\1"'nJu1:::L~U"lCWl1Yitl:::f!l~lJlnn'!ltl~"'tl~u1:::'Il~ ..... . ... . ........... ..... ..... . ... 78 



! 

U~WJi1 5.4 U~liNI'i1fl'J1lJfltl~n~'J1U1u~1l1~i1'"i'UU . ....... ......... ... .. .... .. ................................... 80 

U~WJi1 5.5 U~IiI~f'i1f'1'J1lJfltl~n~'J1U'"i1nLthum'lJ ............. ... ............. ... ........ . .......................... 81 

U~WJi1 5.6 ~1iI~m1fllil'VltlU'IItl~l~tJ~1utl1mf'l ,xtl~th::"IllJ f'lj\~L1tJU 

~fl11i1~in'VlmtJu~~u1::LYlf'll'VltJ ... ...................... ... ............ ......... ........... ............................. 83 



., 
~U1 

1R1Tl-l 2.1 ~).J1.h::~Ylfn11~~iULflU-l'lltWr~Iil~1-l1- .. .. ........ .... . ................................................. 22 
'!I I 0 _ , 

~1Tl-l 2.2 LflU-lrumU"nnU\UNn1LU~1R1-l1 ......................................................... .. ... ...... ...... ................ 26 

~1Tl-l 2.3 LflU-lrumU'l1n~tJn1ruth::nt)Ut)11'111~1-l1 ...... ....... ................. ..... ..... . ..................... 27 

~1Tl-l 2.4 f'l1 Noise Criteria (NC) ~1~fuLflU-lUUl'lnTl'lj;f'llt)-l"'t)-l1'i1-ll ......... .. .. .. ... ............ .................. 29 
, 

I .. .... 0 ... _ I 

1R1Tl-l2.5 I'll Reverberation Time YlL~).J1::~).J ~1~run'lm1).J1R1-l1 .. ............. ........ .. .......................... .. . 31 

1Jl1Tl-l~ 3.1 U~/M~h~cyLflUn1~-l~.huLflU-l~1~'" (TLmin) 'IIt)-l~.nr-lc.J~).J ................................ .. ...... .. ....... .41 

1Jl1Tl-l 3.2 1R1Tl-lI'I'l1).J~).Jliufi TL U~:: STC 'IIt)~'lit)~'l1-ltl1n1P1 ............................................................... .43 

..J , ~ .1 "1.1 ' 1R1Tl-lYl 3.3 f11Lflu~rumU'I1n~umW 1::nt)Utl11'111~1-l1 .................... ... .. . ...... ... ..... .. .... ...... .. .. . .47 
, , 

.. , ~ .. - .. .1'" 
~111-lYl3.4 U~/MI'I1LflU-lrumUYlLnCi'lIll1nl'l'l1).JL1"lfUJ'IIt)~1::UUurutl1n1~tl11'111 .. ........... .. .. ..... .. ..... ....... .48 

.... ~ .l' _ , ~ ~ ".1 
1R1Tl-l 3.5 'lMlu1).J1N'fiUc.J'l Ufl::1'I1n11~fi1'11ULflU-l'llt)-l~t)-lu1::'~ 

f'I.~-lL~UU /JI~1fi1~ftnYlm6 U~-ltJ1::LYlf'llYlu .............. ......................... .. .................... ..... 53 

~1Tl-l 3.6 ri1u'lw'h1~"liuLflU-l1'l).J"'t)-ltJ1::').J ~ .~-lL~UU 

/JI~1(;1~ftnYlm6u"'-lth::LYlflllYlu ............................................................... ...... ........... .. ..... ..... 54 

1Jl111-l 3. 71~"l1f~1w~U~'lU~::f'l1m1~fi1iuLflU-l'llt)-l 
.. - ... - !:I.'1 -

~t)U~/M(;IUIJl1 'lYlU1~U~1U1~l'In~u ).J . ).J~(;I~ .. .. ... .. . ............... ......... ... ........................ 55 

1R111-l 3.8 ~1U'lw,.h1~"liuLflU-l1'l).J ~tlU~"'~Ci'lUIR1 

fjYlU1ftu"llU1-lI'l~flU ).J . ).J~"'~ ............... .. ..... .. ....... ................. . . ..................... ... .. . .. . 56 

~111-l 3.9 "'11::~UI'l::uuUZUh-l'llt)-l"'t:l-ltJ1::'~ ................. .... ..... ............. .. ..... ..... ........ ........ .... ..... ... ........ 57 

/JI111~ 3.10 "'11::~Uf1::UUU"'11'1'l1).Jnt)-l'llt)-lLflU-l ................................. .. .. ..................................... ... .. .... ... 58 

,., .. ... '!:I 
1Jl111-l 3.1 1 1'111::Ii'IUI'I::UuumW·m::Ci'lULflU-l ................ ..... .... .. ....... ........ .... ... ........... .. ....... .. .... .. ... .. .......... 59 

1Jl1Tl-l 3.12 'Ii'l-lI'l::uuu~1~futJ1::LijU"lCl.l111'fit:l::~~;intf'llt:l-l"'tl-ltJ1::').J .............................................. .. .. 61 



1l.!tl ~1JI~~tJytYlfim i'l W1::~lJlJ 'l~lJ"'Yl fi L ~'l 1~ LL~ {;I-lfi11lJth ~'U.J n'!J1l.!1l.!lJ'lJJ\j'!!'l t{;ltJijw 1::~-l,r 

4'll.!'ll.! 1250 pJ tllJU1::'lJfuYf-lfi11lJvi'llJni'l'l-l~!1'lW LL'l~t\'tllJ~ L~tJ1J~.r~ 'Wija-lU1::~M~Yi11~Ln~L~tJ-l 

11m'll.! 'Wij1~yh 'WijLf'l1tNUfutl'ln'lf'l 'Wij1ntJl.!~ 'WijLf'l1fl-lUl.! 'WijtNhHh 1l.!"h-lL'li'l'lt!l.!Yi11~W1::~-l,r 

'fl npJ~'llJ'l1n fuYf-l L~tJ-l"'1 n m1L YlI'Il.!'lfi11lJ'!Jtl-l~lJ L~"!W1::~ lJlJ'l ~lJ"'Ylfi L ~11~tl th-lt.hti PI"! mr vT-l1 ~'Wij 

Lf'litJ-l'11 tJ'ltJ L~tJ-l Ui'l:: 1lJ Lf'l1 L~l.!lJ'l 1{ 

1Jjj tl1 m 1'1 LU~tJl.! UU i'l-l Lii '" ~!1'l'l::Lffil.!n1::"! n n'l1L~l.!'V1'l-l"lJtl-l L~tJ-l LLi'l:: "l Nfl'lW'!Jtl-l L~tJ-l~-l ~ nru m'W~'l n 

a-lLL'l",t\'fllJ~'l-l1 flth-l~~m~m'W1~ 

m1L~'W'V1'l-l'1ltl-lL~tJ-lt"'tJ~fln'!Jtl-lYl~nf{ ,,!::ijm1i'l{;lYlfl'Wi'l-l'fln1 6 dB ~1::tJ::'V1'l-lL~lJ;l.! 2 Lvi'l LUl.! 

~'W~1'WYl~MD~"!::Yi'l H\~1 h 't~rj'l L11"!::~'llJ'l1m;11,"fiI'W4'l'W'll.! 1250 PI'W Yf-l11ffi'WL~tJ-lflU'l-lL;r11"!1~ 



fltc,~Il'*'~tI1M~nL;n~u1.fbDnl;p 

t'~ ~t,*,M~t'1l~1l.,tLJr1UMtL~ftWtL~nl!o fltn~1ULI1~~nLc,t',.VN~Jit'Il~1t'GI1.L"fbDI1,.VI1M::I!oU,tt\l t'GXit'GIl.t'fl~1 

I1joltl ~tLUI1I1" U GGtLUn t fb ~ L~11 LC,llIXi ~ttSUL" flt C,~flItl1 11t1.::~ flt'GXiI1!"L~ n~t'fl~1 t'Gll.nLc,t',.Vt'GJiI1LC,W L~ . ~ 

nc,~ n,.Vn!l-1~t n~ULI1~t'kULU::fl::~I1~ m~LI1L~::l.,\I ~t t'~~t'llflt I!JM~ULt-,t'fl~mG~~~LUI1~ 1~LU::~" t'fl~1 

t'GIl.t'LlA.n~1~LU t'LIA.\I!I ~l!Jn"Ly~Lu fl c,~ ~t n~uLI1N t'fl~1 t'GIl.}40ttlU1 11~ 1 U~LI1L~ UL" t-?"fl~U!! 

~1l}~nLt-I1!"L~l.,tLJr1I1Lc,WL~LuntnL;n~L~nIJ1::l., C,L~Ut-~Lf"t-~ ~14111 O£ t-~ 

ItlM~ULt-,t-L¥I.::fl::~~t-~ J 1!Ji.~I!JMt-fl~1l.,tLJr1::~t-~U~LI1L~~1XitL~::l., 8P 9£ ~LI1Nmc,ul1tt-fl~11!J~U~LI1L~ 

~1UL"~ t-fl~flLflll.l1l1::~Jrtt-G~~" ULI1U~1t-G~n~I1t1.::~flt-GXi t-~flLI1"n~ ~l4111 9 t'fl~1,*,M~ULl.,t-L¥l.t-fl~1 ~ . 
t'~I1!U~LI1L~::t-, 8 Itl~ ttl n~t-~ 8P 9 L~UULI1L~~ nc,ul1tt-fl~m,.Vt-~I1!l:1t'fl~1t-GI1.t'L\IlUWTII1LC,Wt-,tLJr1::t-, ~ . 
~t-fl~1 t'~I1!~LU 8P 09 ~nc,ul1tt-fl~1 q,J~::t-,U,ttt-~ flt c,~flItl1nc,ul1tt-fl~1 L~ ~~t'GXint flLL1t'fl~1 t-~I1!~LU~I!1'" 

nIJ1 8 Itli. ttl LlA.1 l nIl.I1M1t'LIA.::fl::~1A. ldS 8P 9 LuiA.t-~nGIA.I!J~::l.,::~" I!JM::fl::~ULI!o ~l4111 ~ IA. v 1!Ji. ttl ldS I~:-' ,. "r--

8P OL ttlLI1::~flt'~I1LC,l!I~::l.,I!JM~t-Gll.fl~G1Lf"fl'*'1 IrJLULGntt'Il~1t'Gll.nGIA.,*,~~LUt'Itl~"~~U 

WLULGntt'fl~1t'Gll.nGIA.Itl~~LUt'I!J~" lO ~ ~f1l 

~LuLenl~oJ'~eK~~u~~eft~LLU 

(SJ818W) .:IUI?astQ 
001 ~ O( OZ 01 9 ~ 

'"-• ---.• -_. -t-o ~-.•. ~. ~.~--r~~ z _.,-

I 

Ol 

O( 

~ 
!i 

~ I~~ 

! c: 

-. 18A81 aSION leWJoN" I O!; ,... 
I SPS+ WOO~ peaH 

09~ 

® 
Ot 

.~-. , .. -.. --. ~. --~ -~-j 08 
eou81S!P 6u!fqnop J8d 9P e-: e:)JOOS IU!Od 

!}t-~ J1(~U::~flMLL1ULt-,Jtt l.,t LJr 1Xit flLI1~G 
" 

U~LI1L~::l!,flItl1 n~t-~nc,ul1tt'fl~11!1 ~1N G!J!iI"nc,~t-~ Ln~Ltf~tl1r~~ t'L~~t-~" 1111::~ \JLULGl1!fll1l1::~ 
" " I , 

n[J1::t-,L~ftl. flLI1 U LI1~G~~1 n1 (,j IA. 1 t-LIA..ru~ U flG~t'~I1t1.::~flt'GXin t. ~GL I1LJr m~L~" mw~ L~~1 U L"::~m ~t t'LflG 
. ~ 

l 



3 

n11flfln U,UUY11'1~ mU!J1 tJn11lJ d:ltJ.~'l~ ~flfl n U,UU'r'l n u, 'IItJ.'l~;:j f'I'lllJ L~m;;fl'l ~fl'llil'lltJ.t)lJ ntJ. 

U,,jfl~~~ ~nf{lTn 'Wlr11fu f'I'lllJ~11'i cy 1 tJ.itJ.l'1fltJ.n11flfln u,uu L rtfl'l~1 n d:ltJ.~'l~4'U~fl'l 'Wlr11 u~~ 'W~llJl1[) 

lJfl'lL~tJ.l~tJ.itJ.!J1fltJ.m1flflnu,uu ~'llil1,x'lItJ.flflnuUU~;rfl'lm1f'lruJ11Yifl~f!J~~nf{~;;;lTn;:juCYl-ll!J1~fl~lJl 

l-lfl1.h~'lJl-l~ltJ u\A'lltJ.LiJfl'llvmlTnYiunuuCYl-ll"l ruJ11Yifl~'!J~ ~nf{ 1J1'l u\A'l;:jL~tJ'lnfl'llJln Ul'l 

u,\A'l;:j L~tJ'ln.Jn'ltJ.lJln ~£'l~ u~'lrilil1 ,xn11il''l1J11tJ1tJ l-l1flm1il''l ~tJ.!J11'W;:j"lruJ11Yi ~'l Ln~~tJ.ltJ.itJ.~tJ.31tJ. 

n11flfl n uuu~'Wl,x f'I'lllJ~11'i cynu L~'lfl ~'!J~ ~ nf{ l-lffitJ'llJfl'l 'W L ~tJ.~'lU CYl-ll~"'~Ln ~~tJ. tJ'l eJ~lil1 ,xn11Unl'1J 

uCYl-llmtJl-lft'lLn~uCYl-ll,jl'l1fltil'l,jflLrtfl'l U~~~'leJ~lil1,xL~m1mtJ U~~L'l~lflnlJlnlJltJltJ.n11unl'll 

UCYl-ll"'ltJ.fl~'!J~~nf{'1Jfl'l,xfl'lU1~'lJ 

n11flfln uuu,xfl'l1.h~'lJ l-lffi,xfl'l~~fl'lm1;:j f'l ruJ11Yifl~f!J~;inf{~;;; ;:jl-lftnn1~~fl'l~lil'l ~'l~fl'l 

""1tJ.l-lftn1 ~fl n11flfl n UUUn11f'1'lU f)lJ L~tJ'l11J n'ltJ. m1flfl n UUW'I'lllJ nfl'l n'l'lItJ.'IIfl'l,xfl'l ~~n1 1flfl n uuu 

l1f'1Y11'lm1L~tJ.Y11'l'llfl'l L~tJ'l ~'ll-llm;;11"'~llJ"'ItJ.~U~'l 'l1tJ.flfln uuu~ Ll1~fl'ln111'lruJ11Yifl~l'1~ ~nf{~~ Ln ~ . ... 

uti 
, .. 

LYifl 

~l1'l~11,reJ~'lItJ.~;;; 'W;:jUCYl-ll!J11lJlJl1tJ.fltJ.ll'1~ L~fll,x~;;'lItJ.,xfl'lU1~'lJ 'W~I"'~LUtJ.~U11tJ1tJ ,rn~tJ.~1 

,rnu~~'l l-lffi~'IIlJ~Yf'll,x;:jvi"'~f'l~~~,jfl~mtJ.~ u~~~flflnuuul'" 

1. L~fl~mn~'lu,u~;:jeJ~m'~'VlU,jfl~mYifl~f!J~~nf{'!Ifl'll-lfl1.h~'lJ 

2. L ~fl4' ~~1 ~Uii'Vl fiYi~'IIfl'l ~'l utl1\-1ft n~lil1,x~mYifl:: '!J~ ~ nf{'IIfl'l,xfl'l Ltl~tJtJ.utl~'lltl 

3. L~flUleJ~n1n4'tJlJltl1~~nIJl1;;ttJ.m1rill-ltJ.~UtJ.'l'Vll'lm1flflnUUUl-lflU1~'lJl,x;:j~mYifl~f!J~~nf{ 
, .... 

'Vl~ 

1.3 'IItl\JL'II"'IItl~n1'l"mn 

L~fln~mnn~lJ~'lfltil'l~lnl-lfltl1~'lJltJ.nt'lL'VlYilJl-lltJ.f'l1/mlJru"Vl~ 

lJl-ll'l'VltJ1fttJ , f3Ul~ u~~MffiLfln'lltJ. ~l;;~Il-lfum~~ (LTtJtJ., ~lJlJtJ.l , tl1::,lJ) U,~~n11U~~'l~tJ.!J11 ~'Wl;; 

1~UU'!ItJ1t.IL~tJ'l ~;:j'lltJ.l~ltJ.'!!'l'l 200 - 500 ~J'l hjiifltJn~1 2 u\A'l 

nUM1Yi'lItJ.~mU!J1tJnnlJmtJ1l.~l-lfltl~'lJn~lJ~'lflth'l U~::lilm1'Vl~~fl'lL~lJL~lJltJ.,xfl'lU1ffiltJ 208 

1'l~~mUl'1tJm'1lJ ,lil~'lm'nhJl-ll'l'VltJ1fttJ 



1.4 r.:Lii!ltJ~fi01'iftn~1 

1. Yi1n11~m:n1'l1J1'l).J;rtl~t'\"'1mnr-l~tl ~1tleJt'\-l1Ui)4'[J ~1~i:l~Yi1n11~nM1H L~tlYi1rl,)1).JL;r11"1 

Ut'\~~tu~')Uu~i:leJt'\~tl~n1~~tl-ltl~~~~n~~tl-l~tl-l 
2. ~1LOUn1rl"'~m~tl~f:J~~nllun~).Ju1~'nnm'h~).J1[J 2 (Jj'')tlti1-l L"'[Jl;rLI'I~-l~tlt)",i)LI'I11~,x 
~m~L~[J-l Ut'\~tl~~~~n~ ).J1i)Lf'l11~,xtJ).Jn1J~m~-l1U~Cl1tfl'l[Jn11).J~tl-ln~).J(Jj'')tlth-l,rU1 
3. Yi1n11~1U')ruI'i1"11n(Jj',)uu~Ln1Jl~ L~tlLU1tl1JLYl[J1Jn1JeJt'\n11~nM11u~');rtl 1.4.1 Llft')~tueJt'\ 

4'~~1~1Ji,)LlU~i:l~~fi~t'\~tln11Ufu~n1~tl~I'I~~n~~tl-l~tl-l .. 

4 
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1 2 3 4 5 

, ., PI'l'~HilUlJ'UfI::PI'l'l.llh~ru'llfl~ 

i1ru'" 

- "f11.lr.:'l.l"fI'fJu"'~\U1.jjfl~h1fJlrn"lJ 

nlJi1ru"'''lNll'''f1::~flPlntf 1J,~u ... ~il 

UlfJ~"'fl~l.l'n u,~u"'~il~iI!J~nlmul.l'n 

~l\lIut\''l~,;,\'''n-,rn~lJmJ'!J "1tJn-,1 

~~illUIIThJil"lNll'" ~~LiiIl4u\uiu 2.' 1'iII'l1.lr.:I\~,('fl~n-,f~n~ 3.' 1L1111::iUfl::ri,,,UIII'i'~'''Un 4.1 n1,:)LII11::lfffl~fln-,1 5.1 flt11lln':~n~ Ii'~d 

~ul,un'l1lflnu~'W\"'M'l.lfl'~ru 
- ~~fl~n~iK'lu1.l~il/.jM:::'IlUlJlifl 'IIfl~~U1.l~ile~;"fllJIifln'1 f1flnU1.JU"'fl~1.l:~l.l~~fltlJ-,~ - 11fJfI::~ii!JiII~rlfJ'lnUn'l1lflnUUU 

nu~1tJ~fl::~tlPlntf ,,1tJJ~l.lfl~'W~iluii~ 
tln'''fl::~tlPlntf'llfl~"f11.l~l.l flflnUUlJ"'fl~1.l~l.l~~fltlJ-,~ "lNll,,,~iltH~;i ufI::1.lr.:~ilu "'fl~1.lf::'l.l~ft'l1'ru 
- ~~fl.(IIlhliuti~;"fI'IIfl~iK'lu1.lf\lt\'n~ ~ "lNll'''~ilfJ~~;i i1ru"'~,",::Lii~u J~/.jtl';'\"'n1m~' ~';'\"'tln'''fl::~tlPlntf'fl~~fl~ to- ~ 

ttl~fI'fl~~fl~1.lr.:'ljl.lntjl.liK'lflfh~ - tlt1l/.jIln'MLII11::itfl~fI,",'nntjl.l 

i1ru"'mfJ"If~~nlli1ru",IJIi'N1flt11~ ~1.l~tNU1.lfl~l1.l 
- iK'lu1.l~Lrl!YlnUn-,rllfl~nU1.iI!J~ U'uri ~fl~1.l~l.l " .i~~~fJU Ufl: iK'lflth~ UfI:UU'l~,~n-,m~'i1ru'" 

IJIiflLdfl~ ufI:d~/.jfl';,l~LilfJ~m!l' Uti:: - ~flU'/.jIWl,:).(fJl.l'1.lr.:~n"'-nun-,: nln'lu,""ntln'''U'lllt\'el.l "flUtllI~illUlll1~fJ,i!J"l1tJ,~PI "lNll'''LilfJ~ 

L'lfl,iinl.l'nl.l'fJlun-,m~'i1ru'" ri'"UIIUU'l~,~n-,11!flnUUlJ"fl1.l~l.l - rK'lu1.l~LrlfJ'lnlJn-,:II'lU"ll.l ililill.l . l.l~illtl 

~'Ufl::~tlPlntf'llfl~~~~1.l~l.l \~ilM'''fl~tlPlnm:l;i "lNll'''fl::~tlPlntf UtI::n-,1L~Um~ 

'IIMLilrnmfJlu~fl~1.l~l.l 

3.2 ri'''UIILnCUmh\ll.l'::tll.llun-,: 5.2 LtlUfluu.."'Uu'lm~f1'fu~tlUl .. 
1.2 ~'ltfl\Un-,:~n~L1tJ~ 

1.lr.:Lilul'i''IIfl~iK'lu1.l:IJIi'~1 Ufl::U1.l~ ';,n-,:~n~lJIifll1.l 
i1".(!Jft'~rutUn-,l1lflnUUlJ"'fl~1.l~l.l 

1'i,:::Ii'1.JPI:;UUUflflmilu 5 r.:li'u L~fl 
f--

L~f1t1J-,~"lNll'''Ii!O~~ii r-
LiluiK'l1.l~~"lNll''''IItI~'''fl~1.l~l.l 

~~WJi11 . 1 ~~I'1'liu(Jltlulum1~1Lthm11~nH1 

<..n 
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1.5 tJr.:t811u;:l1il1"~1~::1.iru 

1. ~V1fiYift1!fl-l~'lUtJ~fln~i1t.Jftnr.;VIl.JlJifl~111Yifl~~~n£{1!fl-l~flth:;,~ 

2 . ~1~11C1 ri1~'U~~1 ~1.J mnlfutJ t-l ~'l UtJ~fltJr.;,~ 1 ""i1~111Yifl:: ~~ ~ n £{~ ~1~ 
3. 1~u'U'lVl1-l1'Um1flflnUl.Jl.J~fltJ1:;'~ L~flri1~'U~~11Jl1l1'UVI1-l~1'Ufl:;~~~n£{~1~fu~fltJ1:;'~ 

1. mrllfl-ln'UL~tJ-lrun'l'U·nn~111YiU'l~~fl~111tJ'Ufln""fl-ltJ1:;'~ ~~1tJn-l mrllfl-ln'U~ffim1ft~ 

1:;~1.J L~tHru n'l'U~1 n M1Yi U'l ~~fl ~111 tJ'Ufl n""fl-ltJ 1~~ ~~11-l fI'l1~h fl1 tkJ LU'Ut.Jft lJifl~~1fi1!fl-l ~-R-l 1~ uri 

L~tJ-l~1nm1~11~1 L~tJ-l~'UlJln 

2. mrllfl-ln'UL~tJ-lrum'U~1n~111YiU'l~~fl~111tJl'U""fl-ltJ1:;'~ ~~1tJn-l mrllfl-ln'U~ffim1ft~ 

1:;~l.JL~tJ-lrun'l'U~1nM1YiU'l~~fl~111tJl'U""fl-ltJ1:;'~ ~~h-lfl'l1~hf'l1tkJLU'Ut.Jft,]fl~~1fi1!fl-l~-R-l l~uri 

L~tJ-l~1m:;1.J1.JtJfufl1ml'l Uft:;L~tJ-l~1nmi~f'l'U 

3. fl:;~~~n£{ ~~1tJn-l 1'11~(Jlfilt)1~'ltJ~fl-lL~tJ-l t~tJi)V1milYi'Ufi~Li.i'UL~Yi1:;L~tJ-lL~flmm-ll'U""fl-l 

tJr.;'~LU'U~fln 

4 . m1f'1'l1.J~~"lCW11Yifl:;~~;in£{ Uft:;m1L~'UVI1-l1!fl-lL~tJ-l111tJl'U""fl-ltJ1:;'~ ~~1tJn-l m1f'1'l1.J"l~ 

"l CW11Yi L~tJ-l111 tJ l'U""fl-ltJr.;,~ L~fll""""fl-ltJ1:;,~i1 ~ ntJ111Yi 1 'Um1f1'l1.J "l~ L~tN111tJ 1 '1.1 ~1fl L~tJ-lnfl-l ~ Ln~f'U 

111tJ 1 'U""fl-ltJ1:;'~ 

5 . L~; Ll.Jft ~~1tJn-l ~ti'ltJt)~1:;~l.JfI'l1~ ~'UL~tJ-l~ Li'J'ULI'I~;i-l~'l'U~l.J1!fl-l Ll.Jft 

6. Noise Criteria (NC) ~~1tJn-l Lnru'V1L~tJ-l ~ffi1:;~l.JL~tJ-l'tlfl-l~111YiU'l~~fl~ 

7. Reverberation Time (RT60) ~~1tJn-l L'lft1m1~:;Yffl'Unfll.J1!fl-lL~tJ-l~fI-lL~~flfl~ujfl;J'UL~tJ-l 

~tJ~ U~'l LU'Umrl~ F111!fl-l L'lft1Yi L~tJ-l~:;Yffl'Unfll.J~i11:;~l.JL~tJ-lft~ft-l 60d B ujfl ~'UL~tJ-l~tJ ~ U~'l 
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tJfIfi 2 

.. ........ .... .. tI 
LL U'l .... LL.::flqHDflLntl'l'lltl.:JntJn1'i<fltln LLtJtJWM r.:, aJ 

2.1 n17tltlnLLtJtJitHtlr.:,aJ (Auditorium Design) 

",t\'mncu'Vl1 Um1tlfln UUU~tl~ 1 ~iimm~~ L~tJ~~ ~ llff urimn4' (PtU CkJ"'1 L~tJ')nu L~tJ~~'W ~tl~m1 

tltln lum1L~~",ffifl~1::~uL~tJ~ 1U~fl~ ufl::m1L~fln HztJ uuu Ufl::'VlN~tl~~fl~~ L "'m::~~ ~~~::u11u~m1 

fltlnUUU~fl~U1::,~~iim1fu~~L~tJ~~~ ~~~"l::U11u~m1fltlnuuu~tl~u1::,~~iim1fu~~L~tJ~~~ ~fl 

- 'IIU1"'~tl~~fl~U1::'~ (Capacities) 

- ztJuuU~tl~~tl~U1::'~ (Auditorium Shapes) 

- ztJUUUL,)V1~tl~U1::'~ (Stage Types) 

2.1.1 'IIU1"'IItHitl.:Jtlr.:'1aJ (Capacities) • 
'111.11 '" 1'l,)1~''IItl~ ~ di'T'll ~ 1 U~tl~U1::'~ L~ tJ~') lu~::Lffi n 1'l,)1~' Lij 1.1411.1') Ul'lu",ffi41U,)U 

~,r~ L"IlU ~fl~U1!1~~U1'" 2000 ~,r~",1fl ~fl~u1::'~'IIU1(Pt·V·)ullff 450 1'11.1 ~U1~~fl~~tNU1::'~ 

uU~fltlmilu 3 ~U1~ ~ufl~riu41U,)UI'lULilu"'t\'n ehuu1::LtJ"I!u1;r~tltJtl1"lu(Jtnl1h~nUU1~ 

~~l'ltllu;1 

- ~fl~U1::'~'IIU1(PtLfln 'IIU1~ 35 - 750 I'lU 

- ~fl~U1::'~~U1(;1nfn~ '111.11'" 750 -2000 I'lU 

- ~tl~U1::'~~U1",1",qj ~U1'" 2000 I'lu~ulu 

2.1.2 ruLLtJtJitl.:Jtlr.:'faJ (Auditorium Shape) .. . 
ztJuuU~tl~U1::,~ii"'fl1tJt\'n1ffi.L::(Jt1~ul'l~rnutln~::tlflnLLuu1uztJuuu1~ L"IlU 

- UUU~L"'~tJ~~U~1 (Rectangular floor shape) 

- uuuztJ~'" (Fan shape) 

- uuuztJLntlm~1 (House shoe, ell ipse floor shape) 

- uuuztJ')~nfl~ (Form circular floor shape) 

- UUUztJti~1:: (Free form shape, or irregular form) 
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_I "' tI ... ...I - "' 2.1.2.1 ·H.lLLUU\IItloll '1::"II~LL\JmU\lla!l~~\u.11 " . 
n1'Nlfln U.UU~f)~~jj ~,r~ ~'1IU1\'lflU 1thnmih.l~ U.f1U ~::;ihJ'nn{)n1 nU'1lf)~ L~tN 

~~nftUh.h.nLU~f)~ (Sound Flutter) ~~~Un11U.nt'tltft1J1.41~f)~pJU.UU~L1.4~tJl-J~UtJ1U.f1U1 ~~~f)~ 

";1L~~,r~i~~f)~~1ULf)Uf)f)n (Tilt) "l1nnUU1~Uf)nr,nnn~fi'I~'lU'1If)~~f).:j~L1.4l-J1::;~l-J~~fi'lLUn1rl'u 

rl.:jL~tJ~~~ ~f)~'Wu.~uLiiult.lLLfl::;'Wn-11~LiiuhJ ~fi'I~'lU'1If).:j~,r~~f).:j n-11~ : tJ1'l d~u 1: 1.2 ~'l1l-J 

tJ1'l'tlf).:j~fl~~fuYl'~L~tJ~~~l~ ~f)~'WLiiu 2 Lyh'tlf)~f'1'l1l-Jn-11~ 

..J 
Yll-J1 : Marshall Long . Architectural Acoustics. (Elsevier Academic Press. 1988) p.27. 

~mt~'tlf)~~fl~tJ1::;'l-JpJU.Uun L1.4l-J1::;t\11.4fuL;rLYlfl'lll-Jn11~fi'I~ l-J1nn~1n11 

fuYl'.:jL~tJ~fi'lUIJ1~1flLflupJLLUU'1If).:j Concert Hall LYi'n::;L~tJ~fi'lUIJ11Yijj~'l1l-J~~~ ~::;'Wn1:::~1tJL~tJ.:j 

It.l~1u;r1.:ji')~f)~tJ1::;'l-J L~f)~'"l1nfll~uL~tJ~'1Ifl.:jfll'l1l-J~~~e'"l::;jj'1lu1fi'1L~nL~um.:jLflu~f'lm~l'IN'W 

m::;'"l1tJf)f)nlt.lm~n-11~ L'IlU L~tJ.:j'1ltNbLflftU ~~ 1.41fl Cow Bell ~'lU~~UL~tJ~'tIf)~f'1'l1l-J~~1jj 

'tIU1fi'1L1.4q!'"l::;n1:::'"l1tJf)f)n 1~l-J1ni'l~f)~ L'IlU L~tJ~LU~ 

LYi'n::;~::;,1u~~,r~f)~nfl1~~fl~t.l1::;'l-JLYh~u~~::;1~uu.fl::;fuYl'.:jL~tJ~~~ L'IlU 

L~tJ~'tIf)~ b L flftU l~i fi'I L "lU ~')U~~f)~U1L 'l rut\f)~;r1~'1If).:j~f).:jr.lj::; l~uL~tJ~l!f)tJfl~ It.ll-J1 n~'lUn1nl-J 

m1u.~fi'I~~l-J~,r~~1U1.4ft~ri'"l::;'1I!TuL;r1Ln~L'lVln11~fi'I.:jm::;r.lj1tJf)f)nlt.lm~~1u;r1~";1L~~1l-J11Cl 

'IIl-Jn11u.~fi'I~1~ifi'lLr.ljU~U 

, 
Vll-J1 : Marshall Long. Architectural Acoustics. (Elsevier Academic Press. 1988:26) 
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d:1UztJLL1J1J~~iUJ~~1U't::~~1~ztJ~L~~tJl-J~ucJ1n1JztJ"'Nnfll-J ~liItJ'!ItJ'ltJ~1U 

~nlil'!ltl~L~~tJl-JtltJn ltJl~d:1u ~A'~ i'4')u l~C1iztJ LL1J1Jd,rn"l::~tl M~tl~ hJ~1l-J~"'N (Mass) '!Itl~~~1~ 

(Space) '!Itl~~tl~1.h::'I1l-J,rUl-J1nn~1 trm.'tru::ztJLL1J1Jtl1"l"l::hJY11~ Rectangular Shape ~ffi Fan 

Shape ,ru;Utl~n1J~1 LL~tl~L,)Yi LYirt::~,rU m'ttltl n LL1J1J~tl~1.h::'I1l-JztJY11~dlli'tl~tltln LL1J1JztJY1'N 

L')Yi~ffil-JnultJ~')tJ ~1njjm1LtJ~tJuLLtJfl~d:1um1'U1tJm~tJu~f FlUIiI(;hu;1~n"l::'W~1l-J11ClLLfl 
~ 

L~ul~tlth~iIilL"lu ~1njjm1LtJ~tJuLLtJfl~Lilum1~1tJmYitJu~f f'lU~~1U;1~n"l::'W~1l-J11ClLLflL~U 

l~tlth~iIilL"lu Uty~1~1uLntJ~n"l::lIi'tl~LLnt'!lUty~1'!1tl~mml-J~,)'!Itl~LntJ~ (Sound Foci) tlU 

Lrltl~l-J1'nn~~~~~A'~L11L;1 (Concave) 

J , 
=-~ \ 
-=- 1 

ztJ~ 2.3 ztJ LL1J1J~tl~tJ1::'I1l-J"'NLiitln,r1 

~l-J1 : Marshall Long, Architectural Acoustics. (Elsevier Academic Press, 1988:24) 

ztJ"'N')~nfll-J'!Itl~~tl~tJ1::'I1l-J1.h::Ul."d L~l-J1::~1~nJn11'11nl-J')tJ ~1tlm1LL'tl~iu 

nli1 L'liU1J1~Ln~1Jtl~ ')tlflL~tJ1Jtlfl l-J1nn~1 m1LL~ liI~fl::")1~1tlIilU~1 ~~~ FI,)11::1'~ 1 um'ttltl n LL1J1J 

~l-J1 : Michel Barron, Auditorium Acoustics and Architectural Design. 

