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## 5374190425 : MAJOR ARCHITECTURE
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SURIYA MUANGPRACHA: DESIGN TECHNIQUES TO PROVIDE SOUND
QUALITY IN SPHERE . ADVISOR: ASSOC. PROF. VORASUN BURANAKARN,
Ph.D., 78 pp.

The advancement of technology. And demand for energy efficient buildings.
The building shapes up. Spherical building is a building that is effective in saving
energy. The building is a circular area with a low usable ratio. It can save energy in
buildings. The cost savings to the building envelope. The building is circular with a
problem with the building as well. The sound quality is found in the circular building.
The resonance condition. This leads to problems in the implementation and
communication between people inside the building. The building was not used to full
capacity.

This research aims to identify factors associated with better sound quality inside
the sphere. The behavior of the actual sound inside the sphere. To analyze the process.
And design guidelines of the sphere. In order to the better sound quality.

The results showed that calculated from the formula. Reverberation Times
= 0.161 (V / Sa) can be used for building a common edge. It does not apply to the
circular building. The value of the formula is different from the actual measurement of
the circular building 18 meters in diameter and Reverberation Times has calculated that
at 3.6 seconds, but the Reverberation Times from the actual measurement values in the
range of 3.2 to 6.8 seconds depending on the location of the measurement. After
redesigning to the interior wall surface the Reverberation Times improve to 1.2 seconds,
which is suitable for use as classrooms and seminars.

Factors associated with better sound quality and volume inside the spherical
shape of the inside of the building. Surface materials within the building. Position of the
sound source and sound volume. These factors are indicators the volume of issue in the

sphere building.

Department: Architecture Student’s Signature

Field of Study: Architecture Advisor Signature

Academic Year: 2011



naenssNUsznA

Ly

Aneniinusaiildn Sagaakananuganvdetes 1e.s.9d0ueT Yrouantayatt
a1 Aneninug waz A.AT.4UNT YTYTYIBNIT SINDNAUNANIETENIIAUYERYN
ynufineelfAndinm AUl LaNNNIIIINIUAREARLLLIANNARRNS T1nNgTi
Aneninufauil PPLRET ST I Fu 11 yneu prenauiSanimeIunngie

Yy a A 4 = ao = A A & - o A Ao o
ANANTRINAN mefmﬂuﬂ’]mfwmuumfa\‘lmﬂL‘]Ju@\‘iﬂmﬂﬁ\lgwug’mwm UUBILUININNIT

AAszitiayaluanudde

a o o dy ] o < % o a dl v6 ¥
mm@muumﬂum@mLi@immﬂﬂmﬂmnmmumwumnma?m umn ‘1/]1@1‘1/1

o o

AMATuALY Aomviadly Anwdinla Nfluiidalalunisioniide seveunnNeunli

o o Aa \ = o A o ao o &
ﬂ"l@\ﬂﬂ LLﬂzmﬂ‘ﬂﬂUﬂmnﬂj QUV]QJQQU?QNSLUTY]?Q@HLL@%WNWHWWNWIH\T]HQ@H‘T]UH



v
Wi
LNAALBNNEVINIE ..o N
LNAREBA T VEINGE ..o g
ARBNTTHUTENVF. ..o D!
AT 113 OO OO g
ZA T u 1AW LT o OO TRURTRT ™
BNTUTTUNII . oottt al
ANTLIEUMRIIH e 7
dl o
LINT 1 LTIt 1
1.1 ANTIUNUAZ AN VA TUTBITIUIIY .o 1
1.2 ARQUIZAIATBINITANE ..o 3
1.3 WALUATBINVTANEFY ..o 3
1.4 TETUTBNNTANE oo oo 3
1.5 U TN A AT L AT e 4
1.6 REUUAZAIANAAANTABATBIALNAUINE oo 4
= oo oo %
VNN 2 NANTUALINUARETAEATAT .o e 5
dd‘a/ Q‘I o dl =l
2.1 NOYEYAUFVUNEIALARUREN .ooeeveeriereeeeiiieeeeeeeeesseeeeeeneeseereeesessee s 5
2.2 QUIUMATHAAATURZN ... 26
2.3 asflsznavlunnsnaliifaamun WAas AN ETUNANT e 28
all ada o a a o
UNN 3 ABANTUNNTIREL ..o 31
B ABNNIANENIRE oo 32
3.2 UOULAATAINVTANIEVUREDRE ..o 32
3.3 FULLUNTIUANENTUNITINE oo 33
3.4 MAFULFVUIVHEDLA ..o 35
3.5 LATAIR AT TUNNTIRE ..o 34
3.6 NI IUUALINEUTIN I IUNITUTERURA oo 39

UM 4 BANTTTRATIEITOIA oo 38



4.1 uansnnsideyauasiadesiieneasdesivanindeslueinimeananann

PO WAZLTPAVTHBINT e 41
a o a = dIQ dﬁl o 1 a =8
4.2 HANNTIATITUNGANITNIDUALANATUINNNNITAANGTIRNNTUANEA ........ 43
4.3 uan17eanuUUUFUU3