(E & FN Spon, and imprint of Chapman & Hall, 1933: 1 00) 
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"tl "",I -.:;~,~ " " .... I~ !'I mffifln LLUU\4fl-l 1::'Ill-Jt J..J LLUUfliU::U'lIUflfJnU I'),)1l-JlJtfl-lm1LUU, J..Jftm~tru::LuU 

\4~n tl1::LtI'IIU1;r~fltllJt1l-JLuri1r)UpJ~mtN-,..,rU1 m1L~flnpJLLUU~fl-l1::,rj;l1::t)-l~-l'!lfl-l"~L~m 

~U (Dead Spot) "~~::";flunl-Ji,)'lIfl-lL~tI-l (Sound Foci) ~')tI n11L-if-l1UI')-l"l::LiiuL,xirlU~-l'!lfl-l 

L~ml')-l"l::bJl~ 

2.1.3 ruU\J\JL'l;i"'tl-lltJr-:·UI (Stage Types) 
~ . 

~1 LL\4U-l LLft::pJ LLUUL ')Y1iiri,)U~1fi'llflt.i'Nfl-llJiflmffifln LLuu,xfl-ltl1::'Ill-JvY')11tl pJ LLUU 

L,)Y1~1l-J11nLLtJ-ll~~-ln ~fl 

- End Stage 

- Open Stage 

- Central Stage or Island Stage or Arena Stage 

- Adaptable Stage 

2.1 .3.1 End Stage (L'l;itJtl1f1"'tl<ll) 

L ilupJ LLUU'lIfl-l L ,)Y1L u,xfl-ltl1::'Ill-JvY')11tl ~flfl~l'l1-ltlft1t1~1Umi-l'llfl-lpJYlN,xfl-l 

tl1::'Ill-J d:lu pJVI N~ L \4l-J1::~~ ~ LLft::~1l.J1 1n I')')U f'll-Jm1~ LLft::m1fuYf -l'llfl-l ~'IIl-J 'lA'~1t1 I')')U f'll-J ~ L~ tI~ 

1~~L\4l-J1::~1\4fun11'11l-Jj;lUl,i1 m1LLMI-l LLft::m1tl1lnm 

pJ~ 2.5 pJL'lY1tlft1tJ,xfl-l 

~l-J1: Michel Barron, Auditorium Acoustics and Architectural Design, 

(E & FN Spon, and imprint of Chapman & Hall, 1933:2) 

2.1.3.2 Open Stage (L'l;iLU") 

LUUL,)Y1~LiiUn11'11l-Jn11LL~~-ll-J1nnr)1n11Yf-l L'IlU L-ifLiiiuLLyji'UL'IItJ '1ft'1 n11 

I')')Uf'Jl-JL~tI-lm::Vi11~mn LL~m1U~j;l-l~U~'IIl-JLLft::~LL~~-lmfln1~1~~l-J~~Lni\';j;ll-J1n;u 
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tD~ 2.6 tDL'JYlLiJ(;l 

~)J1: Michel Barron, Auditorium Acoustics and Architectural Design. 

(E & FN Spen, and imprint of Chapman & Hall, 1933:2) 

2.1.3.3 Arena Stage \lint Central Stage \lint Island Stage 

L"")J1:;~1"..fum1LL~Cil~IJh~1 ~)Jtl~c:!ffi1J~'Jm1LL~Cil~ 1'J)Ji~11UmTnn)J'JULW1'W 
.... " ~ ..JAIl ...t..J.... ...~" ~ ~ L\oI)J1:;~1"..rum11""LrlU~'VlCil ~\mYJnCil1l4'ntl~L'J'Vll4LilCil~~'II)J'Vl~"")Jfi1YJn~1l4 mm1~"'1ULrlU~"'~ 

fi1il~ n~ m1n ~"'1U LnU~~tltl n)J1"11 n LL""~~ ri1 L UCil Lnu~ LCilU IJIN d:ll4"..~n)J1 n n11 m1~:;"'tll4 L ~11:;ij 
'x.J ., ~ ., 
~l4'Vl'ntl~m1~~'Vltll4LrltJ~l4tlU 

" 
'9 .... -, . 

",---,) 

~.: ::- -" , 

','< 

, - -
-.J ~:"'~ -

Q11...i ...... 
,u'Vl 2.7 L'J'Vltl11l41 (ARENA STAGE) 

, ... 
'Vl)J1: Michel Barron, Auditorium ACQustics and Architectural Design. 

(E & FN Spon, and imprint Qf Chapman & Hall, 1933:2) 
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2.1.3.4 Adaptable Stage L');iuitll.i 

Lih.lL'lYi~~1lJ11()ufuliJr~::illluUiNpJYlNliJr~1lJf'I'l1lJ41Lih.l'!!tl~~1'1.1 UfI:: 

'IIIU1::~~,.r'lltl~U1::LtJ'II'I.I1;]~tltJ~lJh~n'l.l n11"''lu''llJL~tl1~fu~~L~tJ~lMn1::Yh1,JftJ1nlJ1n L'lYi 

U1::UlYlnLllltJlJ1mil'l.lL'lYiLtl'l.lnU1::~~,.r L1'1.1 L'lYi~tl~U1::'!1lJU1::41h~Lffi'l.l ~~1-r~1,"fuL~'I.Inl11 

U1::'!1lJ U~'Mfl::f'l1 UfI::m1U~'MIII'I.I~1 '1fl'1 

pJ~ 2.8 L'lYiufuliJr (ADAPTABLE STAGE) 
, 

YilJ1 : Michel Barron, Auditorium Acoustics and Architectural Design, 

(E & FN Span, and imprint of Chapman & Hall, 1933:2) 

,,~ .." ~ 2.2 "'l1~V'1Jl11JLna')n\JLlIa.:l 

L~tJ~Lil'l.l"'~'I.I (Wave) 'IIillll,"~~~'Hnlll"'1nm1i'l.l~::Llitlt.l1t.ltl1n1rfUfI::1'~~~'I.I1 n11it.lfl::Llitl'l.lnvh 

1 ~ Lflfjfl'lltl~ ~'lnfl1~ Ln '" n1 ,-it.llu iJr'ltJ tlt.lLilt.l~fl1 ~ L~ tJ~ ue.JluL t.li'l nfl1~,rt.l Vi fllYI1~ m 1i'l.l'lltl~ 'll.J Lflfjfl'lltl~ 

~'lnfl1~"i::'!!t.l1t.lnuVifllYl1~'!!tl~n11Ue.J'!Itl~L~tJ~ tl'l.lLilt.lfllJu1i'lltl~,.,~t.lmlJtJ1'l (Longitudinal Wave) ~~ 

41Lilt.llJi'tl~tl1~tJi'lnfl1.:JLt.lm1ue.J Lrltlijn11ci1tJYltllll"'~t.li'lnfl1.:Jn"l::lJi'tl.:Jijn11~1II,"~t.l (Elasticity) '!!tl.:J 

'll.JLflfjfl11J1~ ~.:Ji'lnfl1.:J (Medium) ~n~1'ln~n"l::Lil'l.l'!!tl.:JLL;.:J '!Itl.:Jl'"fI'l '"1tJfi1'11nliJr LVi11::1t.li1lqjqj1mfll 

L~tJ.:J"I::t.h'l.l'W1,JfLfltJ "'~'I.IL~tJ.:J4''''Lilt.lL;.:J'''~'I.Infl (Mechanical Wave) 'IIillll,"~~ 

n11Lnlll,.,~t.lL~tJ~Lt.ltl1mfll tlt.lLnlll"i1nn11it.l'!ltl~lA't.lri1LilIllL~tJ.:J,rt.l Yh1~Lflnfl1t.ltl1n1f'1Lnllln11 , 

L"'~tlt.l~ LwnrJ1 Wave Motion ,"1tln11LI'I~tlt.l1,"'l'!!tl.:J"'~t.lLt.l 2 ~m:tru:: Pitl Lt.l~mtru::~d~t.l1'l~tllll ,"1tJ 

tl1mfllijm1nlll~'l (Compression) ufI::~nM"ru::~ 2 Pitl 1'l~ '!ItJ1tJ (Rarefaction) ~nM"ru::~~~tl.:JnLn"'Lil'l.l 



CompreSSIo n 

Ampli tude (m ax . pressure) 

"'-:-oIr.--- R arefact lon (mon . pressure) 

T,me 

Period (T) in sec (time req. for one complete vibration or cycle) 

ztl~ 2.9 ~'JU~1I'ltyllfl-l"~UL~tN U~'Mm1~-l"~U Lii~mffi~~::'!JU1tJ~'J 

vhn M.David Egan, Architectural Acoustics, (McGraw-Hili, Inc., 1988:3) 
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1upJ~ 2.9 U~~-lm1~-l,,~utl'uLii~ijj"'~flnuluL~~flW;'~Ullfl~~1 Ldfl ttJu~ufi~lu ~11~Lii"'m1t1'" 

(Compressions) Ufi::mnU1tJ (Rarefaction) 'Il'J-llltl~I'l~U.nUfi~LrlLffinrj1 Ufl~ .. J'r~ft~~ (Amplitude) Ufl~"'ft 

~ ~ ~~1tJ tl~1::tJ::m1m::iu (Displacement) ~i1 f'i1~1n~q"'''I1n UU'J~~filfi luu~~u,,~u~1flYffl~l'l~u flfi1J1tJ 

~1tJ1 ~fl LLfl~"'ft~(IILilui'Ju~(II-lnU"'~~~1U'!Jfl~l'l~uJuLfl~ t'hUfl~."ft~Ii\Yj~;U~-l ~(II~rj1"'~~-l1Ullfl~I'l~Ui1 

';1~1n U~tl1LLfl~."ft~(II~1"'~~~1Ullfl~"~U~::i1'hufltJ ~tul~11 Utl~."ft~(II'!Jtl~"~UL~tJ~U~"'-ltl-l"'J1~~~ 

f'ifltJ lltl-l L~tJ-l ~'JU"'J1~tJ1'Jllfl~ I'l~U (Wavelength) tl'u ~fl1::tJ::Yl1-l~ L~tJ~ L~UYl1-l1ul~u'Il'J-l L'Jfi1~ 

~'Jnfi1~I'l1U 11tlU t(lltJ.,f'J1Ul;{~C\J~n1inrA (Lamda) LL'YIUI'l'J1~U1'JI'l~U 

2.3 "11~aLi!l~ (Frequency) 

1'l'J1~~ ~fl m~::Yfflun~ulun~u~11ltl~I'l~U'I1n;run1Ltl~llfl~L~tJ~ ~1ui'Jnfi1~lu 1 ~U1Yi n11 

iU~::LYiflUllfl~ I'l~U"I1n;run1Ltl(llllfl-lL~tJ~ ~1ui'Jnfi1~ 1u 1 ~U1Yi m1~u~::LYiflUllfl~ I'l~UI'l'J1l..J~ 

(Frequency of Vibration) Liluurln!ln11nrYl1~mtJm." (Physical Phenomenon) ~1~11C11;{LI'l~~~tlr)",1'" 

Ufi::i11'l'J1~L~tJ'J.nfl~nUI'l'J1~~~ (Pitch) ~~Liluurln!lm1nrYl1-l~IJI~'YIU1 (Psychological Phenomenon) 

1'l'J1~~'1::r)~Lilu~\btJllfl-ll'11L~fi~fl~u1Yi (Cps) ~ffiL1tJniu1 111'11Lfifi (Cycles) ~-li1~C\J~n1inr -

fl'J1~ ~llfl-l L~ tJ-l ~ (II Lilu·hu'Ju1tlu~ffi I'll L;; fi IJitl~U1Yi ~1~fu"''!ltl-ll'lutl'Ui1I'l'J1~ 1 'J~1n~q", IJitl 

L~tJ-l~i1f11'J1~~1::~11-l 2,000 tl-l 4,000 1'11LfifilJifl~u1Yi (if"l,uu1iLffin LUIJI (Hertz) LL'YIU) 
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2.4 fiI,)1~L;,)'II'aui!l~ (Speed of Sound) 

n11L~h.lY11"'!Itl~L~tJ~1'1.1f.jru,.uJilun~'!Itl'llXtl.nf'l11u,r'l.lL~tJ~"':;Liii'l.lY11~Y11~l~LnLYitJ~ 1130 ~~lJitl 

75'1.11V1Lvll,r'l.l Ufl:;~~~Lii,,",~'I.In~tl n1nii,,",n1~:;vrtl'l.lL~tJ~~ffi Echoes ,r'l.lLtl~ nf'iI'l~tlujtlL~tJ~~"tltln·nn~'I.I 

riILU,,",'!Itl~L~tJ~ R~'I.IL~mLii,,",Li]'I.I2 ~m:tru:; ~tl fl~'I.IL~tJ"~~~NL;rI~cJVf~ n~lJl'l~'I.IL~tJ~~~m:;"IltJtltln .... 
,\lntJf'l.lriILU~'!Itl~L~tJ~lu~).Jrr~rilJt)l'ltJ~'I.I1 '!ItN,xt)~U~'l~~~:;vrt)'I.In~lJL;rI\1~Vf~~nR¥~~~~ f'I~'I.IL~tJ~ 

~n~ru:;~ 2 ~~tltf'1l~llfIR~'I.I;j;3~L;rI~\1Ll1;rln11R~'I.IL~tJ~U1:;LJW1LL1mYitJ~ 0 .058 75'1.11Vl n,\:;Lii~L~tJ~r'ftl~ 

~ffiL~tJ~~:;vrtl'l.ll,xhRI'11\1~'I.I n11ruVf~L~tJ~'W~l1ntl1,\LiiL~R'lI).J~lJ~'I.Il'1.1L~tJ~~1~'I.I 

tl th~ hri ~1).J n1 nU~tJ'I.IuUfl~'!Itl~f.jru~1Jil'!ltl~tl1 n1 f'I ri LU'I.Itf"'4'tJ~tI~ ~fll,x fl'll ).JLn'!ltl~ L~tJ~ 

LU~tJ'I.IUUfl~l~ ~f.jru~1Jil'!ltl~,xtl~Un~Ll1~,,",Fl'lI).JLn'!ltl~L~m 1130 ~~f)'I.IIV1 (331 Ll.J~1n'l.lIVl) lfl~ln 

f.jru~1Jm'l.ltl1n1f'1~~~'I.I1 tl~f'llyhLrull1r;f l'l'lI).JLhlltl~L~tJ~"I:;L~).J~'I.I1.1 ~~ IJitl75'1.11V1 ~1tlf.jru~1Jm'l.l 

v v = AI ------------- (1) 

2.5 fiI')1~Li~'II'a,ui!l~ (intensity of Sound) 

f'I'lI)JL;r).J'!Itl~L~tJ~(JII).J~~n75111Yl~n6 nf'iI'l1~11LU'I.I~~~~I'1.1"tl75'1.11V1~1tlril~~ (~,,",LU'I.I'U.Jtf'l1t)(JI,r) 

~rJl'1.1L;rI).J11'1.1L~tl~~~~ln 1 (JI111~ LlI'I.I~ Ll.J ~1 t""'tJ_k'l1u,\:;;j~tl'ltJt)""' LU'I.It) ~ tJflJit) ~111~ L'II'I.I~ Ll.J ~1 

I = PIA 
---------------- (2) 

I 

P LU'I.Iril~~'!Itl~L~tJ~ (Power) 

11 LU'I.I~'I.I~~ L~tJ~,r'l.lLLrJrJl'1.11U (Area) 

U~f'i'lriILu~L~tJ~t"'tJ_k'l1uurJL~tJ"tltln).JILU'I.IZUYl1~nfl).J L~l1:;~:;,r'l.l "11" ~ffi Area ;jFiILU'I.I41tr" 

tI'l'l.l P ujtl;jFiI'!1tl~~~~~I'1.1"tlL'lfn":;LU'I.I "E" (~~~~1'1.1 Energy) L'lfll~tl "t" '\:;lrJ1~(JInu'I.I 
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J = 

mrlCil1::~lJf1'l1~Li~~fl~L~tI~ "I::jj,hd~h.lLlJ'l'l (Bel) UIJlL~flfi1'l1~fl::CiI'lnt\.m11t;r1Ci1 ~~jjm1L1J~tI\.I 

"I 1 nLlJfHiI \.I LCiI'ilLlJ'l'l (Decibel) ~~jjfh 1 LlJfHyhnlJ 10 LCiI'ilLlJft L~tI\.I~'ltiflLiI\.I dB 

2.6 'l::.r\JfI'l1~.r\JLi!l~ (Sound Pressure Level, SPL) 

1::~lJ 1'l'l1~ ~\.IL~tI~ tiL \.1m nJ 1::Lij\.lm11~\.I~fl~\jfi1\.1 ~~ii 1:: ~1J fi1'l1~ di~ L~tI~ Ltl~tI\.I~1~fi1~\.IL~tI~ 

1::~lJ f1'l1~ L i~ L~tI~~ Ltl~tlml ~ft IJlflm11~u\.l~fl~\j fi1\.1~~;l 

u Y1lJ"I::~~ Ln ~ 'W1~ 

L1~~~Ln~1~ 

~~Ln~1~utiiCil 

1::~lJfI'I'l1~~\.IL~tI~~'CiltCil1 ~fl fI'I'l1~U~nIJl1~'1::""~1~fI'I'l1~~\.IL~tI~ N. 'CiI,r\.lujfljjL~tI~ Uft::1::~lJ 

PI'l1~~\.IL~tI~ N . 'CilL~tI'ln\.lujfl 'Wii L~tI~ 1::~lJPI'l1~~\.IL~tI~ Utl1cr\.l~1~f'h Logarithmic '!Ifl~tllJl'11fb\.lih~~ 

flfl~~fl~ fi1'l1~ ~\.I""~~ Uft::tllJl'11i'l'l\J~fl~ PI'l1~ ~\.Itl1~fi~ 

SPL = 1010g (P/Po)2 = 2010g P/Po--------------------- (4) 
, ... 

SPL '1::~lJPI'l1~~\.IL~tI~, dB L~fl = 
P = ., ., ~.JrX ., 

1::CillJfi1'l1~CiI\.IL tI~Y1 fl~m1'lCil , Pa, ~bar 

Po = fII'l1~~\.IL~tI~tl1~fi~~jj,.,1LyhnlJ 20 ~Pa (U.J1fi1nJ1M1ft) ~~LiI\.IPI'l1~ 

~\.IL~tI~~ flifltl~~CiI~fi1'l1~~ 1000 Hz ~\jPl\.ltln~L~1~u\.I 

1::~lJ fi1'l1~ L~~ L~tI~ Uft::1::~lJfi1'l1~~\.IL~tI~"I::lJlfllJfl\.lfl~m11M\.IL~~"I1n 0 LCiI'ilLlJft m~fl\.lnlJ 

'1::~lJfi1'l1~Li~L~tI~Uft::1::~lJfII'l1~~\.IL~tI~ii~~mril1Ci1 

2.7 ~1"''i1L''.L\J. (The decibel Scale) 

.... ~fl~PI\.IL'11~1~1'1C1ruL~tI~~jjfi1'l1~~\.IL~tI~~1J~1\.1Lyhmnn~1"''l1~~\.IL~tI~f'ifltl~~CiI~1M\.I1~ . . 
~tI'WLiI\.Itl\.lIJl'11t1lJlfltl'1::~1Y1\j mrlCilL~tI~1Ci1t11;r~11Jl'11L'il~L~\.In1~Cil1tifl~'W~::CiI'lnt~1 .... ru~~tI~n.)1~ 

~~n~1,r\.l\j"'\.I~~~1~1'1C1lJlfllJ~\.Ifl~pjflL~tI~UlJlJftfln1;.Y1~ (Logarithmic) 'Wt'rlUlJlJL'il~L~\.I ~~LtI\.Im1 
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LlnJ1:;~l.J~ .. ~tlm..rnJ1NL~tl~Lth.lt1IJ111 L;~~tlni1~l.J '!Jtl~ flh~t)jjlI't~ LYitll.JnU f'i1t11~ti~ ~~~:;~~~1l.1,)l.I~ 

L~m~tl~ft~1,x~:;IIl')n1l.1n11~1l.1')ruLL~:;eJft~,...fi~'t~ Lffin~1 LU~ (The Bel) LUft "'l.J1tJ~~ ~tlm1Yll.J31l.1~U 

'!Jtl~t1IJ111 ri,)l.I'!Jtl~n1~~",1tl""~~~1l.1~tl~ f'i1 ~')tlnl.l LL~1l.1m~uDu"ii"'ti'ltJ'!Jtl~ LU~ f'itll.l~1~ 1 "'qj LlIltli'l 'tuiltl l.J 

H"'ti')tl~djl.lLI'I~;j~ri,)l.I~U'!Jtl~LU~ Lffin~1 LIIl;!LU~ (Decibel) 

2.8 r.:,r\JLi!N'L'l~" (Weighted sound level) 

1:;IIIUL~tl~ L,)"~ ~tl 1:;IIIU L~tl~~'t;;~1nmrl jjlIll-I LM L~l.ILL~'l~1l.1~n1tl~ L,)~~ (Weighting networl<) 

~~~:;L;;1:;iuL~tl~L,)"Yl1l.1"'~1tl~LLUU L'1ll.l A-weighted (dBA) , B-weighted (dBB), C-weighted (dBC) 

LL~:; D-weighted (dBD) m1Yijj"'~1m'l.,~rh""11:;~1f1,)1l.J~n1J1~tlth~'!Jtl~fill.I L'1ll.l 111'):;11 fil1 rybJ't;;LLU 1 

LLUU linear nUfi'I'l1l.JIII~ujtlLYitJunUfiI'l1l.J~tJi1~nl.l A-weighted LUl.lm1n1tl~L~tl~~1,xeJ~LlIltlIJlNnUI'l,)1l.J~n 

'!Jtl~fill.I Scale A jjf'Jru~n~ru:;m1IJ1tlu~l.Itl~1l.1mrlIllL~tl~'t;;Ll1n~1 Scale B, C LL~:; D LL~:;1n~L;;tl~nU 

flru~n~ru:;m1IJ1tlU~l.Itl~1l.1n11L;;Ul.l'!Jtl~ljl.J'tMtJmnn~1 Scale B, C LL~:; 0 

A-weighted LUl.lm1n1tl~L~tl~L~tl1,xeJ~IJINnUI'I,)1l.J~n'!Jtl~l'1l.1 Scale A ~::jjf'lru~n~ru:;n11 

IJItlU~l.Itl~1l.1mrlIllL~tl~'t;;L~~n~1 Scale B LL~:; C LLtJi.,:;1n~L;;tJ~nUf'lru~n~ru:;n11IJ1tlU~l.Itl~1l.1n11't;;Ul.l 

'!Jtl~ljl.J'tMtJl.J1nn~1 Scale B LL~:: C 

B-weighted jjL"'lJjeJ~mffi1tl~L'1ll.lL~mnl.lnu A-weighted LLIJI1~nUL~tJ~fi'I,)1l.JL~l.JU1l.1n~1~ 

il,,~ul.lbJf'itltJ1~ n1rllll~')tl Scale B ~:;lJItlU~l.Itl~'t~~1l.1I'1'l1l.J~1::"'~1~ 400 Hz - 3000 Hz . 
C-weighted bJjjm1n1tl~l.J1nUn mrllll.,:;1n~L;;tl~nUfI,)1l.JLUl.l~1~ ":;H't)~L~tJ~'!Jtl~n~l.JfiI,)1l.J~ 

~1L;jtl~"1n A-weighted .,:;~nn1tl~l.J1mnl.l'tu 

D-weighted 1~t)~L~tJ~"1ntl1n1f'1tJ1l.1 

_ 0 

~ 
w 
en -10 

~ 
~ -20 
w 
~ 
~ 

~ -30 
w 
a:: 

y ,..,,-- f./' 

/ 
V V 

/ / 
A / 
/ 

/ 
20 50 100 500 1k 

FREQUENCY (Hz) 

r--;:::: ::::---..." 
B 

~ 

~ 10k 20k 

.i 
Yll.J1: Cowan, James, Architectural Acoustics Design Guide (New York: McGraw-Hili , 2000), p. 20. 
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2.9 m'l'l::';tlulltl·ui!l~ (Reflection of Sound) 

Lrlt1 Lr1UUt1~LU1::~rhn~lJ L'I!1 U~::LUft~L~tJ~ "dnUt1t1m.nLUL ,)~1~n UJU1UL11n"l:: 1~uL~tJ~~ LJJ1i 

(echo) ~~ LiluL~tJ~'I!t1~L11Lt1~~£q::Yft1UnftlJlJ1~1 ~') L11 l'h LU'ilJ L'I!1il1JL'I!1~~t1~~~1tJ1~n L~tJ~~ LJJ1i"l:: 

Ln",fu~~1tJ1 fl¥~ ~~t1U11n!Jm1ru1uftn1iru::'!!t1~m1£q::Yft1U'I!t1~L~tJ~ 11I1lJUn~Lrlt1L~tJ~m::Y1lJrllJri1U'YN~ 

ilil') U;~1 ri,)U~~~'I!t1~ L~tJ~"l::£q::Yft1unftlJ u"iL~tJ~~nri,)u~~~"l::UY11n;jlJ L ~11uLuri1 U 'YN ri')u~ UY11nL ~11u 

1"V .. , 1"~ ... , 
'" ~n1iru::'I!t1~m1UY11n,!!lJc.J1UuUL11L1tJm1 Transmittance 

ti1~1n~1ri1U'YNL~~1,rU u1::nt1lJ;u~')tJl,Jfi"'lJ1~1 ~1t1LilU~U11Ji1~lJ1Un1::"ln Lrlt1tJm~tJ~~.n 

m::Y1lJ L~1 r11 U'Yi~n"l::iU£q::L ~t1U ~~"l::ri~'Yift~~1UL~tJ~t1t1n hl~n£llt1~~~ ~::,ru r11 U'Yi~~ U;~ u~::h.j 

iU{q::L~t1U"l::LilufIi',)rlUL~tJ~ (Barrier) ~;i~"l::1l.i't~L~tJ~~.hulul~tJm1iu LU'I!ru::~r11U'Yi~Wfi"'lJ1~1 ~ffi 

~u11Ji1~lJ1Um::"ln L~tJ~"l::~.huhJ1l1t1th~£q::"'')nfiuLn'''''l1n n11iU£q::L ~t1U t1~~1' (II ~~il,'YitU (porous 

materials) .,r~~~1tJ £q1lJ11nc:!nfluL~tJ~1~~1n ti1~11'(II~~il,'YitUL ~~1~~1th::nlJ L ~1rllJr11U'Yi~ U;~ L~1 

lI,)tJrlU n"'::Lilu ~U1UnULi!l~ (insulation) lI1LilUt1th~~ ~n.,r~Lilu~u')urlUPl,)1~ffiul~~')tJ 

L~tJ~il "l ru£q~~ f'l~1 tJ U£q~~£q1lJ11n £q::Yft1U 11\ L '!iuL;i mrlU m1£q::Yft1U'I!t1~ L~ tJ~fu t1 ~ rllJ f'l') 1lJ ~ '!! t1~ 

L~tJ~ (Frequency) U~::l-j~~ L~tJ~(II nm::Y1lJ f'l,)1lJtJ1') fl~U'I!tNL~tJ~il ",1lJ1 nn~1'1!t1~ U£q~~1 n (U£q~~ L11 

£q1~11miiul~ ilf'l,)1lJtJ1,)f'l~U1::~~1~ 0.000015 [i~ 0.000030 ~') uIJiL~tJ~~L111~uuill'l,)1~tJ1')f'l~U 

U1::lJ1ru 0.06 ~(I1[i'l 60 ~(II) ~::'!u1'(II~~L~tJ'ln1::Y1lJ"l::~t1~il'l!U1"'L~qj'Yit1£q~f'l,)1 

nn'l!tNm1~::Yft1U'I!t1~L~tJ~il 2 U1::m1 ;;t1 

1. l-jlJl1Inm::Y1lJ (Angle of Incidence) "l::ilI'i1LYhrllJl-j~~::Yft1U (Angle of Reflection) 

2. f~ ~ (II n m::Y1lJ Lt\'uun ~ u~::f'l~~::Yft1UtJt1lJt1~LU1::U1lJ L~ mrlU L~tJ~~ftn1iru::'!!t1'l 
m~::Yft1UL'!iuL~mrlU~'l 

.. 

Source 

* 

Y1~1 : Michel Barron, Auditorium Acoustics and Arch itectural Design. 

(E & FN Spon, and imprint of Chapman & Hall , 1933:21) 
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, 

..j 
Vll.J1: Michel Barron, Auditorium Acoustics and Architectural Design, 

(E & FN Spon, and imprint of Chapman & Hall, 1933:21) 

Ll~fh~lJln~.h~lJ (convex) L~U.:j~~nm~VltJ Ll~'l"l~i'l~YftllJm~"I1t.Jtltln 111 'WltJ1(mnlJ~' c;'ILCiI 

,"'l-Irt.:j l-I1n Ll~"I~m~"I1Utltln ltJ~'l "lrui'll.Ju;;~AmtJijml11tJL-ilnlJl.J1n L~tl ~tl.:jn111~ L~U~m~"I1t.J Ll~ 

tltlnltJ Llllm~'Yi1~1lJ~tl.:j~~.:j 

Source 

* 

..j 
Vll.J1 : Michel Barron , Auditorium Acoustics and Architectural Design, 

(E & FN Spon, and imprint of Chapman & Hall, 1933:21 ) 

~lJLijlJVlNn~l.J ~.:j)jn~~ilLleJ.:j~lJ,tJVlNm~tJtln (Cylindrical convex panel) l-I~1U1tilJL~tl"l~1~ 

L~U.:j Ll~tltln ltJ~'l1~tl.:j 
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2.10 m'l~flniUll'8<11Li!l<ll (Absorption of Sound) 

fl~11~L~tJ~\ln~liIn~u1u~fl~ L'1iU ~fl~U1::'Ij).J '"1tJijh~1l1VitJU~~1tJ h~~::f'l1 Lilu~~~'lA''1J~''I::~'l 

1~ih~tJ~,"u'ln~ (Noise) ,"1flL~tJ~~UJ~~U111ClU1~liIl.IfltJ~~ i~"I::~'l).J'l1Clf'l'lU~).Jm~::Viflunftulunftu).J'l 

(Reverberation) '!Jfl~L~tJ~l~~~'ltJ 1'~Iil~CJfllJ1;UL~flU1::ttJ'Ilu1um~L1tJnr)11'~lilfl::~~;!n6 (Acoustical 

Materials) ~~fl'l"l'l::Lilu4'lVi'lnWfllil ,"1fl1'~CIlflth~~unl~ tlilm~Vi'l::~ijCj'lti).J,"1fllYilU fh1-n1'~CijL,"fhl1 

LL~::'l'l~ 1u~'l LL '"ti~~\ln ~fl~ LL~'lVJn1 f'1U 1 U tN1l1VitJU~f,"Tfl h-l~::f'lflUtJfl).J"I:: l~tiuL~tJ-li iii L "IULLft::1Vi L1'l:: 

~'lt1~riU,").J1iI 'Wr)'l'l::,r~fl~~'1iI11i1't1fl~~fl~riI1l1).J ~'lfltJ'l~ L'1iU l-j).J'tIfl-l~fl'l"l"l::Lilul-j).JflU'llfl~ L~tJ~ ~muiln 

fl'l'l ~ iii ~-l1'~ ")1.1 CJ,r~,"1fl LVi ~'lU~ ij m1~::ViflU L~tJ~"I'l n l-j ).J~U).J 'l'1i'ltJ L~l).J L~ tJ ~ IJ1N l-j).J flU ril~ ,"1fl1 U~'lU~ij 

L~tJ~~::ViflU).J'l n1 'luYl'~ hJiL1fl~ fl'l"l LLnt 'tI tliltJm1tj1'~"l ~ liIiu L~tJ~,"1fl1'~ "lfl ::~~ ~n61 uulL'l ru~U1 

L Vi11::~::~um1flfl n LLUU~fl~ LL~::m1tj1' ~ Cij 1 ULL~ ~::~'lU'!Ifl-l~fl-l hj4'l Lilu"I::~fl-ltj1' ~ CijriuL~tJ~~'li~~fl-l 

fltJ'l-l hri~1).Jm1~n LL~-l~fl~ 1 ~~'ltJ-l'l).J Yl'~ L~tJ~ l~i iii L 'lUtJfl).J ~fl~ ~'lil~ t1~1'~IiI~,j1).J'l Hr)'lU~fllil.ntJ f'l~YlU . 
LL~::Ylulvl,"Tflhj )j~::~uririfl1~LnIil11'1J,"'lfltJ'l~~U~'l).J).J'lriu1'~Cij~1-n L'1iU lvll,"~ ).JflIilU~'lnnU ,"Tfl~IiI~'l 

r:JM'l'l).J~U vh1~un '1fl'1 

1JI'l).Jun ~ L~tJ-l ~ n r:J IiIn~U tliltJ~nm::~'l1~nfl'ltJ LiluVift~-l'lUfltJ'l~~U LL~'li'lIilVi'ltJn~'ltJ LilUVift~~'lU 

f'l'l'l).Jffiu LL~Vift-l~'lUf'l'l 'l).J 1flULn ~;Ul.Ifl U).J'l n'lU LL YlU'l:: hj n 1::YlU n 1::L Y1flUriUU1::~Ylfi 111 Vi '!I fl-l n 'l1~ liIiu 

L~tJ~'!Ifl~rl~"lriUL~tJ-l L'1iU rl~"l~ijlVilULL~fltJ'l~h lJi'lfltJ'l~ L'1iUfl'l"l'l1tJU'l3nmfl~ 1 i'l t).J~ Vift~-l'lUL~U~~ 

LLUfl~flfln LilUVift.:l-l'lUf'l'l'l).Jffiui-li'l ll-J-l ~'l).J'l1Cl,j'llu!1f).J~'l'll'lff'lU L~n11~ L Ylu~ff'ltJ L~tJ'l 

rl~Cij,j'l~1 ~~~n~uL~tJ-lff'lijf'l'l'l).J,"U'l~\ln~fl-lrifl'l'"lr:Jliln~uL~tJ-ll~-l 95 % ,"1flL'1tJnr)'lijp:h~).J 

u1::~Ylfi'tlfl~m1~IiIL~U-l (Absorption Coefficient) 0.95 ff'lf'i1~).JU1::~Ylfi 100 % ijp:hm1~liIn~u LVi'lriU 1 

ff'l 70 % ill'i'lLVi'lriU 0.7 rl~Cij~"I::Lilurl~CijriuL~tJ~"I::!1ffl~ill'i'l~).Ju1::~Ylfi).J'lnnr)'l 0.3 ,"Tfl 30 % ;ulu fh 

l.IfltJnr)'l~uhj ~'l).J'l1Cl,j'l).J'l LilUrl~ ~riuL~tJ-ll~ ~).Ju1::~Ylfi'!Jfl~ n'11r:J IiIn ~UL~tJ~~U ~'1Jft nMrun'1n L'1tJ n 

LLfl~vl'l a ~flf'l'l'l).J~'l).J'l1Cl1Un'11r:JliliuL~tJ~'!ItNrl~Cij~U11Uf'l'l'l).J~~ri'l,"UIiI1~ L'1iU f'l~UL~tJ~m::Ylu1'~"l 

U1::LJ1Yl,"~~ Ln"'n'11~::ViflUnftU 45 % LLfl::\ln~"'n~uL4hlu1Url~Cij~Ut1-l 55 % Fi'l~).JU1::~Ylfi'!lfl~n'11 

t:J"'n~uL;;'llu1Url~Cij~Ut1~ 55 % Fi'l~).JU1::~Ylfi'tlfl-lm1~liIn~UL~tJ-l'l::Lvhriu 0.55 (UJil,"ti'ltJrllil) ff'lL1'l 

lJI::tnu1ufl'lml'l fl'lml'lr:Jliln~uL~tJ~lu 1 ,").J'ltJf'l'l'l).Jr)'lfl'lml'lr:JIiIL~tJ-lLnlu 100 % LVi11::UJilL~tJ~ 

~::ViflUnftU LLtJiff'lLn"::tnu1tlCJ,r~~tj~'ltJm::IiI'lM'll1Ut1flU L~flrllilm1r:JliliuL~tJ-lLilu~).Ju1::~Ylfi LVi'lriU 0.7 

,").J'ltJ f'l'l'l).Jr)'l CJ,r~m::1iI1M'Il'lUt1fltJ r:J PIn~UL~tJ-l L111u 70 % rl~ ~~ r:J",iu L~tJ-ll~~~U~fl~il f'l'l'l).J,"U'l LLtiU 

l.IfltJ (Low Density) ff'lilf'l'l'l).J,"U'lLLtiU).J'ln L'1iU CJ,r-lriflt)3m1t:J~iuL~tJ~'"l::l.IfltJ 

~nU1::n 'l1,"~~ L i1u(1fl-l'!I fl-l f'l 'l 'l).J ~ ff'l f'l 'l 'l).J ~ ~~ rl~ Cij'l::~ liIi u L~tJ~ 1~).J 'In nr) 1 f'1 'l'l).J ~ ~ 'l 

t"'tJLilVi'l::rl~")U1::LJ1Yl~illYilU (Porous material) LL~1uYl'l.:lnfturiutl'l LiluCJ,r~4'lVi'l n Wfllil,"Tfl CJ,r.:l~U~fl~ 



21 

(Panel vibration) m1~~;Ul~tI~folt::;iiflmh'!lruM1)..J~~~ u~folt::;'O"'n~~l~tI~~iif1')1 )..J~~11~)..J1nnt)1 m'~(i\ 

;u l~tI~1Jfl~1~I1l~fl~lh::;LJWld u11tlHlh::; LtI'!l~1~m1flfln llUU~fl~ 1;( 

ujfl f'I~~l~tI~ 1tl m:::'VlU riu~~~'lfolt::; In'''tlrm!)m,nr~fl ~'l~~~~folt::;~::;Yi'fl~flfl n (Reflect) ~')~~;i~ 

'i::;U'Vl1m.h~t.,nr~1tl~~mml'l~fl~~flnc.Jl1~ (Transmit) ~n~')~~~folt::;~n~"'nft~l~11tn~c.J11~ (Absorb) ~h 

l~tI~~~~)..J(i\r.nn"'~ri1LU(i\L~tI~ iif'l,)1)..JL~)..JL~tI~ I = 1 folt::;l;( 

a 

r + a + t = 1------------------------ (4) 

= 

= 

= 

L~tI~~::;Yi'fl~ (reflected) 

L~tI~~\ln~"'nft~L~1hn~c.J11~ (Absorb) 

L~tI~~LL'Vl1mh~L~11tl~~mml'l~fl~~flnc.J11~ (Transmitted) 

. . ..... ... 
,,-­
So...nd w ..... 

pJ 2.13 ll~"'~tlrm!)m1nrllfl~L~tI~~m'::;'Vluc.J11~ 

~l-n: Cowan, James, Architectural Acoustics Oesion Guide (New York: McGraw-Hili , 2000:24) 

Yi~~~1~~\ln~"';u~1)..J11ClflfiU1t11~~pJ'llfl~~)..Jtl1::;~'Vli'!lfl~m1~"';uL~m (Sound Absorption 

Coefficient, a) ~1;(folt1n~fl~'Vl"'~fl~~ffir)~I1l~Li']~~~Eh!Jfl~~fl~ f'i1~"';UL~tI~d:l~fh~Uflnii~"lNfl1Yi'llfl~ 

r)~I1l~ii'll')~ folt1n 0 ii.., 1 ff1c.J11..,'Wr:l"'nft~L~tI..,~..,~11;(mnl~ti11)..J"I!1~ fi1~)..Jtl1::;~'Vlim1~"';uL~tI..,folt::; 

Lyhriu 0 ff1c.J11..,~"'nft~L~tI..,1tl~..,~)..J(i\ L'II~ 'IIfl..,LUf11 folt::;Lyhriu 1 
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SOUND ABSORPTION DATA FOR COMMON BUILDING MATERIALS AND 
FURNISHINGS 

Walst'J. ' 1t 

Sound· Reflecting, 
I 1lncJ<, LngIazed 
2 &d, ungialcd IIOd paon1<MJ 

3 Concrem, rough 
4 ConCI elfl block paonled 
5 Glass, ~ C large panes) 
6 Glass, ordinary wondow 
7 Gypsum boDtd, 1/2 on lhod< (naoIo-d 10 2 X 45, 16 on 

oc) 
8 Gypsum board I Idy<.~, 5/8 ., lhod< I screwed 10 1 X 

3.. 16 on oc WIth aorSj)aCe5 ".ed wnh fbOYS 
",soIafWln) 

9 Corlslructoon no 8 Wllh ') Uy~ 01 5/8 on lhod< 
gypsum board 

10 MaroIi, 0/ glazed I" 
I 1 Plasler on brocl< 
12 Plasl on concrele block (or 1 10 1tlocl. on ~llh) 
13 Plasl ... on lalh 
14 Plywood. 3/8 .... parri"9 
15 51et!1 
16 Venel"'" blonds, melal 
1 7 Wood. 1/4 .... parlCfong. w,lh .... space I.>ehnd 
18 Wood. 1 ... paneIong WIth ..... spa.:p boIw>d 

Sound-Absorbing' 
19 Conc:f I block . C08f sa 
20 lJghtweoghl drape<y 10 Ol/vd'. llal on wall (Note 

Sound-foflectong al most frequencoes 1 
2 1 MrIdunweoghI dr~, 140z/vd' drapod 10 half <)Ica 

(, e . 2 It of drape<)' (0 1 It of W'dI) 

n HeavywooghI dr~. 18 oz/vd' draped 10 hal! Ilea 
23 ~obc<glass fabric cvn.,.." 8 1/2 oz/vd' , draped 10 halt 

area CNo, The deeper !he aorspace behind lhe dropery 
(up 10 12 1fII , the {l'c.ltOf II ... low frequency 

absorptJon 1 
24 S!Y.'CIde<! wood fobo<boa<d . 2 ., lhod< on concrPle 

Cml9 Ai 
25 Tho, fbo.n m .. llen,,1 behond 01" .... lac"'ll 
26 Carpel. heavy, on 5/8 III p<.'f1or8Ied rnoneral fobe<boa,d 

Wllh _~ betwld 

27 Wood. 1/2", pane, • .g. periorllled 3/16 tn-<llar"",er 

holes, 11 " open <Ilea wl\h 2 1/7 tn gIa'>S I""" ", 
• space bcIWld 

FIoors I" 111 

Sound-Reftc;::;ng' 
28 Coner!'! or ter'/lno 
29 LonoIet .. n rubbc<. 01 lIsph.)h tole on con<rele 

30 MaroIe 01 gIaled lole 

11 Wood 
32 Wood pa<QUCI on conOClc 

Sound Absorbong 
33 CMpc·I . heavy on wnuele 
34 Catpel heavy 00 loam rubbc< 
35 Carpel , heavy w,lh If11perTTlf!able lalex IMd<.'!l on fOdln 

Mlbct 
36 ~>rIoo< OUltloo< carpel 

Cethngs '. ,.." I 

Sound Reflecting 
3 7 CO"'(lPI,· 

38 Gypsum I"Mrrl I , '} ., It .... ~ 
39 uYfbtifl ' tXklf'rt , 1/7 K1 ,r...~ _1 ..... '·..pt · r'~KJI1 ~y ... tttfT l 

4() P\;o"II" 0<1 "'Ill 

41 Plywood 3i8., It ... ~ 

Sound Absort>onQ 
42 A(.(lu~'teat bc.MfO J , 4 In thl":" In ,\1I~ns.t()t1 ,vstf-fn 

( n' I'! f 1 
43 SlWf:O-lPt1 WO\ld lb-¥tJodrd )., , ..... on lay In quo 

Iml., [I 

_ _ _ Sound A~tK>n ~ffK:ient NRC 

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz Numbef· 

002 
001 
001 
o 10 
018 
035 
029 

028 

001 

001 
012 
014 
028 
005 
006 
0 41 
019 

036 
003 

007 

014 
009 

o lb 

060 
037 

040 

~Ol 

002 
001 
o 1!J 
004 

001 
008 
o OIl 

DOl 

001 
1179 
o I'; 

() 14 
o :>Il 

n 16 

QO. 
001 
007 
005 
006 
025 
010 

014 

012 

001 
002 
009 
010 
022 
o 10 
005 
021 
014 

044 
004 

031 

035 
031 

026 

01':> 
0 41 

090 

001 
003 
001 
011 
004 

006 
024 
on 

ooe, 

001 
(1 10 

010 
010 
02) 

093 

')01 
007 
004 
006 
004 
018 
005 

008 

010 

001 
002 
007 
006 
017 
010 
007 
010 
009 

0.11 
011 

049 

Ob', 
068 

067 

082 
063 

080 

007 
003 
001 
010 
() 01 

o 14 
057 
o 3~J 

010 

002 
OO~ 

O()<, 

(J 01, 

011 

083 

0'>3 

()()4 

007 
006 
001 
003 
Ol} 
004 

004 

001 

0(11 

003 
005 
00'> 
o (J<I 

OlD 
015 
008 
006 

U;'>!1 
o 11 

01';, 

DO 
083 

0!J4 

0110 
Oil', 

() 07 
001 
001 
00/ 
() OJ; 

() .I / 

06'.! 
U 14 

() )() 

00.' 
\l ':,1 

lIl', l 

111 1'. 

11 / I 

005 
00') 
008 
009 
002 
007 
007 

o 12 

on 

002 
004 
005 
004 
o 10 
007 
o 13 
006 
006 

039 
() 24 

010 

070 
039 

064 

o tiO 

096 

040 

om 
003 
001 
006 
00(. 

060 
071 
048 

(J 4', 

00: 
(101 

001 
004 
010 

(IS!:! 

OOT 
003 
010 
008 
002 
004 
009 

0 1 ' 

009 

002 
OCY..! 
004 
003 
011 

002 
011 
006 
005 

02[, 
035 

060 

065 
o 71i 

09:' 

03l:l 
092 

030 

(101 
00) 
() 02 
001 

007 

06', 
on 
0(i3 

065 

\l O} 

000 
lJO,) 

001 
011 

() 94 

0/4 

00<­
o 
o ()!, 
005 
005 
015 
005 

010 

010 

000 
005 
00':> 
00', 
o I., 
010 
010 
OlD 
010 

03!> 
015 

055 

060 
055 

(150 

o 7!J 
070 

06!> 

000 
00') 
o J 

OW 
005 

030 
OS5 
03!> 

() :>0 

()( 

00'> 
00', 
01\':0 
o 1!J 
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SOll,l<1 4b!O<phofl Coetfu;U.''f1t NRC 
125 H~ 250 Hz ~00 Hz 1000 Hz 2000 HI 4000 Hz Numbc,· 

... Too porous sound ab>.0<b0ng ma[f)f1III 010 060 080 082 0/8 ObO 07'> 
314 ., thock I mtg B I 

45 n .. k porous 5Ol.nd IIbsorlltf'll matenai "} .., Ihck 038 060 078 080 078 OlO 07<, 
I mtg B I. 01 thro rnale<1O)/ wIth ..... spoce bcIW1d 
Imlll 01 

46 Sp. dyed cflluloso fobl-rs 1 If1 thlcit on COflCfete I ml'l 008 029 o 7r• () <lR () 93 () 7t; o 7~ 
AI 

47 GIlls, fbar roo! fOOne. 12 01 1 yrt' 06'> 011 OS? 08b 076 () hI OliO 
48 GIa~ fbel' roof fabo<:. 37 1/2 Ollyrt' INere Sound 038 073 o I I o 1~ () ()<] 006 01S 

rl'fle<.lIng t rOOSt frBql>enClC5 I 
49 Poty.rethane foem. 1 on tnd< . open eel. retlQJl;ated 007 011 070 0]) ObO 08'. 030 
50 Par""" (lIass hbettloard paneb. 1 .., tin by 18 on 007 () 70 040 052 060 o iiI 04'> 

deep, spaced 18 .., apart suspended 12 111 below 

cc41I1q 
51 Para..., (liaS!> rlberboard panels, 1 111 thock by 18.., o 10 029 () 67 I 17 I :l.l 1.18 08!:> 

de<>p. spaced 6 1/2111 apan. so~ 12 If1 betow 
lNr1<) 

Seats and Audience II.' I II I 
52 FaIlI .. ,.,.,. uphoIsICl'ed sealS. wl\h Jl('ftOl.l1ed ",at 01') 011 050 o G7 0(.1 O',q 

"'''',Uf~ 
53 Leathc< CO\IeIed upholstered S<lOJls. unocc,..-:!' 044 O~ 060 Ob2 O!:>8 o ~.o 
54 Aud>eoce seated IfI uphoIslered seats' 039 057 080 0')4 0'17 o HI 

55 Con(Tf'9altOn, seated 111 woodon pews a 5:' () h [ o I!:> Oab 091 08G 
56 U,... """at or wood seal unocC\JP'<'d o 1!> o 19 on () 1'1 o 1R () .10 

57 5tud<-nt. 1I1fOlmaly dressed, ted Ifl HMlIt .... 1 atm d\CMfS 030 041 049 OM 087 () 1:14 

()pen.ngs It, 1 

!)8 Deep balcony. Wllh ...,t>oIslered 5Ca1S O!JO 100 

59 DtI1use<s 01 gnlcs. mochanocal s~lem 015 0 r,cJ 

60 5["9" () 2!:> 0 7'.> 

Mt~~1.'t'l 

61 G-1VeI. loose and moo t. 4 111 Ihck 025 ObO Ob'.> 0/0 0/'.1 0.80 0/0 
62 G-ass, manon bluegrass. 2 111 I'ogh 011 076 060 069 0'1;> 0')9 () GO 
63 Snow, freshly falen. 4 111 lhock 045 075 090 09~ 09', 0% 090 
64 SotI rovr/l 015 o i'~ 040 O!:>!> 0('(1 o 6() 04', 
65 T,,,,,,,. baI-" f~ 20 11' grOllnd BrIM pc< [, .. c. 8 h htqh 003 006 011 011 () .. I () 31 01~ 

66 Wale< surface I sWtrTV'rllng pool I 001 o () I 001 001 II 0/ 001 000 

• PIfIC (no.se reduc.1OO coefflClCf1') IS a 5Ifl9Ie number rallllg of lhe sound absorption codf~K!IIIS 01 J l1101u,IIJI I[ I:' all 
avefage .ha. only wlCludes the coefflClllfl's In .he 250 '0 2000 Hr fr l'qucncy rafl<JC and .hcI,..forp sh<xilcl 1><' ""P<1 Wllh 
cav'lOfl See page 50 f~ a dISCUSSIon of .he NRC ratong me.hod 
lReler .0 manufac1UfCl"s ca.alogs fOf absOfp,1OO da.a whoch shouk1l>!! from up 10 ddlP 11'515 by Ifld{>pend .. ,,[ d( 'K,,>IWill 
iabofa.ones acrordll'l9 '0 CUTef1t ASTM p!'ocedures 
I Coefflctents 81'8 per square foot of seattng floor arca Of per Urlll Whet e the auc!K'" t' IS randomly " 1),,11 (>(1 ( .. 9 
CQUflroom. cafetCl'la) . mtd-/requeocy absorp.1OO can be 8stlf11atcd a. abOUI 5 sab",~ reI person To u,' prcu"p 
ooefflClCfl'S per person must be stated WI reiallOfl to spaClf19 pattern 

~ The floor 81' occupood by the audoence must be cak:ulated to Itl(.hJdc an edge effccl al aosles For dn "I "Ie bounded 
011 bo.h SIdes by aucIIeoce. IflCIude a stnp 3 ft WIde. 101 an al!>lc bounded on only one side by audience, ")Clude a StliP 
1/2 ft WIde Il1o edge cffect IS used when lhe SOB,"lQ abuts waRs Of' ba:. ... :ly fronls (bc<:ausc lhe cdql' IS shoelded) 
The coefflCleflts arc also vahd fOf' ~chestra and choral ar s al 5 10 8 It} per person OtdlP.stra arpas Indude r>N>I)~' , 
rrlS.rUlTlcnts. muSIC rncks. el c No edge effects Me used around muslCrans 

1CoefflCten's fOf opcnrngs depend on absorp.1OfI nd cubtc Voltllll(' of OPPOSIIC slOe 

T est Reference 

"S tandard Test M ethod for Sound AbSOfptlon and Sound Ab~orrtlon Col'fflclPrl1~ by 

the ReverberatIOn Room M ethod •. ASTM C 423 Avallabh! flOm Amerrcan SoclI·tv fOl 

Test[ng and Matenals (ASTM) . 1916 Rac(' S tWf't, Phllddt-'Ipilld. PA 19103 

Sources 

L L Beranek. Aud'l!nu' ,mel ChOIr Ah',OlptIOIl 111 l drlj" H"II ', .JowII.l/ol 1/1< ' 
Acousllcal Soc/ely of AI1l(]nccl. JrlfllJdrv 1969 

2 A N Burd et ai, 'Data lor the Acoustic DeSign 01 S1U(ho~. Brtllsl1 Hroildt"~ '"1q 

Corror a'lon , BSC F. nY"lCt!rUl!) M Olloqraph 110 64 Novpml)l"r 1 !'l66 

3 E J fVrlns and l: N Bazlf'vSolJnd Ab',orblll~l M.l1f'rrals . H M ~ldll()flpry ()fill" 

London. 1961\ 

... 
Yl).J1: M.Oavid Egan. Architectural Acoustics (New York: McGraw-Hili , 1988:52-53) 



24 

k ~ ... ~ ..j a ... ~.., ..... ~ ... 
Ui'l\l) ~ 11 LntJ\l ~ 1 CJ nllfllJ~ 1flYilJV111 rn 1:; n"l :;~V1 \l n 11i'l:;V1fllJ u~:;n 1 m 1:;"1 '" n 1:;"I1tl ~ n11LfI tJ'l ~ ~ 1lJ~ nliru:; 

1J11\l1 nlJ ~1n~lJij'l~ij~lJ~,J111f!l1:;~1flij1fl\l~1 nni'l1~11C1Yi11,x Lfttl\lm':;r.i '" m:;"11 tlflfl n hJl~~1n~~ '" 

~1nijlfit'J (PoroUS) ~'ltln~:;~\li'l1~11C1~M~lJLfttl\l1lJL'l~1L~tJ'lnlJl~~~'ltl 

.J ... '!'J" J'_ 
tuV1 2.14 n11m:;~"'m:;~1tlllfl\lLntl\l~flm':;V1lJnlJYilJc.J'lllrn1:; 

~~1: Michel Barron. Auditorium Acoustics and Architectural Design. 

(E & FN Span. and imprint of Chapman & Hall. 1933:2) 

2.12 LL,.ti·uhdl"Li!l~'i1.Im\l 

u~fl\lrhLil"'L~tl\lrumlJij~1n~1tl L"'tl~'lhJu~fl\lrhLU"'Lfttl\l~\l~~\l~~fiflfl1"11U~:;n11 

~1LillJn~nn~Intl1lJfl1"11 UU\lflflnLillJ 2 l.h·:;Lf1V1 ~fl U~fl\ln1Lil"'L~tl\l~Lil(;1"11nIntllJflnfl1Pl11 L'IllJ 

n1~11~1 n1111lJ~\l LN\l1lJ ~(J1i'l1~nn~ L,,1fl\lr.im L"~\lLfttl\l n11r1fli'lrN LillJ~lJ U~fl\ln1LU(;1Lfttl\l~Ln'" 

Intl1lJfl1"11 L'IllJ n~~"'lJ n~m1~Intl1lJfl1"'11 ~tJmnr ~ffiL",1fl\lijfl 1J11\l1 LillJlflJ (Doelle. Leslie L. 

1972: 140) 

Lll'Itl~'l hJm1u~n1:;"I1tlllfl\l L~t.I\l~lJn1.J'lIil(;1'11fl\l U~fl\ln1 LU(;1Lftt.l\l L'IllJ U~~\ln1 Lil", L~t.I\l L'IllJ 

U~fl\ln1LU"'Lftt.l\lUlJlJLillJ'''' (Point Source) Yitr\lLftt.l\l~:;m:;~1t.1flnLvhnlJYJn~PlV11\l"~1t.1tu'Nn~~~ij,,,, 

~lJtfn~1\lLillJu~fl\ln1LU(;1 L~t.I\l 01 U~~\ln1 LU(;1Lftt.l\l LillJUlJlJLillJL~lJ (Line Source) Yitr\l Lftt.l\l~:;m:;~1tlflfln 

~1n U ~fl\ln 1 L ilM~1t.1vJV1Nn 1::lJfl n (Cylinder) ~ffi '" 1\l'1lfl\ltuV1 1\1 n1::lJfl n Lilfl U~~\ln1 L il", L~t.I\l ~"'1:;~lJ 

m:r1~lJ L~t.I\lrumW11t.1lJflnfl1"1~1nij1:;t.I:;,.h\l"l1nU~~\ln1LU"'LfttJ\l~1nntj1 200-300 ~~ ~:;l~ru . 
~V1tiYi~~1 n M1Yi U '1 "'~fl~Yi11,xLn '" n11~ "',lJ Lftt.l\l-n11i'l:;VffllJL~t.I\l ~\ltl\l ,.1tJ1:;nfllJ 1'i1\l1 1Ifl\li'lInYi U '1 "'~fl~ 

~:;i'l1~11C1Yi11,x1:;~lJL~t.I\lrumlJij";1L~~~lJ~ffifl"'~\ln\l 20 L"';LlJ~ 011::tJ:;,.h\l"l1nU~fl\ln1Lil"'L~t.I\lij 

~1nntj1 1000 ~(J1 



25 

pJ~ 2.1 5 u~~~m1nr.:"I1tJL~U~"tl~L~U~~iiu,u~~n1Ln~LihJ'~ (point Source) 

~l.n: Cowan, James, Architectural Acoustics Design Guide (New York: McGraw-Hili, 2000:18) 

..l 
Y1l.J1: Cowan, James, Architectural Acoustics Design Guide (New York: McGraw-Hili, 2000:1 9) 



Home 

AI;wrr. clock al 4 10 9 h (""9""l) 

flee ... c shave< ill 1 'I, h 

Vocuum cleaner 31 3 h 
Gartld9" dosposal 31 2 h 
Ciolhes ",,<>She< al 2 10 3 It I w.," cycle) 

T 0tIe1 f refilling lank) 

WhIrlpOol. "X nazllcs f r."'\l rllh I 
Window a. -conOoltOfWl!) """ 

Telephone 81 410 13 II (rw.""y) 

TV 31 10 II 
SI"'oo Ilee<"'9C' hSI""'"9 1<. .... ,1, 

SICfoo I adull hslefWlQ level) 

Vlo"n 31 5 II (fO<tISSIrTlO) 

NormaJ corw .. ~saIlO< l!>j)COCh in 3 II 

Outdoo<s 

Bords al 10 II 
CICadas 
Large dog a l 50 h (barl"ng) 
Lawn mowe< al 5 h 
P1slol silol al 250 h (pc"" orT1pUi<w k'\l'~~l 

Surl al 10 10 15 tr (mo(l"'dl,. ~a.) 
Wond., uees 110 m/h) 

T ransportalion 

LiII'gt' Irucks AI 50 h f 55 m,/h I 
Passeng<!l CHS I 50 II f 55 mo/h) 

M010lCycie al 50 h r fool ''''011k>. Wllholll 
haff1r.) 

SnowmoboIe 31 50 h 
Tr_ ~I 100 h (puI1oog hard) 

T ra.n uen al 50 h 
Car horn~: ~5 II 
ConvnerCtal llxbolan owpiane a t 1 mtIc (from 

lakcolf IIoghI palh) 

MoIrlaty heitcopter 3t.' 500 II I Single cogl"". 
mcOum sue) 

Intenors 

Amphfoed rock musoc pl'fformance ( .... 9" 
afena) 

Audooln$03l room 
AudrtorlU<Tl (applause) 

ClasSfOom 
Compute< eQUOI)fTl(lrll loom 
Dog kennel 
GyfllnaS<U1l 

KItchen 
L .. bor dlOl)' 

Library 

MuSIC pr IICfl room 

Aacquetbai covn 
ReceplIOl1 and loblJV arpa 
T !'Ieconfereoce 
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Sound Pressu<e level f dO ) 

63 Hz 125 Hz 250 Hz 500 Hz 1000Hz 2000 Hz 4000 ~ 8000 Hz 

59 
48 
64 
59 
!>() 

68 
64 

4 Y 

60 
56 

85 

71 

83 
72 
95 

6tJ 
95 
88 

77 

92 

116 

85 
60 
60 
78 

72 
86 
65 
60 
87 
90 
82 
60 
65 

46 
58 
66 
,,3 
65 
55 
65 
64 
41 

62 
72 
66 

5/ 

50 
87 

72 

85 
70 
95 

82 
102 
90 

82 

89 

117 

89 
68 
66 
75 

78 
85 
70 
63 
86 
94 
85 
66 
74 

48 
49 
69 
69 
59 
53 
68 
65 
44 

64 
83 
75 
91 

67 

58 
86 

70 

83 
6/ 
91 

84 
94 

110 

82 

83 

119 

92 
75 
72 
73 
90 
84 
79 
73 
66 
85 
96 
80 
77 
/8 

55 
62 
/3 
56 
59 
54 
69 
56 
56 
67 
82 
12 
91 

bJ 

68 
84 
83 
11 
JJ 

85 
66 
91 

/5 
90 

110 
92 
78 

81 

11 

90 
79 
77 
78 

104 
89 
78 
75 
67 
84 
96 
85 
77 
90 

62 
60 
79 
55 
58 
57 
71 

53 
fi8 
10 
87 
70 
87 
':>1 

35 
70 
81 
91 

67 
35 

81 
61 
91 

18 
86 

107 
95 
70 

76 

11 8 

89 
85 
74 
90 

106 

86 
lJ 
72 
64 
83 
96 
83 
74 
19 

62 
64 
n 
50 
54 
56 
11 

48 
73 
68 
fj() 

66 
83 
4H 

IIi 
66 
87 

/l 
87 

100 

90 
SE 

17 

115 

87 
84 
68 
18 

101 

80 
12 
0'1 

58 
14/ 
9 1 

7', 
f'Il 
7S 

70 

60 
73 
~.o 

50 
57 
68 
44 
C,!) 

63 
15 

64 
19 
40 

52 
54 
!)2 
70 

102 

58 
31 

17 
59 
87 

79 
83 
91 

90 

67 

109 

85 
I!) 

60 
74 

89 
12 
65 
65 
50 
80 
91 

68 
60 
68 

80 
59 
72 
49 
46 
52 
(i!l 

37 
83 
39 
60 
48 
66 

54 
48 
48 
n 

106 

54 
35 

69 
79 
18 
60 

5 1 

107 

80 
65 
50 
70 
79 
64 
57 
61 
40 
78 
90 
62 
50 
60 

...J 
Yl~1 : M.David Egan. Architectural Acoustics (New York: McGraw-Hili. 1988:34) 

dOA 

80 
68 
81 

69 
67 
63 
14 
59 
8.1 
14 

86 
15 
9~ 

6.1 

51 
57 
77 
86 

106 
78 
4.1 

86 
71 

95 

85 
94 

109 

97 
79 

80 

121 

94 
88 
78 
84 

108 

90 
81 
77 
68 
88 

1 
86 
78 
83 
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I'1I'J"N 2 .3 L~tJ~rumt.l~ln~tlmnrtl1::nfl1Jfl1f'111~1~1 

Sound p"-,,~ lMw!t (tlU I 

Equipment 63 Hz 125Hz 250 Hz 5()0 HI 1000 til 2()()0 HI 4000 li~ 8000 til 

Absorpt IOn n"laChllm 91 86 86 86 83 80 77 72 
AxIOl fal l 98 99 W 98 ~1 95 !ll 87 
BoiIet 97 92 89 B6 83 ij() 77 74 
(;enlrifU9'd Ian ~tj 9!) 89 90 Bl 82 I t 77 
Q-der, c ent"fuc}<if 1'10 85 87 87 !)(l ~ ~1 8 7 
COlTlpre~-;sor . atr 86 84 86 87 at, 84 80 7!i 
Condense< 99 9 2 90 00 89 86 76 63 
Coo/inn tower 102 102 97 94 ~ 88 84 79 
Fan .:001 unil 51 55 S3 50 'l8 42 3H :J.! 
InductIOn 01111 57 58 56 !l4 4 5 40 35 33 
!'l AC 64 64 65 56 ~;3 48 44 37 
Pump 75 80 87 R7 At> 80 77 7!> 
Rooftop untl 95 93 89 8(; 80 75 fi 9 66 
W~( fum; ... , .. 65 65 G9 63 4R 45 3!~ 30 

Refet"ence 

" NOISe from Curt:;tructJon EqUipment and Op€ra lJOns, Building CQUIPlllefl1. Clnd Homj' 
A ppllancp.s:· U .S. EnVironmental Protect ion Agency, N nD 300. I , Washington. Lk 
cember 19'/1 

... 
'VI~I : M.David Egan, Architectural Acoustics (New York: McGraw-Hili , 1988:315) 

2.13 Lnw",i'LiI!I-II (Noise Criteria) 

1::IIi1J L~tJ~'tIfl~Rm'YiU'l"'ftfl~ (Ambient sound level) 1t.1~t.I~ LUt.lfl~pftl1::nfl1J~~I ~t1J~fl1::lIi1J 
~ ..f ... ::. .~ ~ ... ... ~ ... ~. ! ~ , ~ ..f..J ~ J! 
L~tJ~'tI fl~'Yit.l'VIt.lt.l Ufl:: Lut.ll'l'l1JflncHf'1'lI~'Yi~'Yitl ~~"'ffi U-J'Yifl ~~'tIfl~n~~f'1t.1 ~t.I'Yit.l'VI L~tJ~'tItl~flf11'YiU'l"'~tl~ 

LU\J~'lriIU~",1flLUt.l~'lrTt.ln11ri~~lt.1't1fl~L~tJ~ltlC1~~t.I~ ~fl~~"'rit.l"'ffi~t.I~~fl~lnftrit.l f'1'lI~~tl~n111::~1J 

L~ tJ~~1 n~m'Yi U'l "'ftfl ~'tIfl~ U~fl::fl1 f'111UI'I n ~h~ rit.l;t.lri1J~t.I~ Ufl::f'1'lI~~1 ~ t1J'tIfl~n~ n n~ Lnru'VlL~tJ~ LUt.I~ 

tJfl~ru U~:: 1{rit.lmn 1t.1n1nJ1::d1t.1i1t1J"'I~ Ln "'~ln L~tJ~ U~:: 1{LUt.lLih"'~ltJ It.ln1ffifln U1J1JL~fl H1~L~tJ~ 

Ufl'M LUt.I~m~ru:;L«t.I ~~n1rnlnLnru'VlL~tJ~L"'tJn11fllnL«t.lf'1'lI~~~~t.lfi1::"'~I~f'1'lI~IIi~ ri1Jf'I'lI~~~::1~";1 

Lnru'VlL~tJ~ (Noise Criteria , NC) ~fl~ ru IJiIU,..ti~~~t'!"''tIfl~L«t.I 

d lSA 

89 
lU~ 

R~ 
92 
~OO 

91 
92 
9 7 
~j 

54 
5!-J 
89 
8 7 
'.jJ 
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90 

..;.I!D 

NC.·75 

~ -80 

~ 

~ 70 
I>IC 70 

-77 
Oi 
It' 
dI ... 60 
~ 

- '1 ~ 
e 

- c.. 

~ 

I 
:lO 

I AO 

~ 
~ ;:,0 

~ 

- Cot ~~ 

-56> I ~ se 
-~ ~I ~ii - .47 

~ ~~ - 42 

-~ I~ m 
- :04 

20 

-~ ... 
~ 

- lb " ~ 
10 ~ 

-21 

1000 

OCTNJE eAt«> CCNrER r~ IIHH2.1 

6X)O 

~~ i!J-
~~ § ~ 

Llt.JUlJi3 2.2 n1'wlY11~7)l'I'lm1).J~Lnru"'Llt'\~'Hnru"'L~tJ~ (Noise Criteria, NC) 

~).J1 : Cavanaugh. J Willaim and Wilkes, Architectural Acoustics Principles and Practice 

(New York: John Wiley & Sons, Inc, 1998:37) 



Type of Space (and Listening Requi rements) 

Concert hlUS, opera houses, broadcasting and recording 
stLcios, large auditoriums, large churches. recital ha Is 
I for exr.P.lIp.nI lislfminy t:ollcli liof's) 

$rr;tl (llirlitorilims. Ihp~lp.rs mllSI(" rrru:t ll:P. room s. Iw~JP 

meetmg rooms , teleconfe l ence rooms . audiovisual fard ltl!:!!> 
large corference rooms . executive offices, small churches. 
courtrooms. chapels (for very good listening conrlltlons I 

Bedrooms, sleeprng quarters, hospitals , reslde'1ce s. 
apartments. hotels. motels (for sleeping, resting, rola)(1119) 

Prr/ate or semiprivate offices , small c",nference rooms 
classrooms. libraries (for good hstp.ning r("mrin ons) 

Large offices. receptloQ areas , relall shops and stores, 
ti:lfelerld~. 1 ...... ldula ll!:. , YYII11Id!>IUIII!> (fUI I liudeldie ly yowl 

\stenlng conditions) 

LoIbes. laboratQf"Y work spaces. drafting lind englneennq 
lOOmS, gfln"lr I s-ecretanal areas. maintenance shop~ ~u(.h 
,s tor electrtcal equipment \ for fair listening concltlons) 

(rt~nf,. laundries, school and rndustnal shops, COMputOI 
~uipment rooms (for moderately fair list nlll3 ('oM l l lons ) 

Preferred Range 
of NoiSf! CritPrili 

NC:-70 

NC LU to NC 3U 

NC 25 to NC-35 

NC 30 to NC 35 

\Ie 3!J to NC 40 

\Ie 110 to NC I1b 

NC 45 to NC 55 

29 

Equivalent 
dBA Le\JeI • 

. 30 

30 to 38 

34 to 42 

38 to 42 

42 to 47 

47 to b2 

52 to 61 
,IDe rot UJC A 1IYC'3hliJd sound 1r.\' 01~ (d3A, lor ~pcclflcatlon pi rp o';f S.Ph IrlJn ~-. hOJ)'~" Jfid flO~r- ,h...lfa . (,rl'.tIC·, <"'dn v,HV 
~ f)( blclr''1fOUnd nC>IStlit With ,d(-n llcal ;l. ",,"09'1tod hoOU1d 14I .... I.h. ~ i.('~ .... ".~p 1 

..I 
~UJ1: M.David Egan, Architectural Acoustics (New York: McGraw-Hili. 1988:233) 

1lJm1~m:nU"{tI~1~ty1lJmffit1nUUU~tl~1.h~').JL~tl~rN~nUnYi L~tI~~~ ~tlm1ti~U"{tlIJi1~1 

~~~~fllJitlf!CWl1YiL~t.J~~~'1Itl~~tl~1.h~,).J ~1~f1.Jl'h Noise Criteria ~tltl).Jful~'1Itl~~tl~th~').J~tl NC-20 to 

NC-30 ~1~~UL~tl~ 30 to 38 dBA (M.Oavid Egan, Architectural Acoustics. P.233) ~~~lJ 1lJn11~nM1 

"'f~il ~~ri1~lJ(;l .. h Noise Criteria ~tltl).Jf1.Mf~ NC-20 to NC-30 ~1~~UL~tI~ 30 to 38 dBA 

2.14 Reverberation Time (RT60) 

L~tl~~ntl~~::YftllJn~uhJn~U).J1 L"IllJ ~tl~tJl::').J~jj~l!~UUU~1U~lJ L~tl~n~L~~Ufl::U~bJjj 

n11lJl n ulJi~ L~t.J~~ Ln (;l~lJ"1nt1ilJri1 Li'l(;l L~tl~~~YftllJn~U).J1~1 L'111lJL 'lfl1~tl1'llJ1lJ L 'l fl1~tl1'llJ1lJ~tl L 'lfl1~ 

Yi11~ Ln M11nm'llJ LYi'11::~~lJlJtln"1nm1r,hri ~m1~::YftllJU~'l L11U~ "''l1fl~ L'lfl1'11tl~m1~::YftllJn~u1~ 

Utltlfl~ "::'htl1~m11~lJ~~~~lJ 1J11).J~~n1'111m1L1tln~1 "Reverberation Time" ~ffiL~tllJtitl~1 RT ~1tl 

RT60 1'flm1fl ~ L 'lfl1'11tl~m 1~::YftllJn~u 1 ~Utltlfl~1fi~~~ ri;;tl m 1L~tln 1 i1' ~ "l~jj .. h ~).Jth::~Yltm1~ ~ n ~lJ~ 

~ L"IllJ Yi1).J~~jjfii1~).JtJ1::~Ylt~ 0.63 1lJ"''l1).J~~ 500 Hz LLYllJ~lJ~~lJi~~jjfii1~).JtJ1::~Ylt~ 0.02 (fii1 

~).JtJ1::~Ylt'1ltl~ 0.S3 ~tl f'I'l1).J~1).J11t1'11tl~1'~"l1lJm1~~;UL~tl~1~ S3%Ufl:: .. h'1ltl~ 0.02 jjm1'O(;l;uL~tl~1~ 
>-

Li'ltl~ 2% Lyhl!lJ) 

Reverberation Time (RT ~ffi RTSO) ~tl L'lfl1m1~::VitllJn~U'1Itl~L~tl~~f'I~L~~tltl~Liltlt1ilJ 

L~tl~~~(;l U~'l Li]lJmrl(;lfii1'11tl~ L'lfl1V; L~tI~~~VitllJn~u~jj1::~UL~tI~fl(;lfl~ SOdB L~tl t1ilJL~tI~~~(;l LL~'l ~h 
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L'lfnufltJhJ"l:;l'i11~nrj1L~tJ~ll.1,xfl.:nrl.l~1mnLnl.lhJ hjiiil~~'l1 ~1flL~tJ'lLL,x~(Dead Sound) 'lCi1m~.,.n:; 

,xfl~L~l.ICi1l.1",1 LL~t'h~111fl~L'l~1l.J1nhJ n"l:;1~l.IL~tJ'l~:;Vffll.ll.J1n (Live Sound) 

m1flfln LLUU,xfl~ ~1~1 m1~:;vrfll.lL~tJ~ LL~:;m1 Ht)~~~:;vrfll.lL~£J~ n1:;r.nm~£J~ LL~:;~Ci1iu 

L~tJ'lii ~'l1l.J~1 f'i tyflth~l.J1n"t)~m -If L Yi 11~1m~tJ~nt)~ Liil.l hJ.,:;l'i11 ,xm1~fl ~11-1ft)~~ ij Ci1Yi~1 Ci1 11.J1I1 Ci1 

~'l1l.Ji Ci1 L.,l.I ~~ii r.J~ "fl n1'lYh~1 l.1'l1 fl~ ~~fl~ll.1~l.I~ L Yi 11 :;~:;,rt.m11flfln LLUU,xfl'l ~1 d:ll.lfJi'fl'l PI'JU 1'Jl.J 1'I'J1l.J 

r'ffl~n'l'J1l.1(RT60) 1,xL~l.J1:;~l.J 

0-

m~1~1 RT (Jl1l.J~'!Jfl~'111Ul.l (Sabine) ii~~il (Cabanaugh, William J; and Wikes, Joseph A. 

Architectural Acoustics: Principles and Practice (New York: John Wiley&Sons, 1998) p.21) 

RT = 0.161 VIA (In metric Units)-----------------------(5) 

... 
RT Reverberation Time (RT) , Second Ll.Jfl = 

V = mm "'1'!It)~,xfl~ , m3 

A = ~1m1~Ci1iuL~£J~r.ll.J'!Jfl~,xfl~, (Sabine, m3) 

= S1 0 1 + S20 2 + S30 3 + .. ........ .... SnO n 

S1 ,2,3 
.t.... s,. 

= Yil.l." r.J'l'!Jfl'l~fl~ , m2 

0 1,2,3 = ~l.JU1:;~."tn11~Ci1iuL~tJ~ 
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,hn Cavanaugh, William J; and Wikes, Joseph A, Acrhitectural Acoustics: Principles and 

Practice (New York: John Wiley & Sons, 1998:156) 

1Um1~mfil"hL~t.J')f11J RT60 ~L\Un::i'!~n1J~t)':nJ1::"l~~~mfitlilt.l Russell Johnson 

(Country of Russell Johnson and Bolet Beranek and Newman, Inc) Viu:h RT60 ~L"n.J,)::i'!~thl,d'u~t)~ 

Ur.;"l~ t)~1::~~,)~ 0.7 -1 .1 iSu')Yi ~~tiu 1um1~m~nif"l4't.I~')~t\j1um1t)t)nU1J1J~t)~U1::'l1~L~t)i'lr,~ 
I ... '" t 

"lNfl,)ViL~t.I~Yi~ f'lf~il~~ri,)~uIil1~Fi') RT60 YiL~~,)::i'!~ t)~1::W),)~ 0.7 -1 .1 iSu')Yi 

2.15 mHuhu Lia~L'li1111!J" U,4'8~,,'i'8ll1a" U'81f11~ 

L~t.I~~~~"huL;r11u1u~t)~~ffi1utl1f'1,)1i'!1~11(1uti~Lilu2 ,UU1J1J ~tl 

2.13.1 L~t.I~~fltllil~huYitl1::1J')t.ltl1mPl ~u')"h~~1tlU1::~ ~Ltllil~~Hd1uL~tJ~~i:itl')mPl 

Lilu~')mn~ L1tJn~') Airborne Sound 

~... ~ ~ ~ _ .l' ... .. • '.l{ ~ ~ ~ ... -
2.13.2 h'ltJ~'Vlm::'Vl1Jn1Jc.JU~~ffic.J,)ViU'VlU1J~ (Solid Body) "I::'Vl1 LlilVifl~LrltJ~1J')~n,)U'VlLnIil 

"I')nm1iUi'!::L Yit)u'llt)~tl')m,., u'Vl1mhu~u c.J'I!~tiuluc.J'I!~~n "',)\I~~~ L1t.1n~') m1~~~huU1J1J"'N 

(Direct Transmission) Ufl::Vitt~ L~tJ~1J')~fl,)u"l::ucJm::"I')t.llumt.l1uc.J'I!~ u~,)'Vl::t'lluu~tl')mPlYitl~ 

~n"'')u~~~ Lffin~') m1fl~u1J1J'Vl1~~t)~ (Indirect Transmission) ~~i'!tl~pJLL1J1Jm1fl~cJ,)\lL~tJ~n 

L1t.1n~') Structure borne sound ~1\1'Vl1~UD~m1~~cJ,)uL~t.I~U1J1J"'N(itl~,)Lilum1~~cJ')u~i:i 
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fl'lmfllLUlJ~(:m~'N (Airbome sound) (Doelle, Leslie L. Environmental Acoustics. (New York: 

McGraw-Hili , 1972) p,144-146.) 

$ 

- - -

" 
-:;, 

] ~" ~ . 
i I 

" • -- ...... s ~ -- (- J . I .... 

• • ~ I 
- - -~ 

I -'1 
A = Direct transmISSIOn , B ~ Indirec t transmission 

pJ~ 2.17 Ufl'M011ri_lc.hlJL~m UlJlJfJlN LL~::LLlJlJY11_l~~l_J 

~l_J1 : Moore, John Edwin, Design for Good Acoustics and Noise Control 

(London: the Macmillan Press, 1978:65) 

2.16 fi1n1'l!CUL;!ln1H,uhUL;!I~ (Sound transmission loss, TL) 

"'1~'l1l_JLUlJtllJ'lWllJL~U_l'!Jfl_ltfilNfl1-N~t)~LUlJml_J1ru LWntJ1 "'1m1~CYL~unI1ri_l~1lJL~U_l 

(Sound transmission loss, TL) ~_l1-ll_J1uii_l ~1lJ'llJL~~LlJ~ '!J~_l'rift_l_lllJL~U_l~~CYL~uhJuj~ilm1ri_l~llJ 

tPlNfl1-1_l m1~1lJ'lru"'1m1~CYL~u011ri_l~1lJL~U_l~LUlJl_JlfJl1l1Wll~_l The American Society for Testing 

and Material (ASTM) E90-70T "I1n "Laboratory Measurement of Airbome Sound Transmission Loss 

of Building Partitions" U~:: ISO Recommendation R140, "Field and Laboratory Measurement of 

Airbome and Impact Sound Transmission" 1960 il~_l~ (Egan, M. David, Concepts in Architectural 

Acoustics (New York: McGraw-Hili, 1972), p.68) 

TL = 10 log (W1IW2) = 10 log 1/A.----------------- (6) 

... 
Ll-J~ TL = "'1m1~CY L~um1ri_l~1lJL~U_l'!J~_l tl'lNfl1-N (~nr_l, ~lJ, ~1 L'ri ~llJ) dB 

W1 = n1ft_lL~U_l~(J)nm::Y1lJ~,r_l, watt 

W2 = n1ft_l L~U_l~ri_l ~1lJ~,r_l, watt 

A = t{l_Jth::~Y1i"fohl'l'l1l_JLulJtllJ'llJLtl~u'!J~_lt)flC1J~1cJ;'''I1n~~-lY1'''~~-l 

A = 1/antilog10 (TU10) 

m1ri_l ~1lJ'!J~_l L~U_l L;11 LlJfl'l Pl11 tu 011~lJfl:: L Yit)lJ'!J~_l tl'l Nfl1-W~::~ Ci11cJ;' {h L-nL1'l Nfl1-1_lYiill'l'l1l_J 

1-llJ1 utllJ~_l L~miIL~L~U_lfl::Vit)lJ~t)n ')lm1~C1J L~U011ri_l ~llJ'!J~_l tl'lNfl1-N LL1.h(J)1l_Jfil')1l_J~'!J~_l~,r_l 



33 

2.14.1 'Il,)"f'I,)1~~~1 fi1n1~CYL~!..In11~"~.hl.lLf'lN~11";l.Itl~nUI'I,)1~Ll;" (Stiffness) 

'!Itl,,'lfIN~11" "'~1!..1f'1,)1~(:h 1l.1'1l,)"f'I,)1~~~1LI'IN~11"tl1f'11nh;""':::Vi11~fihn11~t1JL~tln11 

f'I"t.i1l.1~"hJ Ll(;jlhL~m~!if'l,)1~~LYhnul'I,)1~~fin~'I!1ji'!ltl"~U"L~!..I""':::f'I,,t.i1l.1hJl~~1n Lffin~1 

tJ11n!ln11nr1L"!ILll.ll.l~ (resonant) 

2.14.2 'Il,)"f'I,)1~~tJ1l.1mn" "hn11fjt1JL~tJn11~"t.i1l.1LI'IN~h""':::tJnl'l,)Ufl~~,)!..In!l'!ltl" 

~')~ (Mass law) 'lfIN~h"tl1f'11~!i~')~",un",:::1~tJ1:::LtI'I!l.Ill.1n1rlltl"nl.lL~!..I"iiin~1~,)~LU1 "'1n 

~1"'Un'lltl"Lf'lN~h""'ffif'l,)1~~L~~;l.ILtll.l~fl"LYhP11n11fjt1JL~tln11f'1"t.i1l.1'!1tl"'lfIN~h""':::L~~;l.I 

6 L(;l:nLU~ ~~n11f1l1~n!l'!ltl"~,)fl fitl 

TL 

TL 
.. 

TL L~tl 

F 

= 

= 

= 

20 log M + 20 log f - 45 (M Wl~(;jtl~l.I~ kg/m2) ----------- (7) 

20 log M + 12 log f - 29 (M ~')~~tl~l.I~ Ib/ft2) --------------------- (8) 

, ~ "" ~ " ., "" !1 f'l1n11~t1JL~tln11n"~1l.1'!1tl" ~f'lN~11" (~l.I" , Yll.l,~.I1LYHi\1l.1) dB 

f'I')1~~'Iltl"L~tI", Hz 

~1"'fuL~tI"~f1lnn1:::vlULtll.l).j~~l1nnU~u" Ll~:::L~m~f1lnn1:::YlU~U"LlUUn1:::_rIi\n1:::"'1!..1 

TL "':::~1n~1tJn~ 5 L(;l:nLU~ 

"'1n ~~n11Yl(;l~tl" ~')tln11~1l.1')ruYl1" LnJ11'1 rutJl~1"'fu'll')"f'I')1~~ (125-200Hz) P11n11 

fjt1JL~tln11f'1"t.i1l.1L~tI"~1~11t1~1l.1')rul~"'1n~~n11 

TL = , "" ..J ) 14.5 log M + 14.5 log f - 26 (M ~,)~f1ltlYll.lYl kg/m2) ---- (9 

TL = , ""..J) ( ) 14.5 log M + 14.5 log f-16 (M ~,)~f1ltlYll.lYllb/ft2 ---------- 10 

2.14.3 'Il,)"f'I,)1~~fj" P11n11~t1JL~tln11f'1"t.i1l.1Lf'lN~h""':::~(;l~,, L~tl""'1n~~'tItl"n1~tl" 

f1lNnl.l (Coincidence) L(;lm~Yl1:::~f'I,)1~Mn~f1l (Critical frequency, fc) LrltlL~tI"~nn1:::YlU~U"~ 

fiitll.lif1" LU1 Ll~:::!i LlIi\~D" ~1"':::Vi11~~u"Jl.Iil.l~:::L~tll.l Ll~:::Vi11~ L~mf'l"t.i1l.11~~1n;l.I 
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r::,~ _ ~8CUw~ 

ll~WJn 2.3 I'hm1~t1JL~tlm1~~~It.lL~tI.:!'11fl~LflN~h-1llthj;]llJfl'lllJ~ 

~lJl: Miller, Richard K. and Montone, Wayne v, Handbook Acoustical Enclosures and Barriers 

(The United States of America: The Fairmont Press, 1978:46) 

~,~fu'LflNk'l1t.:!~k'llJ (Composite Construction) ~~.ntln~ LflNk'l11.:!flIfll1Yiiifl.:!fllJ1::nflU L'IIt.l 

lJ1::~ , ~Ul ~1~~ffi'llfl~ LL~~ '1ft'1 "'lm1~t1J L~tlm~~~It.lL~tI~'11fl~ LflNk'l1t.:! ~k'llJ;:jk'llJ m1~~d 

TL = 10 log LsiL AS (M. David, 1972:184) ------ (11) 

S1 ,S2,S3, ........ ... . ,Sn = 
~ ~ I ~ _ ~ 

Yit.lYl1Jfl~ ll~ft::Yit.l~'l1Jfl~~fl.:!, FF ,m2 
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1..1,1.2, /..3, ... ....... . , A.n = ilJl.h::~Y1f FiI fl'lllJ Lilt.l~t.l'lt.l'11fl~1'k'l t'l ~ ft::~t.lEh 

2.17 i''Um'!'YLiam,tI.uh'ULih.l.:l (Sound Transmission Class, STC) 

m1£3t1J L~tlm1~.:!eJlt.lL~tI~ It.l,x'l;Jfl 2.14 Lilt.lm1ril~t.l~m1~~eJlt.lL~tI~ It.lLL~ft::~'lllJ~ 

1Jfl~t)k'lIl)~Y1~k'lflU ~~UI~1' k'lll)ii fl'lllJ~llJI1t11 t.lm rllfl.:! nt.lL~tI.:!~~.:! eJlt.llt.lI'l'lllJ ~~ ~n 1Ji1~ nt.l m~1 

I'll L ~~tl1"llJ1Jfl.:! m1~.:! eJlt.lL~tI.:! 1 t.lll~ft:: fl'lllJ ~1 t.lUl.:! 1'1 f~":: 1!1i' 1'11~ fl ft l ~ Lfl ~flt.l"'n I'll L ~~tI~~ ~~,jt.l~~ 1!1i'ii 

m1ril~t.l~ I'll mrl ~ Fi,m 1~~eJlt.lL~tI~ 1 ru!1i' I'iI~lnt\' L~tI.:!" 1~~k'lllJl m.11lJ11 ;J~1t.l1!1i' LU.lt.lih nt)1 1'11,jt.l~fll'il 

Sound Transmission Class (STC) L(;ltlfil STC Lilt.lmrulI'11m1~t1JL~tI~m1~~eJlt.lL~tI~ TL lJ1YiflfllJlft~1t.l 

nl1~l'Iflt.li'lnfl~ STC ~~ll~WJn 2.3 

LUffiULVluu1::~t)I~1'~'l A ~~;:jI'iIL~~tI TL=40dB ~~Ufltlnt)II'iIL~~tl1Jfl~1'~~ B ~~;:j 

I'ilL~~tI TL=41dB ll~"'nLL~WJn~ 2.3 "t::L~t.l1!1i't)ll'ilm1~t1JL~tI~.:!eJlt.lL~tI~1Jfl~1'~t'l B ~fl'lllJ~lh::lJlru 

1,000 Hziil'ilUtltllJ1n1 ~lm111'iIL~~tI TL=41dB '11tl~1'~"l B hJtltlnLLUU ntll""::Ln~Ut1J~If11t1~~.:! ll~ 



35 

LiiflU'n.n't't~fl'l~.:Jnr1Yfluu.~WJij~ 2.3 u.~') "'IL'tl~tJSTC 'IIfl.:Jt)~~ A ~:::ijflil STC=42 It.l''llru::~t)~~ B ~:::ij 

flilL'tl~tJ STC=33 Ll'h~U c;i.:J~t.llt.lmrulflilm~'lIL~tJm1i\.:JcJlt.lL~tJ.:J1tl1~t.lm1~1t.l')0J ~ffiflflnu.UtJ ~.:J 
ijtJ).Jli~1 STC ).Jlnnr)1 

;~ 

It~ 
110 

~, 

,,~ 

• 11 

: ~O 
~ 

.. 
: '0 
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..,j 

Construction Average Tl I dB , STC 

A 40 4 ~ 

B 4 1 ~~ 
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l'l).Jl: M.David Egan, Architectura l Acoustics, (McGraw-Hili , Inc., 1988:199) 

iUm1~'lIL~tJm1i\.:JcJ1UL~tJ.:JLilufih~u.~IMmWfl).Jl~L~tJ.:J~1t.l1~"IIfl.:J1::;UtJLtJfttlnfllfi111 
'Ilijc;t ~1.:J m1~ n'tn I'l f.:J~~:::Yi"11OJ11:::tJtJ L tJftfl nflll'l11L 'tl't'tl::: 1 Ui\,)U"IIfl.:J ~,r.:J1::;UtJ L tJftfl nfll flTll Ui\')t.l"llfl.:J 

" 
2.15.1 ~,r.:J~tJiUL~tJ') (Single Homogeneous Wall) L'Ilt.l ~,r.:JUJ, ~,r.:Jritlti3, ~,r.:J 

fi1tlUn1'ltJ~tln '1~'1 it.lm1~'lIL~tJm1i\.:JcJlt.lL~tJ.:J (STC) '!ltl.:J~,r.:J~Uit.lL~tJ')~::;~w1U).J,)~flI~ijfihii.:J 70 

~lu,)OJ~1fl~lmXtl.:Jl'l~~tl.:J"IItl.:J Ceder Knolls, Geiger and Hamme, Riverbank, etc ~ln~,r.:J~tlt11.:Jti.:J"IItl.:J 

Egan, M. David 
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2.15.2 ~.J\r~~fl~.ff'U;:j'llfl~~1~fl1n1Pl (Cavity Wall) Ldfll~lh:::LU1!U'"l1n'J':::uutJ~~ViuLl~')1~ 

;:jn11~mn~·a:::uu tJ~~~;:j'llfl~~1~fl1m f'I L 'lIu n'J':::'"In~fl~.ff'u tJ~~rifltil~fl~.ff'U tJ~~tiui"n"'ffi Wi (;1~fl~.ff'U~ 

lh:::nflu~,)uLrlN~h~'hl-L~ftn 'llfl~~1~mn1Plmulu;:jrlrulh:::LU1!u1um1(;1(;1;UL~U~ L(;1UL~u~rumu~ , . 
n'J':::Y1unu~utj') tJ~~'"I:::~:::Yfflun~uhh.nmulu'llfl~~1~fl1mf'lYhl~rl,)1).JLf).JL~u~~~~~1utJ~~,xUft(;1ft~ 

L(;1ui')hJtJ~~~;:j'llfl~~1~fl1mf'l'"l:::vi11mI'1N~h~fl11'111~1l.J11C'lnuL~u~L~).J~u~n 3-6 L(;1;LUft (Stein, 8 ; 

and Reynolds, J.S, 1992: 1387) 

2.15.3 tJ~~tJ~).J (Composite Wall) ~).J1U~~ tJ~~ ~u ~1LYi(;11U ~;:jfl~f'hh:::nflULilu1'~CiJ 

f'lfl~1!il(;1~uhJ c.J~~tJ~).J~h~~')m~~tJftYl1~~1um11;r~1u L'IlU mn:::U1ummf'l m1~ij') Ll~~~~1~ "1ft"1 

L(;1ui') lu'i:rlN~h~tJ~).J'"I:::lh:::nflu~,)u lh:::~ ~lJ1C*i1~ Uft:::'lIfl~Llf'l~ phm1~qjL~Un11~~~1UL~U~1')).J'!lfl~ 

tJ~~~1u')rul~'11nf'i1~).Ju1:::aYlif'i11'1,)1).JLilu~u,)uL~~U'!lfl~tJ~~ (Sound Transmission Coefficient, 0) 

tJ~~tJ~).JLilu~1L~~vi11~Pjru~).Ju"iirl,)1).JLilu~u')unuL~m'!lfl~tJ~~ft(;1ft~LS1flLYiuunutJ~~Viu 

2.15.4 tJ~~n'J'ru~LiJ(;1'l1fl~LiJ(;1 L'lIU LiJ(;1U1:::~ ~lJ1lJh~ ~1fl'llfl~Ll~~ L~flmn:::U1Ufl1mPl 
, • .l" . 

~ffiL~flroUf'l~~~1~ ~~Lilu~1m~1~L~u~rumu'"l1nmuuflnLf1~mulu~fl~u1:::'ll).J t'f1~1nYiuYi'llfl~LiJ(;1ti~ 

l.J1 nvi11 ~,.h rl,)1).J Lilu~u,)U~UL~U~'!lfl~ 1:::UU LU~fl nm rl11ft (;1ft~ 

m1~~).J'IIfl~L~U~ (Sound Leaks) '11n'J':::UUtJ~~ Lilu~,)LlU~~~~;:jtiYlfiYiftlJiflmrllfl~nuL~u~ 

rumu ·nnf'lmYiU')(;1~fllJmUUfln~fl~U1:::'Il).J L~fl~fiii1nL~mmuuflnl~~:n).JL'1mulu~fl~u1:::'ll).Jvi11~ 

1:::~uL~u~mulu~fl~L~).J~u m1~1~ft'!lfl~L~u~'"I:::Ln(;1~uLVlu~LllJitJ~~;:jffiuulJlnh,)~u1:::).J1ru 1/32" L'lIU 

1flulJifl1~~1~')~nunUU1:::~ ~1fl~lJ1lJh~nutJ~~ (Miller and Montone, 1978: 55) Ufln'"l1n~ m1~:n).J'!lfl~ 

L~U~~.huffiuC*ifl1~~1~LrlN~h~fl1rl11 L'lIU 1:::~~1~c.J~~nu~u tJ~~nU~1LYi~1U L(;1m~Yi1:::c.J~~~;:j).J')ftlJflU 

n1~:n).J'!Jfl~ L~u~fiii:::Ln(;11~).J1nn~1tJ~~~;:j).J')ft).J1n ~~,xu rl,)1;:jm1'!J£J1U, (;1 ~fllJh~1 Uft:::~1ijfiilfl~num1 

~~).J'!ltNL~U~~')u1'~"l~U1:::tJn!Jl'l1n~u')u 

2.18 f::t1tJfnr·n.Jf::\ni"Y4i'~~1u,j'l"a"Li!l~nm'lu 

mffiflnLlUUtJ~~1:::uu~u')unUI'l,)1).JffiW11uufln (~UYl1 1.lqjqj1fim1 f'I .(;11. LYlrlill'1m1flflnUUU 

U1UU1~U(;1Yi~~~1UL~fl"lru111Yi<ntSIJl~~n~1, 2542: 159) Lilum1flfln LlUUtJ~~1:::UUU1:::~U~Yi~~~1Uft(;1 

n11Cl1U LYlrl,)1).Jffiu'l1nmuufln~mu1ul~~ '"I:::,huvi11~ft(;1m1 HYi~~~1ulufl11'111 ~1fl1u~flU1:::'Il).J 

nf'l1,)~fl Yi~~~1um;r).J1n~t1~lu~flu1:::'ll).J~fl1:::uuurommPl Llft:::L~u~rumu~).J1n~~(;11u~fl~u1:::'ll).Jn 

Ln(;1'"11n1:::uuurotl1mf'lL'lIunu L(;1m:::uutJ~~ EIFS 3" '1:::~1).J11C'lft(;1m1H1:::uuurommf'lft~n~ 5-8 LVi') 

vi11~L~u~rumu~Ln(;1'nm:::uuuromn1f'1ft(;1ft~lM~ 12 - 15 d8A ~~"I:::vi11~m1rl'lul')).JL~u~H1~1Jl1).J 

Lil1~).J1lJ NC ~1~ro~fl~U1:::').J1Jl1).J1Jl111~ 2.4 ,xu ~1).J11C'lvi11~~1lJ~u).J1n 
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2.19.1 f1111a.J\Un!lLL.::fII11'n(,.r'llllil~n1oM" 

,nlJ'lroi U LtllJ-l1lJ~ rJftl-ltl1 "E1;rtl~~ f'YltJ ~1tJ ntJ LL Wl "',)1~;; (;I LlJmnroiEl iWJltllJ~1 R CkJ'IItl-lm N'lroiEl~-l 

tl~~m7L ~tl~ 1tJ-l;ttl~~ntJ LLlJ,) "',)1~;; (;1m ;t~1'l4'tJ L;t1 ~'l tJ nlJ ilJl1ltllJ,rlJi'itl n 1nl1t".ffi m1ntJn~;ttl~~ 

(~CkJfin~ n~m(;l1tJ~Ylt, 2535: 18) 

mn(;l"'ffimmtJn~;rtl~~LtllJn1~tJ'llJm~LU~E1lJLLlJ'lf'l,)1~Pil1t ~1tl~,)LLu~rJftl-lm7~nM1l1l1~~ 

1~~WllJLLlJ'lf'l'l1~~l1t1~LtllJ;ttl~~ 1l1ttJYi'')1u~n,\~~1E1ti-lm1ri1~lJl1tf'i1LtllJ~CkJ~mHU~ffii'lL~'111~ntJ~-l~ 

~tl-lmnCill1l1~nDLnru"tlth-l1l1ttlth-l~~-l~-lLtllJ~tJtl~fuLil-lm~CJ~1~ ~CkJ~m;·nr~ffillT'lL~'II~ri1~lJCil1~,rlJ 

~~ii"ru~~~U7~41 3 u7~m7LYltJ-ltlth-l1l1ttlti1-l~~-3~ffi~~1E1tlth~Yl~tl~1 nw;1~ 1~LLri "ru~~~'IItl-l 

f'l,)1~L~~tllJnlJ "ru~~tJ'i'lltl-lm7~m£h;i'tJ ~~"ru~~tJ1i'lltl~f'l,)1~LtllJtJ'ln 

2.19.2 r.:.i'\.Jn1,-r", (Level of Measurement) 

L~tl~~1n;rtl~~LtllJ~CkJ~m;·nr~1tl~'lL~'IJ~tJtln~nM'ru~ tl1m7 ~1tlm~1ru'IJtl-l~'lLLu~rJftl-lm1 

~nM1 ~1~17Cl~"I~1~CJ~~tJ1tJ~~LiitJCilLL(;fn'h~nl.l ~~~l.Itl~ntJLl'litJ~iitlm;tLL~~~nM'ru~'IItl~IIT'lLLU7 Ll'litJ~~tl 

mnl1ttl1" 1~\tll.ILnru'V11l.1m1LLU~1~~tJ1~LtllJ 4 1~~tJ 1~ LLri 

1. mn(;l7~~tJLLU-lnfl~ (Nominal Measurement) , 

Ltll.ImnCilIlT'lLLU1LLtJtJ~1U1 LYlU~LLU~i'lLLU7Ltll.In~~ ~1tlLLU~LtllJU1~L1lYlLv11,rlJ t'h~t.hu'lLR11~~ 

1l1tiif'Jru~~tJ1iL~iitllJnw;roil1t1.nlJn~~L~mnlJ~ffiu~L1lYlL~mnlJ t'h"ru~~~LLlJlnPi1-lnlJn4'(;IHRlJ~~n~~ 

L'1llJ LYlf'lLtllJ,r,)LLU~LLU-lLtllJ 2 n~~ ~tl 'IJ1untJ~cY-3 ~1l.1tl~L~mnlJ~m'Wl1Yl~~1~LLU~Ltll.I1~Cil LLPi~~1l.1 

~~1U ~ti1 

mnl1t1~~tJt1iiR'l1~~1Rn l~rJftl-3m1LLU-3nfl~ ~1tlLLU-lU7~Lf1Yl tlti1-l1!tlEl"~~tl~LLU~Ltll.I 2 nfl~ ."', , 

~1tl"~LLU-lLtll.I~~1E1n~~m~ ~n~~~LLU-l,rlJ'\~rJftl-lLLElnnlJtlti1~Lc1il1t'IJ1CilLL~~"~f'l~tltJf'I~~;ttl~~~-l~~l1t~ii 

nfl1'l~tl ;rtl~~ LLPi~~IIT'l'\~rJftl~roi Cil L;t11utlfJllJn~~ 1Ciln~~~~~ LL~~'\~rJftl-lroil1t 1~ LYlEl-ln~~ L~m L v11,rl.l '\~roil1t 1~ 

tl~1~Yl1tl~nlJ'lJtl~n~~'W1~ 

mnCil1~~tJLLu~n~~i:l"ru~~tJ1i~~1RCkJ ""~t1 

~~1iin 1l.1n~~L~EI'lnl.lii f'l'l1~ L v11 L YiEl~nl.l i:l"lru~~tJ'i LL~~,.h L~~tllJnl.l 

IIT'lL~'IJ~1tl~CkJ~nM'nr~ri1~l.ICilLtllJn~~~~nM'~LYlEl-ltJtln~tlLv11,rl.l hji:lf'l'l1~~~1E1Lii~ 

m~1ru ~-l,j11utJ'ln ~tJ ~ru ~11 nlJ'W1~ 
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1Ji') Li'l't1'"1fl~CkJ~m~tnr~n1~lJPl1~ LLYllJn~).J 1~ LLfh'l:;~fl-l LLYllJn~).JJ'I.I~i'lflPl hJ '"I:;Lfl~ LLYllJn~).J 

~lJ ~1flUr.;LflYl~lJ'WL~ 

ij~N~).Ju~d~lJ;rfll;ji'lL~-l"lCWl1-r. LLi'l:;djlJ;rfll;ji'l'W~flLiifl-l (discrete data) 

2. mrl~,.:;~utTlJ~U (Ordinal Measurement) 

LUlJmrlCi'l~ LLU-l LL£Jn LUlJn~).J LUlJUr.;LflYl LL~,) LLIJli'l:;n~).J~ LLU-l'"l:;~fl-lij ",)1).JL~£J');rfl-lnlJ~,)£J LCi'I£Jij 

",)1).J L~£J');rfl-l nlJLLi'l:;"l:;lfffl-3~1).J1"ClUfl n Lm;-l":;~U ",)1).J L~£J');rfl-3t)1 n~).J ~).J1 n nt)1 n~).J 1~ L 'IllJ LLU-3'111£J , , 

flflmU'I.I'II1£J~,)'I.InU'II1£JCJfl).J LLU-3'1l'nL1£JlJflflmUlJ'Il'nL1£JlJLri-3).J1n U1lJni'l1-lLLi'l:;f)fllJ mrl~1lJ~nM"ru...~ij 

~nM"ru:;L~ijfllJnumnJ,.:;LijlJI'i1 L'IllJ U,.:;LiilJLUlJ~-l U1lJn~1-3 ~1 L~lJ~,)£Jfl£h-l~-3 L~lJ~,)£J 'WLLu1"l 'Wd~lJ . 
~,)£J 'W L~lJ~,)£Jfl£h-l~-3 LUlJlfflJ n~).J~ LLU-l L ~~1;1LYl£J-3Ufln 1~t)1 n~).J 1~).J1nnt)1~1fl,Jfl£Jnt)1n~).J t~LYhJlJ 

'W~1).J1"ClUfln 'LKt)1).J1n nt)1nlJ ~1fl,Jfl£Jnt)1nlJLYh 1,-

mrl Ci'lr.;~utTlJ~uij ~N~).Ju~~n1 ~ CkJ ~-l;1 

m14'~n~).J~1fl{Ci'lU":;LflYlL~flLffi-3tT'I.I~U'"I:;~fl-3t;rLnN'V11Ci'1LnN-n~ii-3LUlJ~~n "l:;1;r~~1£J 

LnN-n-r.1fl).J1 nlJ'Wl~ 

LLIJI~:;n~).J~ LLU-3 t;r LlJ1£JU L Yi£JunlJ ~ LL~ LU1£JU L Yi£JU nlJ L~ L ~-r.1:;t)1 nq).J t~).J1 n~1fl,Jfl£Jnt)1 

n~).Jt~LYi1JlJ 'W~1).J1"ClUfln'l1).J1nnt)1~1fl,Jfl£Jnt)1n'l.lLYi1h 

;rfll;!~~.yCi'l~~1).J1,.m11Lu u')n ~U ~N ~1,.nlJL~ 

;rfll;!i'l~.y~ L~fl1'"1LUlJ;rfll;j~~~fl Liifl-l LL~:;;rfll;j~~'W ~fl L iifl-l LCi'I£JUn ~ {l1~1 LU ~1lJ,)NYl1-l~n~ 

~ n"l:;~).J).J ;it) 1 LUlJ;rfll;ji'llJlfl L iifl-l 

3. mrlCi'l,.:;~u'Il,)-3 (Interval Measurement) 

mrlCi'l1:;~u;1ij"N~).J~'Ilfl-3mrlCi'l,.:;~utTlJ~Uflt.J1-ll'1ru{l,)lJLL~:;L~).Jf'lN~).Ju~~n~ii~flt.J1-3 ~t:l , , 

w1~:;n~).J~ LLu~JlJijf'l,)1).Jlh-3 LYi1nlJ~1).J1"ClUfln 1~t)1 ).J1nnt)1~1fl,Jfl£Jnt)1LYi11Ci'1 L'IllJ mrl~~NWJi1 11 

-r. .f'I. ~1t:l1l 1'1.1'1 . mrl~,.:;~U;1'1l1Ci'1'~Li).J~lJ~~CkJLL-X (Absolute) L'lilJ .y~~N~JJi1L11'WYl11Ut)1~N~JJi1 0 

~).J~NL~lJ ~-3n1~lJCi'lt)1 0 t:l~1'I1L'II~L;£J~LUlJLYl£J~~t1!~).J).J~LYi1JlJ 

mrlr;!,.:;~u'Il,)-3ijf'JN~).Ju~~n1~CkJ ~-3;1 

n~).J~1flU":;LI1Yl~LLU-3JlJ"l:;lh~nlJLUlJ'Il')~1 LL~:;LL~~:;'Il,)~"l:;ij'hl'1,)1).Jli1-3LYi1nlJ '"I~~).J~lJ , , 

'Ilt:l~~~~.yCi'lJlJ'Wij'r;!~).JlfflJ~LUlJi3t1!LL-X ~L~lJLUlJi3t1!JlJLUlJLYl£J~i3t1!~~).J).J~~lJL~t:l 

LUffiU LYi£JU LvhJlJ 



tl1~ri'".n.l"'~'lL~~UVltJn~)'!Yl;'fl~,:j~.)"'1~ U~::"'l1),!U~n~1,:j1::Wl1,:j~'lL~~/;j::UVltJPI'l1)'! 

U~n~l,:j'fl,:jn~)'!Ylffi~~~.)", 1~,rtJ 

'Ij"''!Ifl,:j~'lL~'!I ulJi~::'Ij"'~1)'!11ml1 hJ LmmJL YltlUnu'lj "''!Ifl,:j~'lL~'!I'ljC'l~tJ1~ 'lC'ltltl1 ~tI 

f1'll).!~).!~tJfiuUULt\'tJiJlN (LYltluuryry"ii11Jl1t11,:jl'f) 1::W)1~'ljC'l'fl~~'lL~'!I~,:j~fl,:j,rtJ 

'fl~~~1~ilftm~tru::L;,:jm)'!lru~1)'!11ml1hJ U'ln ~U fjru Yl11ntJ1~ 

4. n111C'11::~utllJlnri'ltJ (Ratio Measurement) 
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n111"'1::~U~LUtJn111"'L;-lmmruflU1,:juYf~1,:j u~~::n~).!il'!!'l,:j~l,:jLYhntJ L'!!tJ ~lYl,rn ri'ltJ~-l 

f1'll).!tI1'l LUtJi1ftJ n111"'1::~U~LUtJn111",~1'Vl1,:j~~n6i'l 1tl,rtJLfl-l ~ru1l).!u"ii'llfl,:jn111"'1::~UIJi1,:j1 ~nft1'l 

)'!lU~'l,rtJ~::L~tJ11 n111"'1::~uUU,:jn~)'!LUtJ1::~U~lqC'l n111C'11::~UtltJ~U~-l;tJ'lC'ltll'l).!"lru~)'!~'!Ifl,:jn11 

.) '" 1::~U UU-lnft).! L'l H~'ltl u~::n111 "'1::~UtllJlnri'ltJLUtJn111 "'1::~u«O-l~ C'I~::1'l)'! PI ru~)'!~'!Ifl-l n111 ",VI n 
~ ~ "" .'" 

1::~U L;J1 H~'ltlntJ "'lnYlftnn1~n111C'11::~u~~-ln11~1)'!11C1 Ltl~tltJLUtJ1::~U~~1n11 U' U~1::~u~~1n11 

~::Ltl~tltJLUtJ1::~u~~,:jn11 hJ1~ .. 



.. 
1JYIYI 3 

'"I1nYl~MDUi'l~U\.I'lf'l'l1~~{i\l\.1mnJ1:Li1\.1i1'"1(tJ~ij~fliJI~"ltw11'YiL~tJ~~~,nh~'!l~ ~~ m'lih({i\ 

L~tJ~'11Jm\.l~bJtIf~~m~~n1tJ (Noise Control) UfI~"'ltJ"l~L~tJ~mtJl\.1~tIf~~m'1 (Room Acoustics) l~dl{i\ 

tl1:~Ylfim'Yi ~~~ 0\ l\.1m'll ;~tl~tl'1~'~ L{i\tJ ~~tltJ1\.1~tl~tl'l~'!l~~1~1'1t11~\.IL~tJ~~£h~i{i\ L '"1\.1'"11 n'Yift~~1\.1 

1l'1nJ'lI1~'!Itl~~~MtJ ",ffi~~{i\ L"'tJbJtIf~~l;'l~tJtJL~tJ-l (Sound System) l\.1m'l1;-l1\.1 

L~!J-l'11Jm'U (Noise) \"1tlL~tJ-l~~1l~Ln{i\f'l'l1~hf'l1cydj\.l~fI,jtl~~1fi'!ltl-l~~-l LIIlm~~tJ~~1l~Lnlll 

m'l'11J m\.l;\.Itl~ntJm'll ;~1\.1l \.IU,jfl~tl'l:: UlYl 1fii1tl~n\.lL~ tJ~'11J m\.lL~~'"I1n m 'l~nM1 U ",f'i-l';1 L il{i\ L~tH UfI~ 

'l~~tJ'!Itl~ L~tJ-l'11Jm\.l~Ln{i\;\.I ttl utJtJm~-ltJ1\.1'!1tl~ L~tJ~ L;r1l\.1~tl~tl'1~~ L~tJ~~ Lnlll"l1nM1'Yi U'l IIl~~~ 

mtJ\.Itln~tl~tl'1~'!l~ L"Jl\.l L~tJ-l"l1nm'1"l'11'"1'1 L~tJ~~\.I~n LiI\.IIf\.l L~tJ-l'11Jm\.l~Ln{i\mtJl\.1tl1f'11'1 1"'uri L~tJ-l 

'"I1n'1~tJtJtlrutl1ml'! UfI~L~tJ-l'"l1nn~~"\.I 

u"'f'i-lri1LillllL~tJ~",ffi~~ft UfI~1:tJ~\.h~'!Itl-l~ru~~ ~~,r\.l m'l~h~tl'1~~Ylfim'Yil\.1m'lru~~mtJl\.1 ~tl m~ 

~ru~-l~n~1uwJ-ll\.1~tl-ltl'1::,~mtJl\.1~~~tl'l::,~~n'IIl1~\.I~tJ-l"l1n~~{i\1"'tlth~i{i\L'"I\.I m'1f'1'ltJ"l~L~tJ-l 

mtJl\.1~tl~tl1:,~ij"'l1~~~~\.I{ntJ'!I\.I1{i\UfI~ttlYlN'!Itl~~tl-l ,hm'1~~Vltl\.lL~tJ~ m'1n'1~'"I1tJL~tJ~ ufI::m'1 

~ ~ .t - 1" ~.t H ~ J! 1 " .... I~ J! ~ .:; ~o\'lItJL\'ltJ-l '!Itl~'Yi\.l~'lmtJ \.I"'tl-l (~\.I-l 'Yi\.l ~1L'Yi"'1\.1) UfI~ L\'ltJ-lrltl~ mtJ \.I"'tl~ ~1m'1()~~u ~i'1{i\~\.1 

Acoustics Quality 
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l'1.1mffiflnu1J1J~fl'lU'1~~l~ij~ruJlll1LntJ'l~~t!'I.I m~~fl~ur.;'Il~ij~ntJml11'1.1nln'lfl'lrl'l.lLntJ'l 

'11Jm'l.l~ln~ml1 U'l~~fl~mtJ'I.Ifln d]'I.Ifl'l'l.l\4~'l~~I~ cy~Yil1~~fl'lth~'Il~ij ~ruJlll1 LntJ'l~~'l~ nftl'l ~fl ~fl'l 

U'1~'Il~~ijr.;~1JLntJ~~d]'I.Iu1Jf'ln'11'l~fl1Jl'1.1't1fl1JL'tIlJ1r.;~1J'!lfl'lLnnJ'VlLntJ'l (Noise Criteria) ~tJfl~fu'l~t!'I.I 

f'I'll~ LiI'I.Itl'l.l'l'l.lrl'l.lLntJ'l'tlfl'I r.;1J1J LU~fl nfl11'11'1ijfl'l'l.l~1 '" cy 1 'I.Imffi (il '1~~1J L~tJ'lrifl'l.lfl~ c.ll'1.1L ~lm 1 'I.I~fl'l 

U'1~'Il~ m1flfln U1J1J'1~1J1JLU~flnfl11'11'1L~flilfl'ln'l.lL~tJ'l'11Jm'l.lf'l'lrii~11nJltmn1Jn~~ l'l'lUU'1tJil'l 1 1~ uri 

'1~~1J LntJ'l U1J Fln'lI'l ~~~fl'lm'1 i'l.l~CY LntJm'1fl'lc.ll'1.1LntJ'l (STC) ~~1~ (il'llfl'lfl'l ")U'1~nfl1J'Ilfl'l ~,r'l (U'1~~ 

\4Ul ~1'l\4ffi'fl'l U~'l) 

~1\4fuf'hm'1~CYL~tJmffi'lc.ll'1.1LntJ'l (Sound transmission loss, TL) 'Ilfl'l'1~1J1JLU~flnfl1F11'11'1.1 

fl'l'l.l'llfl'l~,r'l~~~ (Composite Wall) ~~m~t1tJ~rl'l.l'1~w:h'lph~CYL~tJm'1fl'lc.ll'1.1L~tJ'l'llfl'l~,r'l f'il~CY~tJm'1 

fl'lc.ll'1.1LntJ'l'llfl'lfl'lI'fU'1~nfl1J (U'1~~ \4Ul~I'l\4ffi'fl'l U~'l) Ufl~~(ilfl'l'l.l'llfl'lfl'l")U'1~nfl1J ~'l LU'I.ILnnJ'Vl 

~11J1'131'1.1'1lfl'l Southern Building Code Congress International, SBCCI ~Hl'1.1mffiflnu1J1J~,r'l~~~ ij 

1J11'11'l~ 3.1 U~!fI'lf'h~CYL~tJmffi'lc.ll'1.1L~tJ'l~I~(il (TLmin) 'Ilfl'l~,r'l~~~ 

."tI'lU'l'il~ r.:"\JLi!l~~'.";:.".~ TLmin 'I'8~r.nr~,..;'il TLmin 'I'8~'il~~t1r.:n'8tJ • 
'il~~t1r.:n'8tJ (%) (L".LtJ.) 

..... 
(L".LtJ.) ,...~Pl1 

(L".LtJ.) 

25 39 28 

1 - 25 30 45 37 

35 50 42 

25 45 37 

26 - 70 30 50 41 

35 55 45 

~~1: Cavanaugh.J Willaim and Wilkes, Architectural Acoustics Principles and Practice 

(New York: John Wiley & Sons, 1998:199) 

LVlIn1J 45 u~1'1.1mffiflnu1J1J~fl'lU1::'Il~ ~::~fl~~lil'lti~~m'l::vn~~ml1U'l!fl~fl~mtJl'1.1~fl'lth::'Il~ 

t!fltJ~'llu ~fl'lU'1~'Il~U'1:::nfl1J~'ltJU1:::~ \4Ull'll'l~fl'lf'l'l1Jf'l~ ~'l LU'I.IL\4'll~l'lll'1'll~ LU'I.Itl'l.l'l'l.lrl'l.lLntJ'l'llfl~~,r~ 
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ilfl..,nt.lL~tJ..,n.Jn'lt.l "'ln~~11ruICJt1.., CJiUJ~ln"nrN 3.1 ~lYlI1t.l'Vl1..,t.I5Uiifl11ij 1;r1'~~~ijl'il fl'lllJLilt.l~t.l'lt.l 

nt.lL~tJ..,~.., L ~fl1~~ CJt1.., CJ~lJ~ Lilt.llJI1J1131t.l1 t.lm ru £I.., nt.lL~tJ..,rumt.l 

j;j'l LLt.ll1:::UU Lt.I~flnfl1 "'11 "'lJltJ n.., fl'lt.l~lil",ul~t.Iniltl"'1l1tJ 1 t.lfll P1111~ LLri ~t.l CJt1.., "'~.., I'll ~.., 

Lilt.lfl'lt.lt.l1:::ntlU~ ~1'; '1J 1 t.lnl1iltl..,nt.l",1fl ~ 1.i11:::f1TU L~tJ"'1U n'lt.lritlt.lL;J1 n ..,1l1tJ 1 t.l,"tl..,"'1tl111 tJ 1 t.ltll "'11 

fl'lllJ~llJI1t11 t.lnl rufl.., nt.lL~tJ..,~ tl.., 1:::UU L t.I~tl ntl11'11 ~t.ltl ~nu ~ ru~ lJUii 1'1'lllJ L ilt.l~t.l'lt.l nt.lL~tJ"'1J £1..,1' ~~ 

rifl~fNm;rt·h1'~~m;rijl'il"''lllJLilt.l~t.l'lt.lnt.lL~tJ..,~.., 1:::UuLt.I~tlntllflI1nlij:::ijit.lnl1~'1JL~tJm1fl"'L~tJ"'~It.l 

lJln (Sound Transmission Class, STC) it.lm1~'1JL~tJm1fl"'~It.lL~tJ"'Lilt.l1:::f1Tum111fllJ1,"L~tH~It.ll~1Jfl'" 

1:::UULt.I~flnfl1"'11'11\l~1'i1"'1 m1~mnl'1f..,nlij:::~"I11ruI1:;uuLt.I~tlntl1f'111L~~1:;1t.lfl'lt.l~tl"'e.Jt1.., 

3.1.1.1 1:;uuLt.I~flntll"'111t.lfl'lt.l~tl"'e.Jt1"'LLU"'fltlmilt.l 4 t.I1:;LJWl ~fl 

- e.Jt1..,ViU'it.lL~m (Single Homogeneous Wall) ~ntJ1l1~1t.lmrufl..,nt.lL~tJ..,rumt.l ",ffi 

f'lru~lJUiil'ilmllJLilt.l~t.l'lt.lnt.lL~1I"'~fl"'1:;UUCJt1.., ~..,mlJlru~1f1t.lmrl~"''lllJ~llJI1t1ilfl..,nt.l 

L~tJ"'1Jfl"'1:::UUe.Jt1.., L1tJn~1 it.lm1~'1JL~tJn11fl"'~It.lL~tJ.., (Sound Transmission Class, STC) 1t.l 

n11~n1;-1,.)1 Pl'lllJ Lilt.l~t.l'lt.lnt.lL~tJ"'1Jfl"'1:;UU Lt.I~fl nfll Pl111 t.lfl'lt.l'llfl'" CJt1.., P1f..,n 1 ;r;Jfll;l~ STC 

~1",fuLI'1N~h"'fl1"'1nT'llt.1~t.Ifut.ll"'1"'~lijln,"fl"'Y1I.i1~fl"'1Jtl.., Cedar Knolls, Geiger and 

Hamme, Riverbank, etc ~1n",t1"'~flt11"'~"'1Jfl'" Egan, M. David ~1~ijn11~n1;-1HLL~'l 

- CJt1"'~fl..,i't.lij'!!fl"'11..,tl1n1f'1 (Cavity Wall) '!!tl"'11..,tlln1f'1~ile.J~,]fln11ilfl-lnt.lL~lI-l 

rumt.lf1'l1ij1:::tJ:;"h..,lJlnn11 1 '/2" mffi11'iIm1~m~tJnI1fl"'~It.lL~tJ.., (TL) LL~:::it.l~'1JL~1In11 

fl-l~It.lL~tJ"'(STC) 1'llJ1Jtl-le.Jt1-l~ij'!!fl"'11"'fl1n1I'1Iij:;(jlJlijlnn11~1t.l'lrul'il TL LL~:; STC 1t.lmcild]t.l 

CJt1-lViu LL~'l,jI")1 TL LLft:; STC ~l~u'lnnUfh TL LL~::: STC~fl"''!!fl'''11'''flln1f'1 nlmlili-lt.lIe.Jt1-l~ij 

'!!fl"'11..,tl1n11'11'"ijt.l1:::~Y1fi1l1~lJln~..,;t.l LI.iIlInl1L ~lJ~t.l'lt.lnt.lL~tJ.., Lih 1 t.l'!!fl",11-ltl1n1I'1~:;li11 '" 

e.Jt1-lijPl'l1lJ~llJI1Clnt.lL~tJ-lL~lJ~t.l~nt.l1:::lJlru 3-5 LI.iI;LU~ 1'i1 TL LL~:; STC 'lIfl-l'!!fl"'~I-lfl1n11'1 



Space 

1Yz" 

3" 

6" 

. ... ..: ... 
fil1"L"U'''Y~1n TL (dB) STC 

43 

125 Hz 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz Improve 

0 2 5 9 12 3 

2 7 10 14 15 6 

5 7 11 15 19 20 8 
i 

vh.n: Egan, M. David, Concepts in Architectural Acoustics 

(New York: McGraw-Hili, 1972:77) 

- ~U-3t.J~).J (CompoSite Wall) 1'l1fl,)1).JLth..l'ilu')unuL~U-3'!1fl-3~U-3~i1fl-3~1..h::;nfl'U L'llU 

1.h::;~ ,..ih~1-3 i1fl,)1).J~).J~ufiri'U~Ii'i'huu~::;f'i1fl,)1).JLtlU'ilU')uriUL~U-3'!ltNfl-3~1.h::;ntl'U fh~(iI~')u . 

t.JU-3~fiI~-31un1nnf'i1fl,)1).JLtlU'ilU')uriUL~U-:l'llfl-:l~U-3t.J~).J'Iltl-3,xfl-3U1::;'ll).J tfilU'O'nnU1::;LJlVl'llfl-:l 

1~1'j~1{~11-:lt.JU-:l,xtl-:lU1::;'ll).J ,ii1u')ruf'i1m1i'J'1JL~tJmffi-3~1UL~tJ-:l1U~~::;fl~UL~tJ-:l 

~n11l11'hi'J'1JL~Umffi-3~1U'!lfl-3t.JU-:l~~).J (TLc) t(iluL4).J"'1nn111'i1u')ruf'i1m1i'J'1JL~tJ 

mffi-3~1UL~U-:l'llfl-3t.JU-:l",fln (TL 1) ~-:lLtlu~U-:l~Ltlu1::;'U'UtflN~11-3'1ltl-3fl1fl11~::; 'hm1i'J'1JL~tJ 

n11ri~~1UL~tJ-:l'llfl-3fl~~U1::;ntl'U (TL2) ~~l~uri U1::;~ ,..1l1~h~ U~::;'llfl~U~-:l "1mrU"'11'l1i'J'1JL~U 

mffi~~1UL~U~'Ilfl-:l~U~t.J~).J (TLc) "1nu~WJii 3.1 

1umrut.JU-:l~~).JU1::;nfl'U~,)tJ U1::;~ ,..1l111i1-3U~::;'llfl-:lU~-:l vi1~,)U1~~U[;In~h-:lnu m1ll1 

f'i1m1i'J'1JL~tJmffi~~1UL~tJ-3'1lfl~~U~t.J~).J (TLc) 1,xLftflmfl1f'i1i'J'1JL~Umffi~~1UL~U-:l (TL2) 'Iltl-3 

fl-:l~U1::;nfl'U~i1~U~).J1n~qfil).J1Yl"'11n.n LUJim1ll1f'i1~(iI~,)U'Iltl~tl~~U1::;ntl'U'Ilfl-:l~U~LmtJ'ULYiu'U 



Percentage 01 to~1 area 

251---1--- having TL, .JC-~+-~-I-~~-r-7f<----i 

:n ie. ~ Xl00 . 100 
"I 

~ ~~--~--+---4---~~~~~~~~~~--+---4 :t 
l-

I _ 1 5~--~--+---~~~~~~~~~~--~--+---4 
...J 
I-

TL,- TL](db) 

, .. 
Yll.J1 : Stein, B. and Reynolds, J. S, Mechanical and Electrical Equipment for Buildings, 

Eight Edition (New York: John Wiley & Sons, 1992:1392) 
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~fim't~1t.l')ru~hit.lm't~ruL~tJm'tri'lcJ1t.lL~tJ'I'!lfN~,r'l~~l.J n1~1fi1,rt.lm't~ruL~tJm't 

t'I'IcJ1t.lL~tJ'I'!lfl'l~,r'l~~l.J (STCc) L"'tJ,j1f'i1~ruL~tJm'tt'l'lcJ1t.lL~tJ'I'!lfl'l~,r'l~~l.J (TLc) ~1~"l1n 

;r1'1~t.l,j1l.J1Yiflfl",1t.lucJt.l1~L~flLYitJ1JnUu~W1ij 3.2 L"'tJih~flt.ll'!lc;)'1~ . 
1. 1,xfi1m't~ruL~tJm'tt'l'lcJ1t.lL~tJ~'!lt:l'l~,r'l~~l.J~,j1l.J1Yiflt:l",ii"hut:ltJn11L~t.lSTC 1t.l 

LL~WJjj 3 .21~Liit.l 8 L"''DLUfl (,x1l.JLnt.lL~t.llh'~1t.lU~WJij 3.2) 

2. ~fl't'Jl.J'!lt:l'lf'i1m't~ruL~tJm1t'l'lcJ1t.lL~tJ'I'!lfl'l~,r'l~~l.JUfltJn11L~t.l STC '!lfl'lYJn11/3 

tltlmYlUUUt.l~"I~iJftl'l'WLiit.l32 LI!I'DLUfl ujtll~flru~1l.Jdtlt.ll'!li"'1fqfl'lu~,)"h STC '!lfl'l~,r'l n~tl 

£Ji,)Lfl'!lUt.lLLnt.l'!lfl~f'i1m't~ruL~tJm'tt'l'lcJ1t.l~IJINnUL~t.l STC ~1'l,)1l.J~ 500 Hz ~,r'l~iif'i1 STC l.J1n 

"I ~fq1l.J1't[1 nt.lL~tJ'Ill1i'l.J1 n 



53 100 160 260 400 6.)0 1000 1600 2500 <4 K 

utJW;)i1 3 .2 nr)YjLLt\CiI,m1~1'hium'1~qjL~tJm'1~'H.huL~tJ'I (STC) ,tl'ltJU'I'!!ilCil"1'11 

~).n Egan, M. David, Concepts in Architectural Acoustics 

(New York: McGraw-Hili , 1972:70) 
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- tJu'In1ru~LilCil'lltl'lLilCil mru~tl'l1.h~'ll).JLilCilth~~ ~U11Ji1'1~ffi'lltNut'\'14lj~LmtJ1.m~iltlu 

mru1 L tl1 L~tJ'I'11..Jn')U4lj1 n i'lfl1Yi u ') l1I~tl).Jl11tJUtl n dh).J1l11tJ 1 u~tl'l1.h~'I1).J L rltl'l'l1 n~u~'Iltl'l Lill1ll1 

1'i1"',)1).JLilu~u')unuL~tJ'ILVhnu 0 LCiI~LU~ m~11'i11'l')1).JLilu~u'lunuL~tJ'I~tl'ltJu'IlumruLill1l 

U~~ ~U1"1'1~ffi'lltl'lut'\'1 LCiltJm'1~n1fil11'11m'1t3qjL~tJn1~'1~1uL~tJ'I~tl'ltJU'I~U~LilutJu'I~~n 

LCiltJi'lLU TL 1 tl~'1~~~1'1 25-60 LCiI;nLU~ '11nutJW;)i1 3 .3 YiU~1 ~1ntJU'I~~nl1ttCil~'lu'lltl'lLilCilLVltJ'I 

ffitJ~~ 0.1 'tl'l~U~'tl'ltJu'In4lj~Yhl~tJu'Il11'i11'l'l1).JLilu~u'lunuL~tJ'I (TLc) L~).J1n~ttCil 29 LCiI'B 

1'11Lvi1nu 20 LCiI~LU~ 

i'l'!u tl1~fl'lU'1~).JLilCilU'1~~ ~U1 "1'1~ffi'lltl'l ut'\'1LVltJ'ItltJ1'11Ci1tltJ1'1~~'1n'l~1 'l~,.h 

"',)1).JLilu~u')unuL~tJ'I'!U"l~l11'i1UtltJn~1 25 LCiI;nLU~ ujtl~1).J1LmtJULYitJunuI'i1ium'1t3qjL~tJ 

m'1~'1r.j1uL~tJ'I4lj~4'CiltlfJ1u~iu 1 



30r----,--~_r----_r----,_----~----~--~ 

25r----t----1-----+----4~--_+~~~--~ 

€ 
~15~---r----+---~~~~~--+---~~--~ 
~ 5 

10 

20 

50 

5 10 15 20 25 30 35 
Tl,fdbl 

UtJw;)i1 3.3 LLi'l"'-lnrwlm1Wl'hm1~ryL~um1~-lt.hl.lL~U-l'tltl-ltJU,m1ruii'rltNLil~ (TLc) 
, ... 

YllJ1: Stein, B. and Reynolds, J. S, Mechanical and Electrical Equipment for Buildings, 

Eight Edition (New York: John Wiley & Sons, 1992:1392) 
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l.h::'lllJYi11~1::iu L~U-l1l1ull.1~tl-l L ~lJ~l.I m1f.J 1 ~fl'lltl-l L~U-l"::Ln "'~l.IL YiU-l UtJl tJU-l iiffiU LL~n11,)~1.11::lJ1ru 

1/32" L'rll.l ffitltJltl1::~~1-l,)-lnUnutl1::~ ~ffi~~1tJl1-lnutJU-l (Miller and Montone, 1978: 55) l.Itln"1n~ 

m~~lJ'tItl-lL~U-lt.J1l.1ffiU~tl1~~1-l'it1Ni'l11-ltl1f'l11 LlIl.l 1::~~1-ltJU-lnU~l.I tJU-lnU~1L"''''1l.1 'L"'tlLtl..,1:: 

tJU-l~iilJ,)fnltltlm1f.J;lJ'IItl-l L~tI-l"::Ln~ 1~lJ1nn~1 tJU-l~iilJ,)~lJ1n i-l~l.I f'I')1iim1'lltl1u,~ ~tl tJl1-l1 LL~::~1 

%iltl-lnl.lm~;lJ'tItl-lL~tI-l~')tlt)i'l~~tl1::tjn~"nntll.l,)l.I 

mffitl n LLUU~tl-ltl1::'lllJl.Itl n"1nn 1rlltl-l nl.lL~tI-lruml.l" 1n1l1t1l.1tl n~tl-ltl1::'lllJ LLft') 1'1') rlltl-l nl.l 

L~tI-l ruml.l~ Ln "'''11 ni'l1l1.., LL ') ",fttllJ1l1t11l.1~tl-ltl1::'1llJ~')tI 'L"'tI~') 1t1 L~U-lru ml.l~ Ln "'''l1 ni'l1l1.., LL ') '" fttllJ 

1l1ULl.I "::Lill.lL~tI-l"1n~tln1nlil1t11l.1~tl-ltl1::'ljlJ "1n1::uutlrotl1ml'l ~-l1fiiltl-lnl.l~ffi~"'"::iuL~tI-l 

ruml.lLl.ILntl-lli'l.Il'I,)1~mn1::iuLnru"L~tI-l~li'tl-lm1'lltl-l~tl-ltl1::'1llJ ~1~fuf'i'lLnru"L~U-l~tltllJfu1~'tItl-l 
, 

"tI ... .. ~~ ~tl-l 1::'lllJl'ltl NC-20 to NC-30 Y11::~ULrlU-l 30 to 38 dBA (M.David Egan, Architectural Acoustics, 
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P.233) m1~'llJ"'l).JL~u~run'lt.l"'1n~m~u'l~~fl).Jmult.l~1"'fu~fl~th:;'1l).JJ"t.lL~u~run'lt.l~Ln~r.nn 

~m~u'l"'~fl).Jmult.l~fl~th:;'1l).J "'~n11"'uri L~U~"'1n1:;lJlJt.lfufl1mP1 ",ffiL~tWnn~t.ln1(u1YlYh ,j1~1 

.., A I .... .., -~ .., ~ " iL" A I 3.2.1 "'lLhJ",Ln!l1n\Jn1rutl~nUL.!I~n.Jmu~ln.1l1"LL1".tl~IlI!l U~tl~1J'i::1~ 

mffiflnUlJlJ~fl~t.l1:;'1l).Jt.lfln"nnmrufl~nt.lL~u~run'lt.l'l1nfmJt.lfln~fl~t.l1:;'1l).JU~'l fI'lrllfl~nt.l 

Lt;U~run'lt.l~Lnlil'l1n~m~U'lIil~fl).Jmult.l~fl~t.l1:;'1l).J"''lU L~u"*'l1t.lL~u~run'lt.l~Ln~'11n~m~U'l~~fllJ 

mult.l '1:;Li~t.lL~twnn~t.lmNmult.l~fl~t.l~).J '11n1:;ljlJt.lfumml'1 ~~i)fiilfl~nt.l",ffifl~1:;!lIlJL~U~ 

rumt.llt.lL~fl~tIft.lf'l'l1~n~11:;!lIlJLnru,,]L~u~~tIffl~mT'llfl~~fl~t.l1:;'1l).J ~1",fufii1Lnru,,]L~U~~Ut'l).Jfu1,J;''Ilfl~ 

~fl~t.l1:;'1l).J~fl NC-20 to NC-30 ~1:;!lIlJL~U~ 30 to 38 dBA (M.David Egan. Architectural Acoustics. 

P.233) m1MlJ~).JL~u~run'lt.l'l1nM1~U'lIil~fl).Jmult.l~1"'fu~fl~t.l1:;'1l).JJ"t.lL~u~rumt.l~Ln",'I1n 

~m~U'lIil~fl).Jmult.l~fl~t.l1:;'1l).J "'~n11~uri Lt;U~'I1m:;lJlJt.lfumml'1 ",ffiL~U~'11n~t.ln1C\.~1Yl~1 ,j1~1 

j;J111~~ 3.3 Pi1L~u~rumt.l'l1n~t.ln1Nt.l1:;nfllJt'l11'111,j1~1 

Sound Pressur" lANe! (dB) 

- -
EquIpnent 63 Hz 125 Hz 250 Hz SOO Hz 1000 Hz 2000 Hz 4000 Hz BOOO Hz elBA 

Absorp(oon machone 91 86 86 86 83 80 77 72 89 
Axial fan 98 99 99 98 97 95 91 87 102 
Boier 92 92 89 86 83 80 77 74 89 
Centnfugal fan 86 95 89 90 87 82 76 77 92 
ChIef . centnfugal 80 85 87 87 90 98 91 87 100 
CompreSS()(. alf 
Condensef 
CoolIng tower 
Fan cool unot 
Inductoon unt 
PTAC 
Pump 
Rooftop un! 

Warm· aIr furnace 

86 84 86 87 86 84 80 75 
99 92 90 90 89 85 76 68 

102 102 97 94 90 88 84 79 
57 55 53 50 48 42 38 32 
57 58 56 54 45 40 35 33 
64 64 65 56 53 48 44 37 
75 80 82 87 86 80 77 75 
95 93 89 85 80 75 69 66 
65 65 59 53 48 45 39 30 

Reference 

" NoIse from COIlstructlOO Equipment and O~raltons . BuIldIng E.qUlpment. and Home 
Appliances." US. EnwOIlmentai ProtectIon Agency , NTiO 300 1. Washington. De­
cember 1971 

. ... 
Vl).J1: M.David Egan. Architectural Acoustics (New York McGraw-Hili . 1988:233) 

'11n;fl~flL~u~run'lt.l;1~tIft.l ~lJ111:;';lJL~u~run'lt.l~Lnlil~U'l1n Fan Coil Unit ~1).J11C1":hl~Ln", 

L~EJ~ ruml.lf'l1EJ 1 t.l~t'l~t.l1:;'1l).J ~~ 53 dBA Ufl:;'11nm 1~ mn 1 t.lL~fl~tIft.l1:;!lIlJ Lnru"]L~tN~ t1ffl~m T'Ilfl~~t'l~ 

t.l1:;'1l).J ~1",fu';11:;!lIlJL~EJ~rumu~EJfl).Jful"''Ilt'l~~t'l~t.l1:;'1l).J~t'l NC-20 to NC-30 1:;~lJL~EJ~ 30 to 38 dBA 

(M.David Egan. Architectural Acoustics .P.233) ,;~J"t.l f'I'l1).J"'fl~n'111t.lm1flflnulJlJ1:;lJlJt.lfummf'l1t.l 

91 
92 
97 
53 
54 
59 
89 
87 
57 
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1::UU,",IU Llfl::Ufltm ~UlIfl~fl1m" LUU ~fl~Sj m1flfln LlUU 1 ~Ln (ill L~U~1U mu 1 U1::~U~Ufl~ fu U'lIfl~~fl~ 

tl1::'~~~~fl~fl')U"~fl,)I~L1rlllfl~fl~1~~U1::iu~YiI1~Lnti'l NC 20 - 30 ~fl fl,)I~L1r.Jfl~U1L')ru\h;jIUfl~ 

LUU 300 C;-3 425 fpm Llfl:: fl,)I~L1rlfl~U1L')ru(J\::LlnNUflun~Ufl~LUU 360 - 510 fpm (MDavid Egan. 

Architectural Acoustics .P.301) 

Air Velocity at Air Velocity at 

Noise Criteria Supply Register (fpm) Retum Grille (fpm) 

NC-15 to NC-20 250 to 300 300 to 360 

NC-20 to NC-25 300 to 350 360 to 420 

NC-25 to NC-30 350 to 425 420 to 510 

NC-30 to NC-35 425 to 500 510 to 600 

NC-35 to NC-40 500 to 575 600 to 690 

NC-40 to NC-45 575 to 650 690 to 780 

~m: M.David Egan. Architectural ACQustics (New York: McGraw-Hili. 1988:301) 

3.3 \1.nn1f1.\ln1fl}tmu1.J1.JitHtJr.:"lIt"an1~fI';I1.JflllflWIl1"'8::fI.;lni LLtl::n1'1L~\l"1~1I'8~Lia~ . . . " 
ma1. \li'8~tJr.:lIl1 • 

lum1~mfiU"{EJ~I,.r ~ lumffifln LLUU~fl-3tl1::"ll~ L ~fl~11~flCUflIYi L~EJ-3~~ lu~,)u1Ifl-3m1 

P'I,)U "l~ "lCUflIYi L~EJ-31l1EJ 1 U~fl-3tl1::'~~UL ~fll ~~fl-3tl1::'~ Sj ~n EJ1l1Yi 1 um1fl,)U "l~ L~EJ-31l1EJ lufl,)1Sj 

m1~n'tn Reverberant Sound ~1flL~EJ~r'i'fl~ ~Lnti'l~t.l111EJ1U~fl~tl1::'~ ~~mffiflnLluuztlh~lIfl~~fl~ 

tl1::'~~ ~~vh 1 ~ Ln ti'I m1~::"'fluL~EJ~n~U 1tl~1 Llfl::m1nl~Uti'I~ (iII~,)U'lJfl~~fl~~ L ~~1::~~"::~~ CJfll ~ "'1 

Reverberant Time (RT) ~L~~I::~~ 

lumru1::Ulu"'IL~mnu Reverberation Time 1l1EJ1U~fl~tJ1::"ll~ l;nfi~n'tn RT ~L~~I::~~ 

~1~fu~fl~tl1::'~ ~~n'tnLti'ltJ Russell Johnson (Country of Russell Johnson and Bolet Beranek and 

Newman. Inc) YiU11RT ~L~~I::~~~I~fu~fl~tl1::'~ fl~1::~11~ 0.7 -1.1 iJUIYi ~~~U mru1::Liiu"'ILti'ltJ 

n11ril~Uti'I RT ~L~~I::~~~~t11~ti~ph1lfl~ Russell Johnson d:lu~~n 
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Note ' lOflH reveri>eratKl("J t l~S dPgrade SJlf"f»'C.h fwr, "poor 0' !'I'drl'l'~ II'lPJlf4·111 ... ·~'"lr· 

far nl()(e thc-'ln norrT'lal heaunq pfH~'S for ht-...drnq HflPdll"cj tfI(j t·ld.·"\ h",I"''I'''' "'\.'('1 

tieratton lImt"~ s.~d be wpW ookl"" mo<>-: 0 1 ttv:> v.lIUf)~ I~ I :h,., rip· , •. (~ II ') j,' 

c;.;wl.;!a '!Of\, ~pj.OP' b ~(;ApI.on I 

, 
vhn Cavanaugh, William J; and Wikes, Joseph A, Acrhitectural Acoustics: Principles and 

Practice (New York: John Wiley & Sons, 1998:156) 

1um'1~mnif"'4'tJ~1~qj1umffitlnLLlJlJ~tl'lU'1::"l~L~tl~f1'l"lruJl1ViL~tJ'l~~ 1uri'lu'1ltl'lm'1 

f'I'llJf'l~f'lruJl1ViL~tJ'lmtJ1u~tl'lU'1::"l~,rUL~tl1~~tl'lU'1::"l~;:j~ntJmVi1um'1l'l'llJ"l~L~tJ'ln1tJ1ul'l'l'1;:j 

m'1~nM1 L~tJ'lntl'l ~LnC'l~Wl1tJ1U~tl'lU'1::'Il~ ~'lm'1tltlnLLlJlJluh'l'1ltl'l~tNU'1::'Il~~~~vh1~LnC'lm'1 

~::Vff)UL~tJ'ln~lJ'lu~1 LLfl::m'1ri1~UC'I«C'lri'lU"f)'l~f)'l~L~~1::~~"'::~'l~fl1m~fi1 Reverberant Time (RT) ~ 

3.3.1.1 zUh'l"tl'l~tl'lU'1::'Il~~~~1~fumffitlnLLlJlJL~tJ'lmtJ1u~tl'lU1::'Il~ ~tl mni11~ 

t.nr'lbJ'!JU1W)UL~tlnUm'1~::Vff)UL~tJ'l pJh'l~f)'l~L~~1::~~f'I'l'1Lilu pJ~C'I (Fanshape) 1Um'1tlf)nLLlJlJL~f) 

~~n L~tJ'l m11lU1W)U"f)'l~ULLfl::~1 LVi C'l1U ~'lLilum ni1fl1tJm11rMiuL~tJ'l~ ~ LC'ltJ mni1~,r'lYf'l Lilu 

,ruuulC'1~ffimffif)nLLlJlJLViC'l1uLi1U~'lU1 titltJ"'::'htJ1un11m::~1tJL~tJ'l~~~1L~~f) zUh'l~f'I'l~~nL~tJ'l 
.. ... ,~ ..l ~ ~ ... I ... J' ..l~ J! k 
f'lf) 'J.Ji'lL~fltJ~"IlJj'1~ (Square) 'J.J'l'lnfl~ (Circular) LLfl::'l'l1 (Oval Shape) LVi11::ViUVl ~rl'ln-n'l (Large 
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curved area) ",:::d]l!L1JIJt1"l).JL~tJ~Lih..l'''' U~:::~"'~,)l!1Jtl~~tl~~LVI).J1:::~).J~~'" (n11~ : tJ1,):~~) ~tl 1: 1.2-1.7 : 

0.4-0.7 

, .. 
Yl).J1 : Michel Barron , Auditorium Acoustics and Architectural Design, 

(E & FN Spon, and imprint of Chapman & Hall, 1933:48) 

o o 

Cruclfonn Rectangle 

o 

OeUgon Fan SquMe 

..I 
Yl).J1 : Michel Barron , Auditorium Acoustics and Architectural Design, 

(E & FN Spon, and imprint of Chapman & Hall , 1933:48) . 
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3.3.1.2 '!l'J1~'!lfh1lltl'ltl'::'Ill_JiiPl'l1l_J£{~.ni'Jffnmh"''l1l_Jntl'l'IJtl'l~EJ'l1'Jlltl'ltl'::'Ill_J ~'l~'J 

l'Jm'~m~n~"'f.I"f'lil rf54'f.I't~Vhm1f1i1'J'lru ml_J1lJ11'!ltl'llltl'l L~tlLUWuLYiEJU\n£{liIfb'J'!ltl'l1~~~liI;UL~f.I'l 

'lJtl'llltl'l1'Jmt1l~~tl'lm1LLnt'!liJC1I~1"'11n"''l1l_Jntl'l'!ltl'lL~f.I'l ~'lil 

" 1. \4~ftU1" 8 x 8 x 4 ~. 

RT60 = 0.161 VIA 

RT60 = 0.161 x _________ 2.,.5"'-6 ____ _ 

(64 x 0.05)+(64 x 0.05)+(128 x 0.05) 

RT60 = 0.161 x 12.8 

RT60 = 2.6 Sec 

~1n~tl'lm1fl~';1 RT60 lllL~~tl1.0 Sec t~f.I~l_Jl_J~l1'Jri1~'JtJ'IlllHf1~~ 

Shredded-wood fiberboard, 2 in thick on concrete (mtg. A) fh£{l_Jtl'::~Ylf 0.60 Li']'J 

1~Iil~lfl'Jmrufutlt'llltl'l 

1.0 Sec = 0.161 x __________ 2""'56"---______ _ 

(64 x 0.05) + (64 x 0.05) + {(128X x 0.6)+(128(1-X)O.05)} 

= 0.40 

~ttl~1 ~1n~tl'lmrufutlt'llltl'ltlr.;'Ill-J'!l'J1C11L~nmllii';1 RT ~L~l_J1::~l_J I'I'l1 

~tl'liic.JU'l~'llJlN-D1l_J~U1W1f.1tl1::l_J1ruffif.lfl:: 40 'lJtl'lc.JU'li'l~l_Jl'llf1~~;UL~f.I'l ~ii 

£{l_Jtlr.;~Ylim1C11~;UL~f.I'l (NRC) 0.6 L'rl'J Shredded-wood fiberboard , 2 in thick on .. 
concrete (mtg. A) LtI'J~'J 

2. 
.. 
\4~-3"U1" 10 x 12 x 4 ~ . 

RT60 = 0.161 VIA 

RT60 = 0.161 x 480 

( 120 x 0.05)+(120 x 0.05)+(176 x 0.05) 

RT60 = 0.161 x 20.8 

RT60 = 3.35 Sec 
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\nntA'tl·m1'1~""h RT60 1~L~~tl 1.0 Sec ~m'U.J).J~31l.1ih~l.I",1m;r1'~~ 

Shredded-wood fiberboard, 2 in thick on concrete (mtg . A) Pl1«).J1.h::;a"i 0.60 LUl.I 

1'~f;Jmftl.ln1nJf1.JU1~~tl~ 

1.0Sec = 0.161 x ________ .:::!4~80!oL_ ______ _ 

(120 x 0.05) + (120 x 0.05) + {(176X x O.6)+(176(1-X)O.05)} 

= 0.58 

i\l1ltJ1 ~1n;Jtl~n1nJf1.JU1~~tl~U'I::;"Il).J'lIl.I1Iiln~1~~1~iiR1 RT ~m).J1::;fU.J "'')'1 

tA'tl~ii~t1~~~"N;1).J~1.Jntl1UU'I:::).J1ruffiu~::; 60 'lItl~~t1~i~~).J1l'I1;r1'~CIli1.JL~U~ ~ii 

«).JU'l:::a"im'l~"'i1.JL~U~ (NRC) 0.6 L'Ill.l Shredded-wood fiberboard , 2 in thick on 

concrete (mtg. A) LUl.IiA'l.I 

3. 
., 

wa-nU1,. 16 x 25 x 5 

RT60 = 0.161 VIA 

RT60 = 0.161 x 2000 

( 400 x 0.05)+(400 x 0.05)+(410 x 0.05) 

RT60 = 0.161 x 

RT60 = 9.74 Sec 

~1ntA'tl~mffi"'fh RT60 1~L~~tl 1.0 Sec 1",u~).J).J~31l.1n1~l.I",1m;r1'~"l 

Shredded-wood fiberboard , 2 in thick on concrete (mtg. A) R1«).JU'l:::a"i 0.60 LUl.I 

1'~"l~1;t1l.1mnJf1.Jul~~tl~ 

1.0 Sec = 0.161 x ________ ~2J.l'00180L---______ _ 

(400 x 0.05) + (400 x 0.05) + {(41 OX x O.6)+(410(1-X)0.05)} 

= 1.16 

~l1ltJ1 ~1ntA'tl~n1nJf1.JUt~~tl~U'I:::"Il).J'lIl.I1"'1~C\im~iiI"i1 RT ~L~).J1::;i\).J P1,)'1lKtl~ii 

~t1~~~"N;1).J~1.J'Iffi1UU'I::;).J1ruffitJfl:; 60 'lItl~~t1~i~~).J'" 1f1'~~i1.JL~U~ ~ii~).JtJ'l::a"im'l~'" 

i1.JL~U~ (NRC) 0.6 L'Ill.l Shredded-wood fiberboard, 2 in thick on concrete (mtg. A) LUl.I;Jl.I 
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LL~::~nffiu~:: 60 1~y'hm'LLfi'tlltlfutll~lhL~~1UU1~'lN 'l!u~~~~fl~~t1~imn~'lu 

1ftlil~il"htf~t11::~'YIt (NRC) 0.6 

3.3.1.2 Reverberation Time. RT mnJ,::~uf'hm'''''lu''l~~~u~ll1tJ1u~fNtI'::'I1~1uri'lU 

'DtN Reverberation Time. RT L"'tJ1iifl2;l~'Dfl~~t1~th::'~nfi~i'lfl!.h~ ~LI\r.lUr.l~ifl2;l~Hufl'l ~1 
";1m,A1U'lN~1,.h RT L(/\tJ1ift~mnt1~'111iju ~~il11tJ~::~~tJ(/\1um1A1U'lN RT llfl~~fl~t11::'11~ 

~~fltln~1~ilu~'ltlt.h~ Iil~n 

%m'Pl1U'lN RT ~~~1nm1~1U'lN~~tl~1tA-~11J1~fl~ LL~:: .. hm1~""u~~tJ~r.l~lltl~ 

~ulhll1tJ1U~tl~t11::'I1~n~~i'lflt.h~ 

1J1111~ 3.51ftliltA-~1N~uil'l~::"hm1~""u~~tJ~llfl~~fl-1t1'::,~ l'I . tf-1~~UU 1JI~1"'~~n'YI~U LL,,*-1t11::~'YI1'1 

L'YItJ 

,j'ULtlriI il"."'iI ,r'il~t1r.:'JJ fII •• ~Li!lU 
;z ... 

Sound Absorption ~U'YI 

RT 'I'iI~,r'il~t1r.:, JJ ".1"~.n'YInnl LL ,.~t1r.: L'YI IIIl 'YI!I 

Ceiling Plywood 336 m2 0.15 

Opening 16 m2 1.00 

Floor Rubber 138 m2 0.05 

Wood 22 m2 0.15 

Wall Wood 64 m2 0.15 

Plywood 176 m2 0.15 

Door Steel 6m2 0.10 

Window Glass. ordinary window 4.2 m2 0.15 

Seat(300 Seat) Audience. seated in upholstered seats 118 m2 0.81 

1fim1~1U'lN"h~""u~~tJ~r.l~llfl-1~uil'lll1tJ1tJ~fl~t1'::'Il~ l'I.tf~~~tJtJ ~~1"'~~n'YI~U LL"*-1 

t11::~'YII'1L'YItJ '!IU1"'~fl-1~yhnu (n~1~XtJ1'lX~-1) fi1~""U~~tJ-1r.l~ll1tJ1u~fl~~1\1K"I1n~1JI1 

A =S1x01+S2x02 + S3x03 .. .................. ... +SnxOn 



Area of Surface, m2 

S1 Ceiling : 256 m2 

S2 Floor. 138 m2 

S3 Wall: 234 m2 

S4 Door: 6 m2 

S5 Window: 4.2 m2 

S6 Seat: 300 seats( 118 m2) 

, 
~ 

L~tl RT 

v 

A 

RT 

RT 

RT 

Absorption Coefficients, a A= SxO 

NRC Number Sabine, m2 

U1 = 336 x 0.15 50.4 

= 16 x 0.8 12.8 

02 = 138 x 0.05 69 

= 22 x 0.15 3.3 

03 = 64xO.15 9.6 

= 176xO.15 26.4 

04 = 6xO.10 0.6 

05 = 4.2 x 0.15 0.63 

06 =1 18xO.81 95.58 

Total 268.31 

= Reverberation Time (RT), Second 

= 

m~'Wlntl'l~tl'l , mJ 

p\1mT~li\iuL~tJ'lT(nJlItl'l~tl'l , (Sabine. mJ) 

= S101 + S202 + S303 + .... ... ....... SnOn 

0.161 VIA 

= 0.161 x (22x16x4.5) 1268.31 

= 0.95 Sec 
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Lrltl"'11.mut~tJm1LLY1tJ'h~"'T ~1Jl1 YiU11f'h~1~ iil'l(n~1m\\~tJ'lnumrlli\~')tJL'i~tl'l LL~::P\1~U' 

L"u..n::~~nUn"lm1~lItl'l~tl'l ;itl tl~1tJ'h'l1::~11.:J 0.7 -1 .1 'ltJ1Yi ~'lU"l4'tJ~~'l~fi~tl'h RT ~L~Wl::~~~tJ 

LU1..l1'l,)1~~~~tJfiT::~11.:Jm~11Jl1 LLfi::mT~li\iuL~tJ'ltli\tJ1')~lItl'l~tl'l ~.:JmT~li\iuL~tJ'ltli\£m~~tJ 

~1LutJtlftl.:Jl~fum1fltlnuuu~m~1::~~ 1tJ~Ii\~')tJ'Ilfl'lt)~~ntC1')~~tl-lL~tlnHt)~~~::YftltJL~tJ-l t)~~~li\iu 

L~tJ'l Ufi::m::"I1tJL~tJ-l~ L ~~1::~~ 1')~ tl-l mTri1~tJli\~ fIIY11.:J m TLiii1..lY11-llltl-l L~tJ-l~ L ~~1::~~ 
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IUUIl'yt Li ,,~,. 'a ~ 
• Sound Absorption 

"'a~tJn:,J.I 

Ceiling 

Floor 

Wall 

Door 

Window 

Seat (353 Seats) 

Plywood 

Polyurethane foam 

Rubber 

Wood 

Plywood 

Steel 

Glass. ordinary window 

Audience. seated in upholstered seats 

493.8m2 

0.15 

0.30 

0.05 

0.15 

0.15 

0.10 

0.15 

0.81 

i)fim1~1U'lNfh~~;u L~tJ~t1).J'Ilt)~~ulh[mJ lu~t) LLf'l~~ ~U~1 '5Yltn~tJ "l1tJ~f'I ~~U ).J . ).J~~~ 

'IlU1~~t)~Ll'hnu (n11~XtJ1'lX~~) 1'i1~~;uL~tJ~t1).JJl1tJlu~t)~~11"'~1n~~1 

A =S1xU1+S2xU2 + S3xU3 ...... ................. +SnxUn 



Area of Surface. m2 

S1 Ceiling: 414 m2 

S2 Floor: 420 rnZ 

S3 Wall: 462 rnZ 

S4 Door: 6 m2 

S5 Window 4.2 rnZ 

S6 Seat (353 Seats) 

. ... 
RT L)..Jtl 

V 

A 

U.YlUfl'l~1Jl1 

RT 

RT 

RT 

Absorption Coefficients. a 

NRC Number 

a1 = 96 x 0.15 

= 318 x 0.30 

a2 = 160 x 0.05 

= 77xO.15 

a3 = 493.8 x 0.15 

a4 = 6 x 0.10 

a5 = 4.2 x 0.15 

a6 = 139 x 0.81 

Total 

= Reverberation Time (RT) . Second 

= 

= 

A=Sxa 

Sabinex. m2 

14.4 

95.4 

8 

11 .5 

74.07 

0.6 

0.63 

112.59 

317.19 

= S101 + S202 + S303 + ....... ... ... . SnOn 

= 0.1 61 VIA 

= 0.161 x (18x23x7) I 317.19 

= 1.47 Sec 
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L~tl~'lU'lrut~tJm1u.YlU,.;'l~1Jl1 ~~1 ~U~'l";'l~l~ ~~'l'l)..J1n~L~tJ.:lIiumrl~~'ltJLf'1~.., LLfl:;ph~l~ 

,rU)..J'lnn~'l fl'l~L"')..J'l:;(q)..Jriuii~nn)..J'tl..,,xtl..:J ;itl tlfJlu'lI'l..:J1::"'~'l..:J 0.7 -1.11U'lVi tl~L~nt'itltJ ~..:JtJ~4'tJ~ 

i'l..:J~fl~tlfl'l RT ~L"')..J'l:;(q)..J,ru LtlUf'1'l'l)..J~)..J~U1f1:;"'~'l..,1fi)..J 'l 1Jl1 LLfl:;m1~{;l'UL~tJ..,t{;ltJrJ)..J'tl..,,xtl.., ~..:Jm1 

~~'U L~tJ..:JL~tJrJ)..J,rU 4'lLtlu~tl..:Jl~fum1tltlnLLuu~L"')..J'l:;(q)..J 1u~{;li'l'lu'tl..:J.r(q"lnltj'l~lA'tl..:JL~tln1.n.r(qfil 

(q:;YltlUL~tJ..:J .r(qIi)~""UL~tJ..:J LLfl:;m:;~'ltJL~tJ..:J~L"')..J'l:;(q)..J rJ)..Jt1..:Jm1ri'l"'U~l1~Yl'l..:Jm1L~UYl'l..:J'tl..:JL~tJ..:J~ 



'"i')nm1~m·nt)Y1fiv.~~')~1 ~ L~tJ')~fl~nUm 1fltln LLUU~fl~1.JT::,).J L i4flflh~ ~ ruJ)')v. L~tJ~~~ ~~ 1~ 

~')m1~ nM'1 ~'l LLtl1~h~1 ~~')m1~ nM'1~~ 1~,j') Lm~fl~~ ~')~1 ~ L~tJ')~fl~nUm 1flfln LLUU~fl~tl1::"ll).J L i4fl 

flh~flruJ)')V.L~tJ~~~ ~'lLLtl~flnmflumru1::Li1uLLtJ~LijU 3 ~'lU 1~LLri vJfNflm~ru.,--"fl~~fl~tl1::').J 
(Shape Form) f'i,)I'l'l')).Jr'lfl~'!Ifl~L~tJ~ (Reverberation Time, RT60) LL~::Lnru-n1::~UL~m1Umu (Noise 

Criteria, NC), ).J')tl1::nflu1umru1::Lijuf'lruJ)')V.L~tJ"~~1Jfl"~fl~tl1::"ll).J 

3.4.1.1 vJtl~1Jfl~~fl~tl1::"ll).J Shape Form 1Umm"l,)1ru')ttltl~llfl~~fl~tl1::"ll).J~~ 
~')~rum1flflnLLUUL~tJ~mtJ1u~fl~tl1::"ll).J ~"I,)1ru')n"~ntJmv.m1fl::"'flUL~tJ"'!Itl,,~uEJ'lmtJ1u 
" .. 1" ... 1 ' ~ ~ .,J.!'I d. .,J. tl " ..J .!'I ~ ~ ~ 
~tl~ "I" 'l!,ul'l~'!Ifl"eJ~V.UY1LuUn'lUY1m~u~, Y1Nllfl"~tl").J')m~U"'lI'l~I'l::LLUULuU 51::~U ~~u 

0.8 J 

0.6 0.4 

0.8 

0.6 

0.4 

0.2 
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0.8 

0.6 

0.4 

0.2 

3.4.1.2 rh~'l1l-Jnfl-3'!1fl-3L~U-3 Reverberation Time (RT) It.lmrur.;Lijt.lrhL~mritJ RT 

fl1Ult.l~fl-31h::'lll-J lmm1~nM1 RT ~L~l-J1::~l-JntJ~fl-31h::'lll-J~~nM1t~u Russell Johnson 
, 

(Country of Russell Johnson and Bolet Beranek and Newman, Inc) ~tJ11RT YlL~l-J1::~l-J~1~ru 

~fl-31.11::'lll-J fl~1::~11-3 0.7 -1.1 1t.11Yl ~-3,rt.l mru1::LiJt.lf'h t~um1utJ-3'1l'N RT flflmilt.l 5 '1::~tJ t~u 
m'1ih~t.I~1~~1 RT ~PlNntJ RT ~L~m::~l-J'!Ifl-3 Russell Johnson l-J1n~~~ l~fl::u.t.lt.lL'VhntJ 1 Ufl:: 

rh RT ~fl~fl-3~fflL~l-Jft.l"i1n'll'l-3 RT ~L~l-J1::~l-J,rt.ll~F1::u.t.lt.lfl~fl-3Pl1l-J~1~tJ 

" " 

P 0 

RT ~-3u.(;) 0.60 u.~hlflun11 0.65 LI.fl:: ~-3U.1J11 . 3 ulJiuflun11 1.5 1t.11Yl 

" " 
RT ~-3U(;) 0.55 u.IJ1UflUn11 0.60 Ufl:: ~-3 u.(;) 1.5 u.lJiuflun11 1.7 1t.11Yl 

• Under 0.55 SK: 

.0.55 - 0.59 S!c 
00.60 - 0.64 S!c 
00.65 - 0.69 S!c 
.0.70 -i.10SK: 
01.11-1.30SK: 
01.31 -1.50 SK: 
.1.51 -1.70 S!c 
• Upper 1.70 S!c 

0.8 

0.6 

0.4 

0.2 



1 

31 
32-
33 

34- Upper 
35 35 

Ii 

~,:ml'i 30 - 31 

" ~-lLLl'i 32 - 33 

" ~-lLLl'i 34 - 35 
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Noise Oiteria I 

Noise Oiteria 

0.8 

0.6 

0.4 

0.2 

1um1~mnL~fll-11~,)LLu1Y11;numru1:;LiJujihn11tlflnLLUU~fl-lU1:;'Il~~~-l~~l'ifl"ruJ11~L~tN~~ 

ji)f-l~ tOj1nmilLji)11:;\f~M1rlll'lf'i1tl:;'!li'l~m("nnn~~~,)flth-l~-l 3 U~-l 'r'IUr)1 fiVlfi~~1um1ji)')U"~ 

filruJ11~L~£J-li:i~II'I~,)U'!Itl-l~,)UU1L1tJ-lft1~UlJn~I'l,)1~~1~C1J l~LLri ~,)LLu1Y1L~m;rfl-lnul1lLLuU~tl-lU1:;'Il~ 

~')Uu1Y1L~m;rfl-lnu I'i 1"',)1lJnfl-l'!lfl-lL~£J-l (RT60) U~:;~,)LLu1Y1L~m;rfl-lnULnru"'L~£J-l (NC) 

ri1l-1Ull'lft1~1Jf'l,)1~~1~C1J~1n~~1I'I1u~,)UU~LL1J1J~fl-lU1:;'Il~ Lrttl-ltOj1nl-11nri1l-1UII'I~f'lVl1-lm1 

L~UVl1-l'!ltl-l L~£J-l ~ 11'1 LLfh'lt:: 'Wi'l1~11Clyj11 ~~tNU1::'Il~i:i f')ruJ11'r'1 L~tJ-l~ ~lt1i' 1'llJ [;-l m1ri1l-1U1I'I11l LL1JU~tl-l d~u 

m1fltlnUUU~-lLLl'iL~~tJi'U ~-lt!U l-1~-ltOj1ni'lh-lLL~,)Ltlmi'l~~::LLr'i'1'!1LilU1Ul~ft1u1n 
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~ twl1~ Li4tJ~jj K l'! ~'llJ'!Jfl~ ~'l UU1L1tJ~ih~tJ "1lJ 1'\'l1lJ~1 ~ C1I lIJi' uri ~'l UU1YIL~tJ'l;;fl~ritJvJ UtJU"fl~U1:;~lJ 
~ .I..J..I ~ ~, ..I! ~ ~ .1..1..1 ~ ~ .. ~ 
~'lUun'lLntJ'l'1lfl~nU"'1"''l1lJrlfl~'IIfl~L\1tJ~ (RT60) Ufl:;~'lUun'lLntJ'l'1lfl~ntJLnru"L\1tJ~ (NC) 

n1~lJl'!i'h~tJ 1'\'l1lJ~1 ~ C1IlJ1 n~~ l'!llJ~'l uu1vJ UUtJ"'fl~U1:;~lJ L ~fl~~1 n~1 nn1~lJl'!~ f'I'Yl1~m1 

L~lJ'Yl1~'!Jfl~ Li4tJ~ ill'! uih~:; 'W~1lJ11,)Yi11 "''''fl~U 1:;~lJjj '1twl1~ Li4tJ~~ ~1cJi' 1'llJ n~n11n1~lJl'!vJ UUtJ"'fl~ LUlJ 

n11flflnUUU~~U~alJ"'lJ ~~~lJ ~~~~1n~f1~u~'ltflm~~"'l:;ur'ii.'!JLulJlul;rfhU1n 

m1n1~lJl'!~1~UI'\'l1lJ~1~'lJ~'lUU1 RT ~1~C1IllJ~1~u1fl~fl~lJ1lJ1 L~fl~"'l1nujfl~11~"'fl~u1:;~lJ 

U~'lLnI1lU'lJ~1L~tJ'lriuLi4tJ~nfl~ ~ffi~:;YffllJ L11~1lJ11Clur'ii.'!Itl'!tJmrunJLU~tJlJ1'~"l~1~1 ,j'ltJ1cJi' 

Ufl:; ft1~UI'\'l1lJ~1Pl'lJllJ~1~u~c;,Yf1tJ f)fl NC L~fl~"'l1n "'fl~u1:;~lJ~'llJl~qj~n"'l:;1'h:;uu'lJtJ1tJ 

Li4tJ~,j'ltJllJm11;r~1lJfl~U~'l m1jjLi4tJ~rumlJ~L~lJ~lJ~nLfinUfltJ~~'WLUlJU'lJ~1lJ1mrn~1~fu"'tl~U1:;~lJ 

~l'h:;uuLi4tJ~,j'ltJ uiJl'Wl~~lJ1tJ"''l1lJ(h n11jj"'fl~U1:;~lJYljj'1twl1~fl:;fj~~~nml~~lJ"'l:;fl:;LfltJ~fl~n11 

FI'lUfJlJLi4tJ~rumlJ 

"'l1n,rlJ~~~1Lnru"~L~lJ1:;~lJllJmru1:;LiilJf'h~'luu1~h~1 ufl:;~11~1:;~u~LijlJ~'l~1'l'!n~fJtwl1~ 
~ ..1 .... <;' '!'I .. ..1 .... ..1 
L\1tJ~Yl'" ~l'!tJUU~LulJLnru" Yl"'Yl~'" (0.0-3.0) 

L~fll'\'l1lJ~:;l'!'lnllJn11~mn~~n1~lJl'!,j1~1~Un'!ltl~~'lUu1YI u1:;nflucJi''ltJ ,j1Lnru"Li4tJ~~ 

L~lJ1:;~lJriun~n11lJ~1~1 (Noise Criteria, NC) 1tltJfl:; 1 00 Pi1P1'l1lJnfl~'!Ifl~Li4tJ~ (Reverberation Time, 

RT) 1tltJfl:; 100 Ufl:; pJi1~'!Ifl~~fl~U1:;~lJ (Shape Form) 1tltJfl:; 100 
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3.4.3 "·HfII::U.UUtf1".rut1'l::L~UflltuJl1"'8::fII.;tni'll'8~;'8~t1'l::'IIa.1 ." . 
1um1Yi"l1'1ru1t)"flNf11Yitl:;,!!~(jintf~tl"~tNlh:;'ll).J cflftl1"'ri1"'U!il'h"~:;LLuudju 5 '1:;~1J ~"n 

fOl::UUU 

2.61 - 3.00 

2.21 - 2.60 

1.81 - 2.20 

1.41 - 1.80 

0- 1.40 



... 
tJ"" 4 

"l1nmmU1'n.J~'lUU1IJh~1 ~jj~V1fiv.fl~fln11flflnUUU,xfl~U1~'!l).JL~fl~h~f'JruJl1v.~tI~~~ 

~~ L~Yi1m1~nM1 L~flri1~lJfi'I I'h~1"nrn Ufl~f'i1~~U~fl~ U~fl~n~).J~'l UU1~1~1 LU Uft'l,!lJ ilJlJlfllJ~flLU~fl 

m1~ nM1 Ui1 tll;ntimnJ~).J'lflc.Jfln~).J ~'l UU1~1~1 ~ L~m;r fl~~~~).J fi'lU1).J11 LI'l11~,r f'i1 Ufl~~\1 LI'l11~,r;rfl~fl 

L~flU1).J1ri1~lJfi'lLtllJUlJ'lV11~llJm1flflnuuu,xfl~U1~'!l).J ~1).JfblJlJh~1 ~~1I'i'cy 

4.1.1 n1'iLfII"::14,j'tt~tUhn::~tJ.r·ULtJ,ntJ,rttnJr.:,,,. fII .• ·U;!llJ I'la,,,,,.n,,r,,a 
LL ".~tJr.:L "fill "!I 

;rfl~fl,xfl\lU1~'!l).J '1.~~L~tllJ IJIfl1j;t~~nV1Tri~u"'~U1~LV1I'1LV1t1 LtllJ,xfl~u1~'!l).J~1.n1~uuufu 

fl1ml'l ~~jj~lJ1'" (nt)1\1xm'lx~~) 22x16x4.5 LtllJ,xfl~U1~'!l).JLfllJnU1~~~f'1m.n~1~fuu~j;t~j;tlJIJI1 Ufl~\l1lJ 

~).J).JlJ1 

4.1.1.1 1'11Lnru.,rL~m Noise Criteria (NC) Yi1mrlj;t~'ltlt:jumrut)fi'lL~tI~ Phonic # PAA3 

1j;ttlmIDl1rlj;t,h ~\I~ 
., 

• ri1~lJfi'I'j;tmrlfi'lf'i1li\l~).Jj;t 9 "tj;t 

• ~j;t~\lt:jun1ru Ufl~IJl1'l"'~flumni1~1lJ 

• ~j;t~\I~11'l1h~lJ llJ1~~U~~fl\lqYf~ 



u 
z 

31 

30 

29 

28 

27 

26 

25 

24 

23 
22 

A1 A2 A3 61 62 B3 

Check Point 

STAGE 

C1 C2 C3 

• Preferred of Noise 
Criteria 

• NCofSET 

LL~WJij4 . 1 LLfl(;l-l~~n1rl(;l NC ~tNth:;'Q).J f'I . t{-lL~tJ'!.I tJl~1~\H~'n."fvurLL~-ltJ1:;L"'f'I'l."tJ 

LUffiuLYitJunul'i1 NC ~tJfl).Jfu'lci;' 

63 
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n17Yl~11ru1"hlJi'lLLU1Lnru'rfL~u~~t)tI'I1'" NC Lil~mvi1nlJ 26 Li'llJ1::~lJ~L"UJ1::iUJ nfi1'l~fl \1flun~1 

30 f'i11::~lJ~1'" Lvi1nlJ 1 

4.1.1.2 "'11"l'l1J.JI'ffl~llfl~L~U~ Reverberation Time (RT) ~1n1rltl'l"''lU Lf'i~fl~;jflt)tI'IL~U~ 

SIA-Smaart Acoustic Tools ttl'lumfin1rltl'l~~d 

• n1"'lJtI'I'1~t)tI'I"'1 

• ~11l~~~Un1run1rlli'l ;;fl SIA-Smaart Acoustic Tools LLfl::'VlIi'l~fllJn1rVh~1lJ 

• ~~'UJtFl1tvllJlJ1L'lru"li'l~n1"'lJ(;l1t).,r~~lJ 9 '11i'l LLfl::~~~~ft1tYl~ L~flLi'llJ 

LL",fi~n1LijIi'lL~U~ lJ1L'lru"li'lm{~1lJ'~1~lJlJL'l~ 
.. , ..... 

• 'ltl'lFl1 RT LLfl::lJlJ'VlmJfl 

I" 
>-
L 

STAGE 



1.2 ,---------------, 
)()()()()()()()(X 

_ 0.8 +--------------1 
~ ........ . 
;;. 0.6 +-------------~ 
~ 
Or::: 0.4 +---------------4 

0.2 +--------------1 

A1 A2 A3 B1 B2 B3 C1 C2 C3 

Check Point 

--*-Maximum Preferred 
of Reverbration TIme 

• Minimum Preferred 
of Reverbration TIme 

• RT60 of SET 

Ll~WJi14.2 Ll~(M~flmrl'" RT60 ,xtl-lth~,).J 1'I.~-lL'iuU IJIfll"'Y1~nYlmtJLl~-lt.h~LYlf'l1Y1u 

LmuuLYiuunuf'h RT60 ~utl).Jfu1~ 
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m1Y1~I'1rulf'il~'lLlt.l'1f1'lI).Jntl~1!tl~L~U~ ~t)",1~ RT60 L~~mYhnu 0.94 mh'l~tl RT ~~~ 0.70 Ll~ 

UtltJn,:i1 1.1 'lU1Yi f'il'1~~u~1~ Lyi1nu 1 

4.1.1.3 zt.ltN'!Itl-l,xtl-lt.l'1~').J Shape Form m1Y1~I'1rulf'il~'lLlt.l'1zt.lh-l1!tl-l,xtl-lt.l'1~').J 

f'I . ~-lL'iUU 'YiU-Jl zt.lh-l1!tl-l,xtl-lt.l'1~').Jil~n1tru~Liju zt.l~{/I (Fan Shape) ~-l,rU fil'1~~U~1~ Lyilnu 1 

Fan Shape 
1hr.:i1.JN P'htfu 1 

NC26 ) 
Ii-nJtm'"'!.r = 1 -
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" , " 
~1\nrmvhnu 1 \nJ1U~'l1~~1 ii";1r.;~uvh""~1~i'I'" U.fl~ Shape Form ii,h~1"",rmvhnu 1 ""~1U~'l1~~1 

iivJVlN'1Ifl,nXfl~th~"p.J~L""~1~iUJ ~~Ju ujfl~~Pl~U.Uut~U1'l~LVhnu 3 ""~1U~'l1~~1 L{jU~fl~th~,~~ii 

I'TnU111Yi u.~~th~~Vlti111YiflfJ1u1~~U~mn 

;rfll;!~""flU.i'I",~",utJi1 'iVltJ1~tJ"lltJ1~~~~u ~ . ~~"'~ ~~ii'!lU1'" (nt)1~xtJ1'lx~~ ) 18x23x7 

Lilu~fl~tJ1~'~ L flum.h~i'I~ f'f~1 ;r~1""fu u.i'I "'~ "'UtJi1 

4.1.2.1 .. hLnru"L~m Noise Criteria (NC) vhmrl"'~'lu~tJnmr-r"'L~U'I Phonic # PM3 

t",um~mrllll,h ~~~ 
" 

• n1""u"''1'"n1rl''''h~~'''').J''' 9 '1'" 

• ~"'~~~tJmru u.~~lJ11'l"li'lflUn1rih~1U 

• ~",~~hJtPl1t~U 1U1~~U~'1Ifl~~Yf~ 
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J' ---1 _!'E 3":_ 3\ 
.". ; : ./. 

,.. .:' :; ... .. 



36~----------------------------~ 

35+-------------------__ ~----~ 

34+---~~------~--~~~----~ 

33+-~~~~--~--~~--~~--~ 

u 32~~------~ .. ----------~~~~ 
z 31+-----------------------------~ 
30~._~~._~~~~~~~~~ 

29+---------------------------~ 

28+---------------------------~ 

27+--,--~--r_~--,_~~_r--~~ 

A1 A2 A3 61 62 63 C1 C2 C3 

Check Poitnt 

• Preferred of N'oise 
Criteria 

• NC of PSK 

LLt-lWJiJ 4.3 ~CiI'lt-l~n11'lCil NC l_Itl~Ii'I'lCil'U(JI1 'l'V1tnflt.ll~i1tn'lfl~~U ~J.J~Ii'I~ 

LmtJuLYitJUrlul'h NC ~tJtl~ful~ 

n1m"'l11ru1f'i1~'l LLU1Lnru.,rL~tJ'l~t)Cill~ NC L~~mvhrlu 33LU'U1::~U~;:h~tJ'lrum'Uu1'Umn'l 

nfl1'l~tltlfJ1'U''l'l~'lLLPi 32 - 33 f'i11::~u~1~ Lvhrlu 0.6 

68 

4.1.2.2 f'i1fl'l1~ntl'l'!ltl'lL~tJ'l Reverberation Time (RT) vi1n1rlli'l"''ltJ Lfl1f)'lijf)t)Ii'IL~tJ'l SIA­

Smaart Acoustic Tools tCiltJmfin1rlC;\~'lil 

1. n1l_1'UIi'I,Cilt)c;\f'h 

2. ~CiI~'l~Un1nrn1rlli'l ~f) SIA-Smaart Acoustic Tools ~::'V1C;\i'lf)un11vi1'l1'U 

3. ~'l bJ tm t~'Uu1L'lru"'lCil~n1l_1l.1Ii'11 t)~'l~l.I 9 "lli'l LL~::~Ii'I~'l~1 hi'! L~tl LUl.ILL l_Ifl'ln1 Lijli'l L~tJ'l , , 

U 1L 'lru, r;)~1 off'l1l.1"l1'lUl.lL 'lYi 

4. t)1i'If'i1 RT LL~::u'UYint-l~ 



J' 
""./ ;' 

,: ./ 

52 52 3C 
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~~ 
-: ::::::::;:: .. --



1.6 op----------------. 
1.4 .... t=lI::::!!!!!!::::. ........ ~ 

1.2 +----------------f 
)( )( )( )( )( )( )( )( )( N 1+-----------------~ 

~ 0.8 +--------------~ 
~ ........ . 
0:: 0.6 +--------------~ 

0.4 +---------------1 
0.2 +-------------__1 
0+--r~--~_r~~,__r~~,-__1 

A1 A2 A3 B1 B2 B3 C1 C2 C3 

Check Point 

)( Maximum Preferred 
of Reverbration Time 

• Minimum Preferred 
of Reverbration Time 

• RT60 of PSK 

L1.tJw;)ii 4.4 LL~~_3tJ~mrl~ RT60 VlflLl.Ml_3~lJ.~11Ylm~tJ"lffi,Nfl~~U ~.uJ~~~ 

LmtJuLY1tJunu~h RT60 ~tJfl~fu't~ 

70 

m~"I11ru1,j1~')L1.U1fl')1~r'ffl_3'!1tNL~tJ_3 ~t)~1~ RT60 LYhnu 1.42 nri1,)~fl ~_3LLlJl 1.3 LLlJl~fltJn~1 

1.51lJ.1Y1 Pi11::~u~1~ Lyi1nu 0.6 

4.1.2.3 pJtN'!Ifl-3~fl-3U1::'ll~ Shape Form m~"I11ru1~hlJi')L1.U1pJtN'Ilfl-3V1fl ~~_3~lJ.lJi1 

1'Ylm~tJ"lffi1-3f'l~~U ~ .~~~~YlU~1 pJtN'Ilfl_3~fl_3U1::'ll~ii~mtru::d]lJ. pJ~~ (Fan Shape) ~_3,rlJ. 

,j11::~u~1~ Lyhnu 1 



Fan Shape 
• -./II .. 1 ,..,91:11\111 L II = 

NC33 
".,91:fi'\ltl-i = 0.6 

\oltlLl.~lI\~lIIt.!lJil1VltJ1iUI11ffi1~1'l~~U NC ii')1~1'nrmvhnlJ 0.6 \ol~1UI'l'l1~~1 iif'i11::"'lJLnru'rf 

L~u~rumt.!1t.!1::"'lJ"'~ ~:: RT iif'i1~1\ol,rmvhnlJ 0.6 \ol~1tJl'l'l1~~1 iiPi11::"'lJ"hfl'l1~r'ftl~n~'l1t.!~~1n 

~:: Shape Form iif'i1~1\ol,rmvi1nlJ 1 \ol~1tJfI'l1~~1 iipJVlN'1Jtl"~tl~U1::'~~L~~1::~~ "'~~t.! Lntlt1111 

fIl::Ll.t.!t.! tllltJ1'l~ Lvi1nlJ 2.20 ~~1U 1'l'l1~~1 djt.!~tl"U1::,~~iiu1::~Vlfilm'itl~1t.!1::"'lJYitll'LVh~t.! 

71 

.fftl~~~tl~lJ11tJ1tJ 208 f'lru::~C11tJ~tJn11~f'11Mlf '~1~~n1ru~\ol11VltJ1itJ djt.!~tl~ 

~1\olfulJ1'1tJ1U 1lIIul;fLflitJ~"tJ1tJL~U~ 

4.1.3.1 Pi1Lnru'rfL~tJ~ Noise Criteria (NC) ~1m'11I11~'ltJ~umrut)IIIL~U~ Phonic # PAA3 

1lIItJimm'11I11f'i1 ",~t1 
0-

• ri1\olUIll'lIIm'11I11Pi1";~~~1II 9,111 

• ~lIIi~f.jumru LI.~::I'l1'l~~tllJm~1"1t.! 

• ~lIIi~bJtMtvlu lu1::"'lJ~'!ltl~~Yf~ 



50 

45 

40 

35 

30 

~ 25 
20 

15 
10 

5 

o 

~~ 4.7 Llt\IMn'Ufhw~.l~'1~1'fi'I NC ,xtNU11t11El 208 f'tru!:t\mU~ElnnJ.Jf'l1t\l'If 

'1~1~~n1nrJ.J~11~El1~El 

-- -c:::Ib - -- - - - - - -
..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 

. . . . 
A1 A2 A3 B1 B2 B3 C1 C2 C3 

Check Point 

• Preferred of Noise 
Criteria 

• NC of room 208 

UJJWJjj 4.5 Llt\fi'I~~~n1rlfi'l NC ,xfl~U11t11El 209 f'lru!:t\mUI'IElm'1J.Jf'l1t\l'If "'l~1ft~m'nrJ.J~11~EJ1~El 

LU1ElULYiuunu,h NC ~uflJ.Jfu't~ 

72 



mn;"I1'1ru1f'h~'Jutl'1Lnru'VlL~£J~~1'~1~ NC ~~mvhnu 45 L;:h..l'1:;~u~ih~£J~11Jmt.l~1.fuJl~ 

mh'J~tltlfJ1t.1Lnru'Vl~~~ 36 ~t.lltlI'i1'1:;~U~U' Lvhnu 0.2 
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4.1.3.2 1'i1f1'J1).Jfitl~'1Itl~L~£J~ Reverberation Time (RT) lhm'11'~~'J£J Ll'litl~;:jtl1'~L~£J~ SIA­

Smaart Acoustic Tools LC;)£Jmfim'11'~~~~ 

2. ~~~~~tln'1nrm'11'c;) ~tl SIA-Smaart Acoustic Tools u~:;Y1"'eltlUm1Yh~1t.1 

3. ~~UJLmL~t.lulL'Jru'!i\~'h,..t.I~HvT~it.l 9 "l'" U~:;~~~~ihL'Vl~ L~tlLilt.lu"'f'i~ri1Lij~L~£J~ 

u;L'Jru"l!i\mf~1t.1~;~Ut.lL'JYi 

4. 1'~1'i1 RT u~:;,jt.llinc.l~ 

I ~~, I L... __ .. _:_._~_-, ~~VI~VI ·Hn IN 

ttl~ 4.8 Ufq!i\~m'1ri1"''I.III\'!i\1'1I\ RT LL~:;"l~~II\~>3fhLY4~ "'tl~U'11tJ1£J 208 ,..,ru:;fqcni1~£Jn'1'1)Jf'11fq~f 

"Il1"1~~n'1nr)J"'1'lYlm~£J , 



1.2...---------------, 

1 

~ 0.8 -i-------------......f 
~ ........ . 
;; 0.6 +----------------1 
~ 
ex: 0.4 +---------------4 

0.2 +-------------......f 

A1 A2 A3 B1 B2 B3 C1 C2 C3 

Check Point 
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)( Maximum Preferred 
of Revernration Time 

• Minimum Preferred 
of Reverbration Time 

• RT60 of Room 208 

Lle.JUIJil4.6 Llfl"''le.J~n1rl~ RT60 ~fl'lUnU1t1 208 flru~fl(11if"tlnn).J1'I1fl"f 'li1~'lm"nll.J~1'l'YlU1ftti 

LmtlULVltlurimh RT60 ~tlfl).JfulrX 

n11~1;j11ru1f'i1~'lLllh~'l1).Jnfl'l'!lfl'lL~tI'l ~t)",lcJi RT60 Lvhriu 0.96 n~1'l~fl RT ~'lLl~ 0.70 Ll~ 

Ufltln11 1.1 'l\J1Vl f'i11~~u~lrX Lvhriu 1 

4.1.3.3 tutN'!lfl'l~fl'ltl1~').J Shape Form n1~1;j11ru1Fi11Ji'lLltl1tui1'l'!lfl'lWU11 

tuh'l'!lfl'l~fl'lUntl1t1 208 ~~fl(11if"tlnn).Jfi'l1fl"f ,li1~'ln1nr).J~1'l'Yltl1ftti iiftm~tru~Lij\J tu 

~L~~tI).J~\J~1 ~'lt1\J f'i11~~u~1~ LYhriu 0.8 



RT 0.96 Sec. 
Ii, • .-,nn,r = 1 

Rectangle Shape . -~ ... fnh ,.\Jl'I l,. = 0.8 
NC45 

.nhi'\JA'l .. = 0.2 

pJ~ 4.9 n1nh::;U1tJ"h~rufl1~fl::;f:J~~ni4'lIfl,:jlXfl,:jtJnmtJ 208 ~ru::;~cntllJltJnnl.Jf'11~~f 

'~1~,:jn1nrl.J~11~tJ1~tJ 
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lXfl,:jtJ11tJ1tJ 208 ~ru::;~cntll1ltJn11l.J1'I1~~f '~1~,:jmnrl.J~11~m~tJ NC jj"h~1~l1ml'hntJ 

0.2 ~l.J1tJ~,)1~.l'l1 jj"'11::;~tJLnru"L~tJ,:jrumtJ1tJ1:::~tJ~1;(w1~ U~::; RT jj"'1~1~l1ml'hntJ 1 ~l.J1tJ~,)1~J':h 

jj"'11::;~mhl'l,)1J.JI'lfl,:jn,:j,)1tJ~mJ.J1::;~l.J U~::; Shape Form jjl'h~1~l1mYhntJ 08 ~l.J1tJm1l.J(:h jjpJ~N 

lIfl,:jlXtl,:jlh::;'Ill.J~~fl1i! ~,:j,rtJ Lilfl~M::;UtJtJ1~tJ1')l.JLl'hntJ 2.00 ~l.J1tJl'I,)1l.Jrj1 LiltJlXfl,:jlh::'Ill.J~jj 

t11::~~tim~fl~1tJ1::;~tJl'ifltJ~h,:jjjtlt1!~1 



tJ,,;I 5 

5.1 tJ".tt! 

5.1 .1.1 n11LftflnpJLl1J1J"IIfl-3,xfl-31.h':;'I1).J pJ1,)-3,xfl-3~L~).J'):;~).J"'l1LilU pJ~Cil(Fanshape) 

L rtfl-3"1 ') n~ n~ru:;"IIfl-3,xfl-3 ~.J1r-3"1:; 'W"IIU,)U nu L ~fl ~ Cil n11~:;~flUL~tJ-3 1Un11fl fl n Ll1J1J"'l ~fln L~tJ-3 
n11"11u')unU"IIfl-3~UU~:;~,)LViCil,)U ~-3Lilumn;,)~1tJn,)11~uuL~tJ-3~~ LCiltJn11";1~,r-3fl'-3Lilu 
iu1.TulCil~1flm1flfln Ll1J1J LVi Cil,)ULilU~'lU1 UfltJ"I:;,j'ltJ 1Un11m:;r.n tJ L~tJ-3~~~,) L~).Jfl pJl"l-3~ 1'l'l1 

~flm~tJ-3 ~fl pJ~L~~tJ).J4'lJlf~ (Square) pJ'l-3n~).J (Circular) U~:;'l-31 (Oval Shape) LVil"l:;~U~ 
'LIi-3nt)1-3 (Large cUNed area) "I:;LilUL"II(.JI1"l).JL~tJ-3Lilu,Cil 

5.1.1 .2 n11flflnLl1J1Jl1l'1vn-3n11n1:;"I')tJ"IIfl-3L~tJ-3 U~:;~Cil'1JL~tJ-3 l11tJ1U,xfl-31.h':;'I1).J LCiltJ 

1;{1~"l~Ll(.JIn~1-3nu1un1t'li'ltJn11n1::"I')tJ Ll~:;~Cil'1JL~m LCiltJ 211..1 3 ~'lU~,)U~,J,)"IIfl-3,xfl-3tJ1::"Il).J 

"I:;Lilu~u~~:;~flUL~tJ-3L~tJ-3~tJl.l).J~:;~t)U"I:;L;{,)~11J1L'lrun~,)-3,xt)-3tJ1:;'I1).J Ll~:;~n 111..1 3 ~'lU 

~1U~1tJ"IIt)-3,xt).:jtJ1:;'I1).J"I:;Lilu~u~ ~ III'1J L~tJ-3 L ~tlilt).:jnu 'llJ'1,x L~tJ.:j ~:;~t)un~1J dh).J1tin 
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--~------------

5.1 .1.3 flflnuuut~tJ"')U"l"H~tJ~rumu"'1ni\1l1'rHI.')~~tl).JmtJUtln U~::mtJLU~tl~ 

11 -'''' ~ ::. 41 1141
.. il 1::,).J rl1~ruLrltJ~rumUI;j1nmtJUtlnuu UtlnmUtlI;j1nn11tlflnUUUL ~tlntl1"11LVitlL UllU')U 

nUL~tJ~ U~')Ju ViU111::tJ ::YI1'lL Un11ri~ ej1U1Jfl~ L~tJ~ritlUn~~tl'l1l1::').Ji1 ",)1).J6).J~utfnu 1::~U1Jtl~ 

L~tJ~rumu~ Ln",tu'tJI1::£J::'Y11~~'lnfl1')vi1L~Lnll'ln11~"'iU L~tJ'l Ufl::i\::YftlUL~tJ'l ~ri'l~1UU~NrrU 

L~tJ~ lA'uW~i1"ri).JLiluu1L')run11'l ~1t:Ji\U1).J~rU1 .,~., 1;j1niiVlfiYi~1Jtl'li\mViU')~~tl).Ju1L')ru~tl~ 

11 ' .I,::' ... ~ ~.l' 41 :I 
1::').J1J11~1 Vln~1')).J1UU~1).J11(1~~1::~ULrltJ'lrumu~III).J1n(1~ +/-15 L~'IILU~ (Cowan, James, 

... k_ ". 1 .I .. 1"'" ~.j" 11 ~.l'..I ~ 2000:48) U~::tJ~~1).J11(1~'- I'ltl~flu1::ntlUVl~,)£J'l1).JflU1 ~nUViUYl~tl~ 1::,).J ~III r1,)ULrlU~rumu 
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'I . ".1 'I " ~ ~ ..J - J' .I~ 1l1U ~'U"'~'llJ1:;~~ ~""'1'l1J"l~1:;"'1JLriU'lnm'l'U'V1Ln~'II'U'"I1n1:;1J1JlJ11Jmm,.,mf'l11 LLft:; 

LfI~'l1.rt~Yl1"'1~~tln1N1'UlX~'ltl1:;~~1lXL"'~1:;~~ 

5.1.1.4 m~'nm11'Umffi~nLL1J1J~ti'llh:;~~~1",fuii"lnn~1J1W1U~1~Lf'l1~'l'llmUL~U'l 

LLft:;Un~Lf'I~'l'llmUL~U'l ",~nm1tfilu~'lltl'WLL(J1nIR1'l'"l1n~tiL~'UtiLL'U:;1'U;r1'l9f'U 5.1.1.3 ",1nLLIR 

ti'UU~~1~1:;~1J NC ~u~~ful!11~~1'U1:;~1J 30 - 35 ~1:;~1JL~U'l 38 -42 dBA (M.Oavid Egan. 

Architectural Acoustics (New York: McGraw-Hili . 1988:233) 

>-.. , ...... 
l1Ufl:;L~U"'(J11'l1 fiI'l'U 

5.1.2.1 ~'lLLtl~ilti'V1fiVfftl1l~m1f'1'l1J"~"N1)1l'i~::f!J~~n~ LLfl:;m1L1li'U'V11'l'll~'lL~U'l 

1l1u1'U~ti'ltl~~ Lffi'l~1~1J~n~f'I'l1~~1A''1! ~'l~ 

f'I'l1~~1~'1!~1~1J~ 1 ztli1'l'll~'llX~'ltl1:;~~ (Shape Form) 

f'I'l1~~1';CY~1~1Jfi 2 Reverberation Time (RT60) 
. 

fI'l1~~1';CY~1~1Jfi 3 Noise Criteria (NC) 

5.1.2.2 "I1nm1~mfiti'V1fil'iftIR1'l1 ~L~U'l;r~'ln1Jmffi~nLL1J1J~~'ltl1:;'l1~L~~~rN 

"lN1)1l'iL~U'l~~ ~'l1!11vi1m1~mfil1T'lLLtl111l1'l1 ~vi1m1~mfi~'l1!11u1Lm;r~~ftI1l1'l1 ~L~U'l;r~'ln1Jm1 

~~nLL1J1J~~'ltl1:;~~L~ti~fi'l"lN1)1l'iL~U'l~~ l!11LLn f'i1LnN.,rL~U'l~m~1:;~~n1Jii"lnl1~1Ji1'l1 (Noise 

Criteria. NC). f'i1f'1':n~n~'l'll~'lL~U'l (Reverberation Time. RT) LLft:; ztli1'l'll~'llX~'ltl1:;~~ (Shape Form) 

.1 'I _I - ~..J"'''.I ~ ~ 
~1lJ1:;n~1J ~'Umn.l1:;L~'U~N1)1"·HriU'l'V1fi1'11~'l"'~'llJ1:;~~ fiI'l'U 
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5.1.2.31um1~mnL~f)~1~'lutl1Yllfl:umnJr.:Li1ufhm1f)tmulJlJlXf)~tlr.:,).J~t'I~~~1Jif)I'JNJl1Yi 

L~tH~ ~ f1 f~~ ~n n mn Lf111::lf ~~mrl (;l ';1f)::~ ~ ~ n~ YilJt)1 iiYlfiYi~ 1 Um1f1'llJ I'J).J "l NJl1Yi L~u~ii~ (;It'l'lU~f)~ 

~'lutl1L1U~ft1~lJlJm.Jf1'l1).J~1~Ck! l~uri ~'lutl1YlL~m;rf)~rilJztlulJlJlXtl~tl1::').J lJi''lutl1YlL~m;rtl~rilJ';1 

f1'l1).Jnf)~'IIf)~L~U~ (RT60) u~::tJi'lutl1YlL~m;rf)~rilJLnN'VlL~U~ (NC) "I1mrU~~~1LnN'Vl~L~).J1::~).Jlum1 

tlr.:Lnu';1tJi'lutl11Jl1~1 ~::~h~1::~lJ~Lilu~'l~1'Ci'ln~"lNJl1YiL~U~~~ ~Ci'luutl~LiluLnN'Vl ~~~~Ci'I (0.0-3.0) 

1l'l~f1::uuu~1~futl1::Li1U"lNJl1Yif)::tj~~n~'tIf)~lXf)~tl1::').J 



8 1 

,xtl-3tl'1~'1l~~1~~1m'11'~1.h~d1'U~~ tl'1~mI1J~'U.l 2 ~')tlth-3 UtJi~')tlU1-3~jj"lruJ1TVH~tJ-3~tltJnr)1 

Pltl ~tl LL~~-3~'U~1<5Ylm~t.ll'lffi1-3f'1~~U ~~1~Ylm~tJ~~~~ ~-3jjUt1!~11'Ut4,)'U'!Itl-3 L~tJ-3n.Jn,)'U LL~~L~tJ-3ntl-3 

L~tJmnJfu~~ L~tJ-3'1tJm'U~tl ~1 'U '1~~U Ln ruorl'1tJ m'Utl1'U n ~1-3 ~1~1'1t1 ~1 L u'Um '1lJl1~ LL 'U,)Yl1-3~ n1~'Uc;l1 'U 

~~') ~'!Itl-3m '1f'1,)U f'J~ L~tJ-3'1tJm'U"I1 n'1~UUtlfutl1 m 1'11~ LLtJI L~tJ-3ntl-3 rl-3,)1'U"I~ tlftl-3~1 m'1LLnL 'lJ1'~"lntn'),xtl-3 

L~tJjjLL'U,)Yl1-3~-3d 

"I1nm'1n1~'U~Lnrum'UmnJ'1::d1'U~~,xtl-3tl'1~'1l~~~ u~::~~mrlc;l~m~~U1-31'U1'Unq~IJi')tlU1-3~ 

jj~m~'!Itl-3U t1!~1 ~1'UPI,) 1~ ntl-3rl-3,) 1 'U'!I tl-3 L~ tJ-3 1~ ~1 L u'Um '1"'1'U,) ruph f'I') 1 ~ntl-3 rl-3,)1'U~')tJ Ltl '1 LLn '1~ 

EASE 3.0 1~~ L~tJYl,,~tlU1'Hf\"l1'Uu'U')~,r-3~~-3f'1'U~~,r-3UUU~~iuL~tJ-3 Lc;ltJ~c;l~-3eJ1~1'U'!J'U11i1 180zl/~-3 

n1'1Yl~f\tlUn1'1~1'U')ru~-3n~1')1~~~~-3d 

Sabine Reverberation (Standard Tolerance) 
4 .00 

3 .60 

~------
3 .20 

2.90 

2 .40 

2.00 

1.60 

1.20 

0 .80 

0 .40 

0 .00 
62 125 250 500 1000 2000 4000 8000 16000 



62 125 

82 

Sabine Reverberation (Standard Tolerance) 
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f'i11'l'J1~n'l'J1UfI~fN"1n 2.0 ~U1V1 L~~~ 1.1 ~U1V1 ti~(:hLi]U';1~fI~fI'l~~iJfu~£J1.ULnru"~~ ~'lLtlULnru,,~ 

~~1~fum~~ ulJi~1~fu L~tJ'l~UlJl1ntitl~1~~ L~ 

5.1.3.2 uj~'hR'JUth'~1~fuur.:L5jU~ClJfl1~L~tJ'l1UYl(;l~~tJUr.:LijU ,x~-ltJ11mtJ 208 ~-lLtlU,xfl-l 

tJ11mmt'J1u ~1~ful'lru:;~t11ulJltJnn~f'l1f'llJlf ~~1~Ylm~tJ'~1f1-ln1nr ~tJ~1 ,x~-ltJ11mtJ 2081~~h 

l'l~uuuLyhntJ 2. 00 ujfl~ Lf'l11::1fLmtJtJL V1tJtJ';11'l~UUUt~-l ulJifl~n~~ lJi'JUU1L ~fl~1 UU'JYl1-lLumnJfuut'l 

~tJ~1 ijUt1I~1"1n NC ~-l~'J'U1~~tJ~LfW1~ ~-l,rU l'l'JnJfuUt-l1~tJtJufummf'l1l1tJLU,x~-l L~~-l"1n 

~tJ~1Ltluu~~'ln1Lij(;lL~tJ-lrumUfl1tJLU,xfl-l UfI~~(;l1fltJfl;~t~'lL~tJ'llJl1~'(;l1Ji1-l1 L~flL~~1'l'J1~djUl1U'JU 

nUL~tJ'lL,xntJeJ,r'l 

5.1.3.3 m1Yl~i'\fltJU1~L5jUL~fl~L"'11~,.fuU'JYl1'lm1ur'i'l~Ut1I~1~1~fu,x~'lLffiU LN~tJU'tJflL"lt11 

~'li'lfl~~ 16 ~ . 1 Cl.tJ1'lU1-1Jl11(;l n~ . 16 lJI.tJ1'lLl1f1'l fl . tJ1'l~~ " .f'l~YlnJ11m1 "1nm1U~U1tfl'lm"116~ 

tI1nM1~ru:;ijn11i'\fltJijYlmij~ufi 

"1nm11Jl1'J"r)~L~tJ'l~tJ~1ijf'h RT60 fl~~U1~~1ru 2.5 Sec ~'lLn~'L~tJ'lntJm1~1U'JruUYlUf'h~'JtJ 

~1Jl~'l1~'hur.:~1ru 2.6 Sec ~1~fu,xfl'ltU1~ 8 x 8 x 4 ~ . "1nm1~nM1ij4'tJ~tJ~1 iSfim1LLr'i'ltf'i1 RT60 

~1~fu,xfl'lLffiU~U1~ 8 x 8 x 4 ~. L~f'i1~L~~1~f'l~~1~fun"nn~LU,x~'l~~ RT60 ~ 1.0 Sec ,,~If~'l 

ur'i'l'D~'JtJm1nrrf'lIil~~;tJL~tJ'l~ij"16~ur.:aYlt~ 0.6 L'!!U Shredded-wood fiberboard , 2 in thick on 

concrete (mtg. A) ~1fl Heavyweight drapery, 18 ozi yd', draped to half area tJ1L'JrueJ,r'l~1ulJlN'~h~ntJ 

~tJ11tJ1tJ ffitJfI~ 0.40 'Dfl'leJ,r'l~'l~~~ 
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5.1 .3.4 L~tlLih.m1~~ .. l1"~~nm11t.lmffitlnutJtJr.J~.:j~~tlt.lL~u.:j~H1.t.m~l-JIJi'ltlth.:j ~tlUr.:~l-J 1'1 . 

tf.:jL~Ut.I ~.:j;i1Lilt.lm1Yl~~tltJ;rtlLVi",,1.:jlt.l~'lt.l~tl.:jtJVlll1~~1 L~U.:j~Ln~"1n,~rhLil~ 1 ,~i1f'1'l1l-J~.:j~~tN 

YJn 16 dBA ujtl1::U:;VmL~l-J~t.I 2 Lvht!t.I ujtlL11f11'ltJ"ll-J~l'Ivn.:jm1n1::'11UU~::m1~::Vftlt.l~tl.:jL~tJ.:j~ 

L~l-J1::~l-JU«'l L~U1'~1::~tJL~tWnnn~l-J~'ltl!.l1.:j ~~1~~~nYlfvttJ't"'r.J~~.:jO 

Point Soure. : ..a dB per doubling dist nc. 
80 • - - . • - T • --. ~ 1 

70 

nT1~u.~IMmffi "'''tlUlltl~ Lft!J~\itl.:nJ1:1)J 'f.lf~L~!JU 

H ad Room .5dB 
<60 
~ 
~50 ________________ ~~~~ ________ ~No~nn~~at~No~ts~'~~~1 
• :; 

i 
~40~ ________________ ~ ________ ~~ __________ ~ 

~ ::» 
~ 

30 

20 
s 6 10 20 30 50 100 
Distance (met ra) 

Ur.Jt.I1Jij 5.6 u~'Mm1~~Yltlt.l~tl.:jL~u.:jlt.ltl1ml'l ,xtl.:jU1::~l-J 1'1 . tf.:j L~Ut.I ~~1~~~nYlfvttf U1A.:jUr.:LYlI'ILYltJ 
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1'i1~(;ItNr.nnM1Vi~'W;:jm1~::~tllJL~U-l -6 dBA 'VJn1 2 LYl1'Dtl-l1::U::Yl1-l~L~).J;lJ L~tl;:jm1tltlnLLtJtJt)~~ 

'1hu 1lJm1~::~tllJ'Dtl-l L~U-lmU 1lJ,xtl~U1::').J 1'1. ~-l L~UlJLL~,)VitJrj1'!!,)U~ (;I m1~(;IYltllJ'IItl-l L~U-lfl~ L~~tl LYiU-l -3 

II 

5.2 '!I'ilLtI'U'ilU'U:: 

m1~mnu"4'u~1~C1I1lJmffitlnLLlJtJ,xtl-lU1::').JL~tl~h-lPl{w)1ViL~U-l~~1lJ",f-ld LijlJm11'l1J1'l).J 

1Ji') LLU1tJi1-1l1 ~;:jtlYlfiVi~ ~ tlm ffitln LLtJtJ,xtl-lU 1::,).J L ~tliltl-l rilJL~U-lrumlJ"1n ~mVi LL ') (;I~tl).J LLfl::f'I')tJ Pl).) 

L~U-lmU 1lJ,xtl~U1:').J L ~tlU1 e.J~m1'lr.ru).J1u1:tjn IfL -rtlJm1ih~lJ(;I LL lJ,)Y11-1lm 1tltln LLtJlJ~tlU1::').J 1,x;:j 

~mVitl:~~~nl~~ LLIJiL ;itl-ll"1ni:Hftl~1ri (;I1lJm1~m~nl-1fl1uu1:m1 rfj4'u;:j;rtl L~lJtl LLlJ:~1l-1fu~~~lJ h,,: 

~1m1~nM'H'lf-l~tlLU ~-ld 

5.2.1 e.J~m1Yl(;l~tltJt)~~ vr-l~1lJmffi::~tllJL~U-Il LLfl::m1~(;I'lJL~U-l~;:jmffi1-ltl-lln-l1lJ11U-l1lJ 
d LillJe.J~~L~).J1"1n~111 LLfl::;rtl~fl"1nIJi1-lU1:LYlI'l1lJ'Dru:~U1::LYlI'ILYlm11;:jt)~~~iiPlru~).J~~~ 
tl~).J1n ~~1).J11tlU1).J1U1:tjnlfL;r-l1lJ L~ ~1n L~;:jm1~nM1 L~lJf'I,)1).J~1~ C1I'Dtl-llm1tltln LLtJlJ~tl-ll 

U1:').J~~tl-lm1fj{w)1ViL~U-l~~LL~,) m1~h-lLL~fl-ll;rtlJJ~~1l-1fut)~"l1lJU1:LYlI'IL~tlLillJLLlJ,)Yl1-l1lJ 

m1U1LUtltln LLlJtJ l-11tlmru1LUH-l1Wiii "',)1).J~1 ~ C1I LL~::'!!,)UU1::LYlI'I'!!1~L~n).J1n).J1U 

5.2.2 m1tltlnLLlJlJ~L~m;rtl-lritJm1fl(;lL~U-lrumlJ~lJ L~;:jmffi1-ltl~n-lmnh::l-1U/ilVi~-l-l1lJ~ 
L~e.Jfl).J1"11nmffitlnLLlJtJLU~tlntl1"'11 l-1ffie.Jl!-l~tl-lU1:').J LL~:U-l~nfl1')n-lm11;rVi~-lL~U-l 

fi11)')'!!1 ~"1n ~~ (;I).J11;r~1lJ 1,xLn /ilU 1:~Yl fimVi~-l f!(;I~lJ LillJ~lJfi (;I1lJLL lJ,)Yl1-lm 1U1:l-1U (;IVi~-l-l1lJ 
~tlL;itl-l~n).J1n).J1u m:h')~tl l-11m11~M111;rL~i~tl-l'IJU1m~U-l~1l-1fu,xtNU1:').J l-11tl,xtl-lL1ulJL~ 

LL~,) m1U1L;r1L"i~tl-l,!!U1m~U-l~iiufl/i\mU1dhn-llUfl:nrj1 2,000 ~1wi":~1).J11tlfl(;l~-lL~ L~tl 

'Il')u~~m1j1h1::~rj1-1lU1:LYlI'IL~ LL~:U-l'!!,)u~/ilm'):t~n1fllJL~n~')u ~1n;:jm1U1Ltl1LLlJ,)Yl1-lLU 

tlfln LLtJtJ,xfl~ L1ulJ~1 L~i1.l u~: 1ft~yf,)U1:LYlI'IL~ 

5.2.3 mffiflnLLtJtJ,xfl-lU1:,).J 11~;:jL~Vi1:~fI-lL~U-lLYl1~lJ ~fI-lLL~-Il~rj1-lmu1lJl-1flU1::'Il).J, LL~-l 
~rj1-l~1l-1fum1LL~(;I-l, 1:tJtJ~fltl1L~lJtlIJi1-l1~1l-1fu,xtl-lU1:'Il).J , m1fltlnUlJtJ~).J).Jfl-l~1LLwl.i-l~,r-lri 

;:j"',)1).J~1~qj~1l-1ftJ~fl-lU1:').J l-1ffi~tlU1::').JL'!!lJrilJ ~-la-lL~fhd~,)lJLillJl-1).J')(;I~~'IJtl-l~-l~~tl-ll 
U1L;J1).J1tltlnutJtJn).JrilJ 
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~11J11l1l.l~ L~ m~fl':lIiU~ft~1fflI-l LAtJ-l Uft:::I'1'lI~~l.lf'l::: L Vifll.l 

'!Ifl-llJ1:::L VlI'I'lVltJ Uft:::"h-llJ1:::LVI f'I 

~IUn-lll.lflru:::n11~m1~-lU'l",i\'fl~u\A-l'llI~ L"'tJ,.,ru:::n11~m~-lU'l~i\'fl~L'4f)-lfl1ml'lUft:::LAtJ-l 

m:::YI1'N'lVlmf'llf'llJlf LVI,., Ll.l LflU Uft:::~-l U 'l",i\'fl~ 'l~ U~-li-lflru:::fllfn~mil'lllm1~-l U'l",i\'fl~ ~-l LAtN~l.l 
L~f)~n'\fiUft:::rilm.l"'~11Jl1l1l.l1:::~ULAtJ-l'!lf)-lU~~-lriILU"'LAtJ-l~~lfiry~-lLUl.lf'lIL~~";IL~Ln"'t!ry~l~ft~M 

YI1-l LAtJ-l~l.lUfl:::flru:::fllfn11~mr1 'l~ C;;1 L Ul.lm~~11rul ril~l.ltJI Uft:::tlnnJt-l ~11Jl1l'l.l1:::~U LAtJ-l"lln 

ml.lYn~l.l:::YI1-lUn Uft:::ril~l.lCII~11Jl1l1l.l1:::~ULAtJ-lLl.lthl.l~fl~fll~tJ ~-l~ 

1. ";1~11J11l1l.l1:::~ULAtJ-lLtJltJ~'l'ltl 
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tl1:::mf'lflru:::m1~m1~-lU'lClli\'f)~U\A-l'llI~ ~-lrilm.l"'~lmlll.l1:::~ULAtJ-lL"'tJ~'l'ltl'i:ClltJii 
~~nm1Uft::: L ~(Jj ~ft Ll.lmrufl-l ril.l~ftn1:::VlU ~ flm1 'l~Ul.l'!lfl-ltl1:::'III'11l.l 'l~~-lU1L 'l tuIlltJ Ll.lfl1 1'111 Uft:::mtJl.lfl n 

tl1fl11 ~-lm"l~'lI~~lfiry ~f) 

- ~11Jl1l1l.l1:::~1JLAtJ-lLtJltJ~'l'ltlLUl.l";11:::~1JLAfmil~tJ 24 'II~. ~fl-lu.hnl.l 

70 LtJI'ilLUft (Lfl) 

- ~11Jl1l'l.l1:::~1J LAtJ-l L"'tJ~'l 1tl LUl.l";11:::~1J LAtJ-l~-lfl tJI'!Iru::: LtJI'!Iru:::~~-l ~f)-l u.hnu 

115 LtJI'ilLUft (Lfl) 

2. ";1~11J11l1l.l1:::~ULAtJ-lLl.lriIU~fl~fll~tJ 
~1~fu~ItJ11l1l.l1:::~ULAtJ-lLl.lrill.l~f)~tl1~tJUft:::";I~11Jl1l1l.l1:::~ULAtJ-l~lnml.lYiI~l.l.-"'VII-lUn 

flru:::f)lfn11~mil'lllm1~-lU'lllli\'fl~'l~ril~l.llll";11:::~1JLAtJ-l~LUl.l~11J11l1l.l'l~ ~-l~ 
- 1:::~U LAtJ-l tl.lrill.l~fl~f)1 ~tJ Ll.l'!l ru::: tlll'!l ru...~~-l t l.lL'l ftl nftl-l1l.l~fl-l 'W Lnl.l 

60 LCII'ilLUft (Lfl) 

- 1:::~1JLAtJ-lLl.lrill.l~fl~fl1 ~tJLl.l'!lru::: LIII'!Iru:::~-lLl.lL'lftlnftl-l~l.l~fl-l 'W Lnl.l 55 LIII'iI L1Jft (Lfl) 

3. l.l LtJ1J1tJ LLft:::~11Jl1m1"''lUf'J~t!ry~ILltJ-l~ft~1fflI-lLAtJ-l 
~IUn-lIl.lI'lru:::n1~m1~-lU'ltJti\'fl~U\A-l'llI~ 'l1l1Jl1:::~Un~-lI'l'lI~~lfiry'!lfl-lt!ry~ILltJ-l~ft~M 

YI1-l LAtJ-l 'W~fltJ1tlnr)lt!ryW1 "''lI~LUl.l~M'!Ifl-l~-l U'lCII~fl~ ~1l.l~l.l1 L 'Ill.l ~fl~1fflI-lfllml'l ~ft~1fflI-l~' '1ft'! 

~-l ~ril~l.l~1'l~ 1.)1. l.ll.l LtJ1JltJ Uft:::~11J11m-m 1iJl.l1~-l u 'l ",i\'f)~'!If)-l'llI~ ~-l'" ru:::1l~l.lIJi11~ft-l~ ~ L~l.l'llf)1J t~ 

ril~l.lCIILUl.ll.lLtJ1J1tJ'!Ifl~1lLl.lm-mIiJl.lI~-lU'l",i\'fl~'!Ifl-l'llI~ ujf)1l.l~ 3 fl~m-nl.lfi 2524 ~,~fu~ItJ11m1Ll.l 
n1ru~u~ L ~f) L ~ LUl.l 'ltllJll~l.l LtJ1JIWiL ,xutJIt)f) LUl.lU l.l'lYl1~ Ll.ln11C;;1 L Ul.ln11 

l.lLtJ1J1tJUft:::~11J11m-mIiJl.lI~~LL'lClli\'fl~U\A~'111~ Ll.l~~~L~mriuLAtJ~~-l1~1'l1J1'l~Lfllfl'll~ 

~l.lt\:::LVifll.lH~'ltJriut!l.l ij~-l~ 



1. L+>l1",1,xih:;LijuuLl~::n!J",~.mJ Yi1::11'l1Utyty"iin!Jm::'Yl1(NU1::n1f'1Ll~::1::LUUUifflU>lPiU 

2. L1>l1(?1"'l.i,)U>l1U~i:j"'i.h~1um1f1,)Uf'l)J L~U>l Ll~::fI,)1)Jiu~:: L~flU ~1 L UUn111Jl1)Jn!J"')J1U 

flth>lLl'l1>l1'l1'" 

.1 .... 1. "..I , ..1..1 1: 'I" k ~. ! l:.!! ... 
3. uruut>lfl1U1~"'U1'Ylllfl>l"'U,)U>l1U'Yl mU'lllfl>l ~"'~fl"'Flrifl-l Ll~:: u-J'Il11lflUnU 

4. r11",U'" Ll~::U>l"'U 1ojf)J1lJ1131U1::~U L~U>l LL~::1'l,)1)Jiu~::L~flU 
5. 4'(?I1,xi:jn11~11'l~ lJl1'l~~flUL~U>l Ll~::1'l,)1)Jiu~::L~flU lJl1)J Ll",fi>lr11LU'" L~U>lLl~::thU'h>l1 

djUU1:;~1 
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6. Llrllll ufuut>l )J1lJl131ULl~::ijfin11lJ11'l"l~flUL~U>l Ll~::1'l,)1)Jiu~:;L~flU1,x~flMlifl>lnUm'):: 

LL') ",lifl)J Ll~::m~L,)~1 

7. ~,rU~'tU1,xUMLfln'llu~ri,)U11'l1n1~L~U'liffl>lfu1fl>l(:h iiFl,)1)J~1)J11ClLl~:;i:jLFI~>l~fl 

viu~lTu i:jri')U1Un11lJ11'l"l~flU1::~UL~U>l"l1nU1UYi1"'u:: 

8. L~UflLlU:;n1rllfl>lnU~Cl1U~~1tl11CU:; LllU )J"'1~'YlU1~U LN>l1U LNYiU1U1~ '1~'1 L~fl~(?IL~U>l 
Ll~:;1'l,)1)Jiu~:;L~flU 

9. r11"'U(?I)J1lJ11n1rllfl>lnUL~U>lrumu Ll~:;FI,)1)Jiu~:;L~flU~Ln(?l"l1n~mUU1:;nflUn1N1U 
, lL....1 .. .f 
nfl~n>l lIfl)J Ll'll)J",1fl1flClflU 

1 o. ~,rU~'tU ri>lL~1)J1,xi:jn11~m~nL~ULlYi+FI,)1)JI~>lnfi1,) 1,xU1::'lI1'!lU 



J OJ il 6U11'111tfln tl'lrfn11tlU1,j'U tfm tl'lrfn1mlimf 
OJ 

YfUYl L TIUJ1 U C\I~U 

iWLL,)II\t\'tl~U\-i-l 

fl\ol;!tlL~1n1 
J ~ 

1. YfU'YI~"t'l1\4nn~ 

-nfl1 'l1U 75 dB (A) 60 dB (A) .. 
70 dB (A) 50 dB (A) -nfl1'l1'l'U 

l' ..l .. 
? '\'lUYl'~'IlWL~tl'l 

mUUtlntl11'111 Ldn 55 dB 

Leq (24) 55 

dB 

-nfl1 'l1U 55 dB (A) Leq 55 dB (A) 50 dB (A) 

-nfl1'l~U 45 dB (A) Leq 45 dB (A) 40 dB (A) 

rnu lUtl11'117 Ldn 45 dB 

Leq (24) 45 

dB 

-nfl1-l1U Leq 45 dB (A) 

... 
Leq 35 dB (A) -nfl1'l1'l'U 

l'..J _ 
3 . '\'lU'YI'\'l10J'!1Unn~ 

-nfl1'l1U 65 dB (A) 60 dB (A) .. 
55 dB (A) 50 dB (A) -nfl1'lI'lU 

J ..J': .. 
4. '\'lU'YI'YIJltl'ln111'1'l1lJ"'llJ 

-nfl1 'l1U 45 dB (A) .. 
35 dB (A) -nfl1'l1'l'U 

l' OJ 
5 . 'r]n'\'lu'YI (24) 70 dB 

\UntHVI(;j - 1::i1uLftU,m~;Unft')~1'u-mn.3;:;u (Ldn) 

- 1::"'UL~U~"t)l~t)~ 24 il) UJ~~ijYtft~L~fJ~l1l~tHYitJULVh (Equivalent Energy 

Sound Level , Leq) 

90 



91 

Sound Transmission Loss Ui'l~ Sound Transmission Class ~1~fu~u~ 

TransmisSion Loss (dB) 

Designation Weight (lbItt;» 125Hz 250Hz 500Hz lK 2K 4K STC 

W1 55 34 34 41 50 66 42 

W2 100 41 43 49 55 57 52 

W3 121 45 45 53 58 60 61 56 

W4a 100 37 41 48 60 60.5 4!) 

W4b 100 40 44 55 675 70 54 

W5 120 48 54 58 64 69 62 

W6a 34 32 33 40 47 51 48 43 

W6b 34 37 36 42 49 55 58 45 

W7 79 46.5 44 46 52 54 56 48 

W8 21 .5 39 34 38 43 48 46 40 

W9 234 37 42 39 44 49 49 42 

Wl0 280 50 53 52 58 61 56 

W11 39 35 40 44 52 58 64 41 

W1 2 80 39 42 50 58 64 53 

W13a 26 

W13b 28 

W13c 29 

W14 10.2 34 34 31 38 39 45 36 

WI5a 6 21 28 35 42 45 41 39 

W1 5b 12 /7 37 43 52 56 41 

W16 62 36 36 40 47 52 45 44 

W17 134-15.7 32 31 42 41 47 63 46 

W18 13.4-15.7 32 37 42 48 48 63 46 

W19 13 .8 39 40 42 -11 .5 55 51 .5 46 

W?O 6 29 36 40 46 40 46 41 

W21 5.4 34 40 47 50 53 54 50 

~).n Stem, B and Reynolds, J S, MecbaOical aod Elecl[lcal EQuIQ[D!ml tQr .6~. 

Eight [dllion (New York' John Wiley & Sons, 1992) , P 1514-1533. 



Designation Description 

4'h-in.-tnick brick waif with ~J,'n . -thlck layer 
W1 01 plaster 00 each side 

W2 g-in.-thlCtl; brick wan with >'?-in.-thick layer of 
plaster on each side 

W3 

W4a 

12·in ·thick brick wall 

Double wan with 4 Vrin. -thick bnck leaves 
separated by a 2-in. cavity (WIre ties be­
tween leayes); V,·in. piaster on exposed 
sides. 

W4b Similar to W4a bUI no wire ties between 

the lea e . 

W5 

W6a 

W6b 

W7 

Double wall with 4'h·in. -thick brick leaves, 
6-ln. cavity (no lies); on exposed sides, 
'h-in. plaster on 1-Vi -thick WOOd-wool slabs 
mol1ared to the brick wans. 

6-ln hollOw concrete blocks COI1slrvctod 
with verueal monar /OInls sl8ggered 

Similar to W6a except wall p inted. 

12-10. wall made of hollow 8 x 8 x 12 in. 
and 8 x 4 x 16 in . concrete blocks 
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W8 

W9 

W10 

W11 

W12 

W1 3a 

W13b 

W13c 

W14 

W1 5a 

W15b 

W16 

:Hn. hollow gypsum blocks cemented to­
gether with ~-in. mortar joints; on each SIde. 
'frio . sanded gypsum plaster. 

4-in. hollow gypsum blocks cemented to­
gether with ~-in. mortar joints; on each 
side, 'kin. sanded gypsum plaster 

24-in.-thid< slone wall with 'k-io.-thick layet" 
of plaster on both sides . 

3-in.-thick SOlid concrete wall poured in situ 
in test opening. All surlace cavities were 
sealed WIth thin mortar mix . 

&-tn ·thlCk concrete wall with 'fr1n.-1h1Ck layer 
01 plaster on both Sldes. 

3!8-inthick gyp. um wallboard 

1/2-111 thick gyp. lllll wallboard. 

5 -1Il. thlck gypsum wallboard 

24-1n.-wIde panets constructe<! of 1 )( 24 
tn, gypsum core board otIse\ 1 'h in. at edges 
to form tongue-and-groove edge, ¥.-In. 
VInyl-faced gypsum wallboard laminated to 
both sides of core board. Panels Inserted 
Into two-piece metal floof' and ceiling tracks 
Gypsum to gypsum screws at V. and 1/. 
pomts along vertical edges 01 face boards 

2 x 4 in. wooden studs. 16 in. on cen ers, 
'h-ln. gypsum wallboard nailed 10 eactl 
side. All pints laped and "mshed. 

Similar to W 15a except a layer of lead, 2.95 Ib ft~ 

was laminated to each side of panel. 

2 )( 3 in, wooden studs. 16 in. on cenlers. 
staggered 8 in. on centers . attached to 
2 x 4 in wooden plates at ce···n~ ~..,. 

floor; 'h-in. gypsum wallboard oalloo I 11'1 
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W1 7 

W18 

W19 

W?O 

2 x 4 in. wooden studs. 16 In. on centers. 
o/ .. in. gypsum lath nailed to studs on both 
sides. lI'r-in. sanded plaster with white-ooat 
finish . 

2 )( 4 In. wooden studs. 16 in. on centers. 
attached to 2 x 4 in. wooden IIoor and 
ceiling plates, o/ .. In. gypsum lath nailed to 
studs on both sides, 'frin. sanded plaster 
with while-coat finish . 

2 x 4 In. WOOden studs. 16 In. on centers. 
staggered 8 in. on centers. attached 10 
2 x 4¥ •• n. wooden floor and ceiling plates; 
'h-In. gypsum wallboard nailed on both sides 
to studs. 0.9-;n. wood-fiber wool blanket 
stapled on the inside of one side of the wall. 
All JOints taped and finished. 

:W.-in. metal channel studs, 24 in. on cen­
ters. set into 3V.-in. metailloof and ceiling 
runners; V.-in. gypsum wallboard screwed 
to studs on both sides. All JOInts taped and 
finished 

2 'h-in. metal channel studs. 24 In. on cen­
ters. set in 2V:r-in. metal floor and ceiling 

W21 runners ; V2-tn. vinyl-coaled gypsum wall ­
board adhesiveJy attached and screwed to 
studs on both sides. All joints sealed wilh 
caulking compound. AlumInum batten strips 
screwed 12 In. on cenlers 10 gypsum board 
al joints. top and bottom fmished with alu­
minum ceiling and base trim. 2-m. mInerai 
fiber blankets huno between studs. 
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J11I"ltJ~')n fI 

tJ~n1~r) "'L~tJ-1 ,xtl-1U1:;'l.Jn~lJ ~,)tlti1-1 

~tlLL~ "'-1 "'~ffi'i ~YlmitJ ",ltJ1-11"l~~iJ lJ~1~YltJ1itJlJ~"'~ • 

Collage of Mucic, Mahidol University A 1 : Room Acoustics Testing 

0.0341 0.06s3 0.1024 

Ld: 0.018 s (6 m), -0.0 c:I3 
Lr: 0.036 s (12 m), -24.8 dB 
Ln: 0.158 s (54 m), -29.9 dB 

BAD 

% AJcons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0 .2 0.3 0.4 

Time (Seconds) 

Banet Broadband 

Relative T : 1.43 Seconds 
Relative Early Decay Time: 0.04 seconds 

Direct To Reverb: 25 dB 
Standard T (20) : NA dB 
Standard T (30) : NA dB 

Standard EDT: NA c:I3 
Clarity (50 ms): 4.22 dB 

STI=0.65 RSTI=O.64 

POOR FAIR GOOD 
277L 2.28S 

11.5 6.5 3.8 2.2 

4.22 

0 3 6 9 

O.64R 0.65 

0.5 0.6 0.7 0.8 

Collage of Mucic, Mahidol University : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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Collage of Mucic, Mahidol University A2 : Room Acoustics Testing 

0.0341 

Ld: 0.021 5 rr m). -0.0 cB 
LI: 0.038 5 (13 m), -22.3 dB 
Ln: 0.154 s (53 m). -27.3 cB 

BAD 

% Alcons 58.0 33.5 19.5 

C50 
-9 ~ -3 

STI 
0.2 0.3 0.4 

0.06a3 0.1024 0.1365 
Time (Seconds) 

Bane!: Broadband 

Relative T : 1.42 Seconds 
Relative Early Decay lime: 0.04 Seconds 

Direct To Reverb: 22 dB 
Standard T (20): NA dB 
Standard T (30): NA dB 

Standard EDT: NA dB 
Oarity (50 ms): 6.61 dB 

STr-0.75 RSTI=O.77 

POOR FAIR GOOD 
3.18L 2.385 

11 .5 6.5 3.8 2.2 

6.61 

0 3 6 9 

0.75 0.77 R 

0.5 0.6 0.7 0 .8 

Collage of Ml.Cic, Mahidol University : Room Acoustics Testil'G 

Created By Maple Solution Usil'G SIA-Smaart Acoustic Tools 

1706 

EXCElLENT 

1.3 

12 15 

0.9 1.0 
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Collage of Mucic, Mahidol University A3 : Room Acoustics Testing 

0.0341 

Ld: 0.018 s (6 m). -0.0 <i3 
Lr: 0.041 6 (14 m). -1 8.8 eEl 
l..n: 0.153 s (52 m). -23.4 dB 

BAD 

% Aicons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0.2 0.3 0.4 

0.0683 0.1024 0.1365 
Time (Seconds) 

Band: Broadband 

Relative T: 1.47 Seconds 
Relative Early Decay Time: 0.07 Seconds 

Direct To Reverb: 19 dB 
Standard T (20) : NA dB 
Standard T (30) : NA dB 

Standard EDT: NA dB 
Clarity (50 ms) : 2.68 dB 

STI;0.62 RSTFO.60 

POOR FAIR GOOD 
5.62L 3.065 

11.5 6.5 3.8 2 .2 

2.68 

0 3 6 9 

O.60R 062 

0.5 0.6 0.7 0.8 

Collage ~ Mucic, Matjdol University : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

0.1706 

EXCElLENT 

1.3 

12 15 

0.9 1.0 
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Collage of Mucic, Mahidol University 81 : Room Acoustics Testing 

0.0341 

Ld: 0.039 s (13 m). -0.0 dB 
Lr: 0.052 s (18 m). -24.6 dB 
Ln: 0.157 s (54 m). -29.1 dB 

BAD 

% AJcons 58.0 33.5 19.5 

C50 
-9 -S -3 

5TI 
0.2 0.3 0.4 

0.0683 0.1 
Time (Seconds) 

Band: Broadband 

Relative T: 1.39 Seconds 
Relative Early Decay Time: 0.03 Seconds 

Direct To Reverb: 25 dB 
standard T (20): NA dB 
standard T (30): NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 6.91 dB 

STI=O.68 RSTI=O.67 

POOR FAIR (',000 
266L 2.245 

11.5 6.5 3.8 2.2 

6.91 

0 3 6 9 

0.67R 0.68 

0.5 0 .6 0.7 0.8 

Collage at Mucic. M ahidol University : Room Acoustics T estirg 

Created By Maple Solution USlrg SIA-Srnaart Acoustic Tools 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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Collage of Mucic, Mahidol University 82 : Room Acoustics Testing 

Ld: 0.034 s (12 m). -{J.3 dB 
Lr: 0.050 s (17 m). -23.5 dB 
Ln: 0 .161 s (55 m). -28.3 dB 

BAD 

% Aicons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0 .2 0.3 0.4 

0.0683 0.1024 0.1365 
Time (Seconds) 

Ban(t Broadband 

Relative T: 1.40 Seconds 
Relative Early Decay Time: 0.04 Seconds 

Direct To Reverb: 23 dB 
Standard T (20): NA dB 
Standard T (30): NA dB 

Standard EDT: NA dB 
Clarity (SO rns): 3.97 dB 

STI=0.65 RSTI=O.64 

POOR FAIR GOOD 
259L 2.23S 

--
11.5 6 .5 3 .8 :.1.2 

3.97 

0 3 6 9 

O.64R 0.65 

0.5 0.6 0.7 0.8 

Collage ~ Mucic. Mahidol University : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0 .9 1.0 
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Collage of Mucic, Mahidol University 83 : Room Acoustics Testing 

-84.q 
-90.0 

0 .0341 

Ld: 0.037 s (13 m). -0.0 dB 
1.1: 0.049 s (17 m). -19.0 dB 
Ln: 0.155 s (53 m). -23.6 dB 

BAD 

% Aloons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0.2 0.3 0.4 

0 .0083 0.1024 0 .1365 
Time (Seconds) 

Band: Broadband 

Relative T : 1.39 Seconds 
Relative Early Decay Time: 0.04 Seconds 

DirectTo Reverb: 19 dB 
Standard T (20): NA dB 
Standard T (30): NA dB 

standard EDT: NA dB 
Oarity (50 ms): 4.88 dB 

STI=O.63 RSTI=O.64 

POOR FAIR GOOD 
3.70L 2.505 

11.5 6.5 3.8 2.2 

4.88 

0 3 6 9 

0.63 O.64R 

0.5 0.6 0.7 0.8 

Collage of Mucic. Mahidol University : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

O. 706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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Collage of Mucic, Mahidol University C1 : Room Acoustics Testing 

Let 0.066 s (23 m). -0.0 dB 
Lr: 0.071 s (24 m). -10.3 dB 
Ln: 0 .157 s (53 m). -13.8 dB 

BAD 

% Alcons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0 .2 0.3 0.4 

0.0683 0.1024 o. 
Time (Seconds) 

Band: Broadband 

Relative T : 1.46 Seconds 
Relative Early Decay Time: 0.03 Seconds 

Direct To Reverb: 10 dB 
Stmdard T (20): NA dB 
Standard T (30): NA dB 

Standard EDT: NA dB 
Clarity (SO ms): 5.03 dB 

STI=0.61 RSTI=O.62 

POOR FAIR Gcx)[) 
4.08L 255S 

11 .5 6.5 3:s- 2.2 

5.03 

0 3 6 9 

0.61 O.62R 

-
0.5 O.t; 0.7 0.8 

Collage of Mucic. Mahidol University : Room Acoustics Testirg 

Created By Maple Solution Uslrg SIA-Smaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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Collage of Mucic, Mahidol University C2 : Room Acoustics Testing 

Ld: 0.050 s (17 m), .{l.0 dB 
l..r: 0.059 s (20 m), -13.6 dB 
Ln: 0.162 s (55 m), -17.8 dB 

BAD 

% Alcons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0.2 0.3 0.4 

0.<X383 0.1024 0.1365 
Time (Seconds) 

Bane!: Broadband 

Relative T: 1.46 Seconds 
Relative Early Decay Time: 0.04 Seconds 

Direct To Reverb: 14 dB 
Standard T (20): NA dB 
Standard T (30): NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 4.70 dB 

STI:0.63 RSTI:O.64 

POOR FAIR GOOD 
3.31 L 2.39S 

11 .5 6.5 3.8 2.2 

4.70 

0 3 6 9 

0.63 O.64R 

0.5 0.6 0.7 0.8 

Collage of Mucic, Mahidol University : Room Acoustics Testing 
Created By Maple Solution Using SIA-Smaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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Collage of Mucic, Mahidol University C3 : Room Acoustics Testing 

Ld: 0.066 s (23 m), .{l.0 dB 
LI: 0.071 s (24 m), -10.3 dB 
Ln: 0.155 s (53 m), -13.8 dB 

BAD 

% Alcons 58.0 33.5 19.5 

C50 
-9 ~ -3 

STI 
0.2 0.3 0.4 

0.0683 0.1024 0.1 
Time (Seconds) 

Band : Broadband 

Relative T: 1.43 Seconds 
Relative Early Decay Time: 0.03 Seconds 

Direct To Reverb: 10 dB 
Standard T (20) : NA dB 
Standard T (30) : NA dB 

standard EDT: NA dB 
Oarity (50 ms) : 5.19 dB 

STI=0.61 RSTI=O.62 

POOR FAIR GOOD 
4.08L 2.55S 

11 .5 6.5 3:a- 2.2 

5.19 

0 3 6 9 

0.61 O.62R 

0.5 0.1l 0.7 0.8 

Collage c:J Mucic, Mahidol University : Room Acoustics Testirg 
Created By Maple Solution Usirg SIA-Srnaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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The Stock Exchange of Thailand A 1 : Room Acoustics Testing 

0.0341 

Ld: 0.018 s (6 m). -0.0 dB 
l..r: 0.036 s (12 m). -26.2 dB 
Ln: 0.154 s (52 m). -33.6 dB 

BAD 

% AJcons 58.0 33.5 19.5 

C50 -9 ~ -3 

STI 
0.2 0.3 0.4 

0.0683 0.1024 
Time (Seconds) 

Band: Broadband 

Relative T: 0.95 Seconds 
Relative Early Decay Time: 0 .04 Seconds 

Direct To Reverb: 26 dB 
Standard T (20) : NA dB 
Standard T (30): NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 4.31 dB 

STI=0.65 RSTI=O.64 

POOR FAIR GOOD 
277L 2.28S 

11 .5 6.5 3.8 2.2 

4.31 

0 3 6 9 

O.64R 0.65 

0.5 0.6 0.7 0.8 

The Stock ExchallJE! ofThailand : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

0. 706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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The Stock Exchange of Thailand A2 : Room Acoustics Testing 

0.0341 

Ld: 0.021 s rr m), -0.0 cB 
LI: 0.036 s (12 m), -20.2 dB 
Ln: 0 .151 s (52 m), -27.5 cB 

BAD 

% AJcons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0.2 0.3 0.4 

0.0683 0.1024 0.1365 
Time (Seconds) 

Band: Broadband 

RelatiVe T : 0.94 Seconds 
Relative Early Decay Time: 0.04 Seconds 

Direct To Reverb: 20 dB 
Standard T (20) : NA dB 
Standard T (30) : NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 6.67 dB 

STI=0.75 RSTI=O.77 

POOR FAIR GOOD 
3.18 L 2.38S 

11.5 6.5 3.8 2.2 

6.67 

0 3 6 9 

0.75 O.77R 

0.5 0.6 0.7 0 .8 

The Stock Excharge ofThailand : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

0.1706 

EXC£LLENT 

1.3 

12 15 

0 .9 1.0 
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The Stock Exchange of Thailand A3 : Room Acoustics Testing 

0.0341 

Ld: 0.018 s (6 m), -0.0 dB 
u : 0.038 s (13 m), -16.7 dB 
l..n: 0.153 s (52 m), -23.6 dB 

BAD 

% Alcons 58.0 33.5 19.5 

C50 -9 -6 -3 

STI 
0.2 0.3 0.4 

0.06a3 0.1024 0.1365 
Time (Seconds) 

Bane:!: Broadband 

Relative T : 0.99 Seconds 
Relative Early Decay Time: 0.07 Seconds 

Direct To Reverb: 17 dB 
Standard T (20): NA dB 
Standard T (30): NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 2.67 dB 

STI=0.62 RSTI=O.60 

PCX)R FAIR GOOD 
5.62L 3.066 

11.5 6.5 3.8 2.2 

2.67 

a 3 6 9 

O.60R 0.62 

0.5 0.6 0.7 0.8 

The Stock Exct-erge ofThailand : Room Acoustics Testirg 
Created By Maple Solution USlrg SIA-Smaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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The Stock Exchange of Thailand B1 : Room Acoustics Testing 

Ld: 0.039 s (13 m), .{l.0 dB 
Lr: 0.049 s (17 m), -24.3 dB 
Ln: 0.167 s (57 m), -32.2 ce 

BAD 

% Alcons 58.0 33.5 19.5 

C50 
-9 .0 ~ 

STI 
0.2 0.3 0.4 

0.0683 0.1 
Time (Seconds) 

Bane!: Broadband 

Relative T: 0.91 Seconds 
Relative Early Decay Time: 0.03 Seconds 

Direct To Reverb: 24 dB 
Standard T (20) : NA dB 
Standard T (30) : NA dB 

Standard EDT: NA dB 
Oarity (50 rns) : 6.68 dB 

STI=O.68 RSTI=O.67 

POOR FAIR (',000 

2.66 L 2.245 

11 .5 6.5 3.8 2.2 

6.68 

0 3 6 9 

O.67R 0.68 

0.5 0.6 0.7 0.8 

The Stock Exchange ofThailand : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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The Stock Exchange of Thailand 82: Room Acoustics Testing 

0.0341 

Ld: 0.034 s (12 m) • .{J.O dB 
u : 0.049 s (17 m). -21 .2 dB 
Ln: 0.158 s (54 m). -2B.3 dB 

BAD 

% Alcons 58.0 33.5 19.5 

C50 
-9 oS -3 

STI 
0.2 0.3 0.4 

0.0683 0.1024 0.1365 
Time (Seconds) 

Band: Broadband 

Relative T: 0.92 Seconds 
Relative Early Decay Time: 0.04 Seconds 

Direct To Reverb: 21 dB 
Standard T (20): NA dB 
Standard T (30) : NA dB 

standard EDT: NA dB 
Clarity (SO ms) : 4.02 dB 

STI=0.65 RSTI=O.64 

POOR FAIR GOOD 
2.59 L 2.23S 

11.5 6.5 3.8 2.2 

4.02 

0 3 6 9 

O.64R 0.65 

0.5 0.6 0.7 0.8 

The Stock Exchange of Thailand : Room Acoustics Testirg 

Created By Maple Solution Usirg SIA-Srnaart Acoustic Tools 

0.1706 

EXCELlENT 

1.3 

12 15 

0 .9 1.0 
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The Stock Exchange of Thailand 83 : Room Acoustics Testing 

0.0341 

Ld: 0.037 s (13 m). -0.0 dB 
l.r: 0.048 s (16 m). -17.5 dB 
L.n: 0.147 s (50 m). -24.0 dB 

BAD 

% Aloons 58.0 33.5 19.5 

C50 
-9 -6 -3 

STI 
0.2 0.3 0.4 

0.1024 
Time (Seconds) 

0.1365 

Band: Broadband 

Relative T : 0.91 Seconds 
Relative Early Decay Time: 0 .04 5econds 

DirectTo Reverb: 17 dB 
S1andard T (20): NA dB 
S1andard T (30): NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 5.09 dB 

STI=O.63 RSTI=O.64 

POOR FAIR GOOD 
3.70L 2.50S 

11.5 6.5 3.8 2.2 

5.09 

0 3 6 9 

0 .63 O.64R 

0.5 0 .6 0.7 0.8 

The stock Exchange ofThailand : Room Acoustics Testing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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The Stock Exchange of Thailand C1 : Room Acoustics Testing 

I 

-84.~ 
-90. a 

0.0341 

Ld: 0.051 s (18 m), -0.0 dB 
LI: 0.062 s (21 m), ·18.3 dB 
Ln: 0.147 s (50 m), ·23.6 dB 

BAD 

% AIcons 58.0 33.5 19.5 

C50 
·9 -$ ·3 

STI 
0.2 0.3 0.4 

0.0683 0.1024 0.1365 
TIme (Seconds) 

Banet Broadband 

RelatiVe T: 0.98 Seconds 
Relative Early Decay Time: 0 .03 Seconds 

Direct To Reverb: 18 dB 
S1andard T (20): NA dB 
S1andard T (30): NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 5.37 dB 

STI=0.62 RSTI=O.63 

POOR FAIR GOOD 
2.94 L 2.31 S 

11.5 6.5 3.8 2.2 

5.37 

0 3 6 9 

0.62 O.63R 

0.5 0.6 0.7 0.8 

The Stock Exchange ofThailand : Room Acoustics Testing 

Created By Maple Solution Using SIA·Smaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0 .9 1.0 
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The Stock Exchange of Thailand C2 : Room Acoustics Testing 

Ld: 0.050 s (17 m). -0.0 dB 
LJ: 0.066 s (22 m). -12.2 dB 
Ln: 0.158 s (54 m). -17.8 dB 

BAD 

% Alcons 58.0 33.5 19.5 

C50 
-9 ~ -3 

STI 
0 .2 0.3 0.4 

0.0683 0.1024 0.1365 
Time (Seconds) 

Banet Broadband 

Relative T: 0.98 Seconds 
Relative Earty Decay Time: 0.08 Seconds 

Direct To Rewrb: 12 dB 
Standard T (20) : NA dB 
Standard T (30): NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 4.82 dB 

STI=0.63 RSTI=O.64 

POOR FAIR GOOD 
3.31 L 2.39S 

11.5 6.5 3.8 2.2 

4.82 

0 3 6 9 

0.63 0 .64R 

0.5 0.6 0.7 0.8 

The Stock Excharge ofThailand : Room Acoustics Testirg 

Created By Maple Solution Usirg SIA-Smaart Acoustic Tools 
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The Stock Exchange of Thailand C3 : Room Acoustics Testing 

I 
-34.0 
·90.0 

ld: 0.066 s (23 m), .{l.0 dB 
Lr: 0.078 5 (77 m), -8.2 dB 
Ln: 0.157 s (53 m), -13.2 dB 

BAD 

% AIcons 58.0 33.5 19.5 

C50 
-9 .a -3 

STI 
0.2 0.3 0.4 

0.0683 0.1024 o. 
Time (Seconds) 

Banet Broadband 

RelatiVe T: 0.95 Seconds 
RelatiVe Earty Decay Time: 0.08 Seconds 

Direct To Reverb: 8 dB 
Standard T (20) : NA dB 
Standard T (30) : NA dB 

Standard EDT: NA dB 
Clarity (50 ms): 5.03 dB 

STI=0.61 RSTI=0.62 

POOR FAIR GOOD 
4.08L 2.555 

11 .5 6.5 "3:8 2.2 

5.03 

0 3 6 9 

0.61 O.62R 

-
0.5 0.6 0.7 0.8 

The Stock Exchange ofThailand : Room Acoustics Tes1ing 

Created By Maple Solution Using SIA-Smaart Acoustic Tools 

0.1706 

EXCELLENT 

1.3 

12 15 

0.9 1.0 
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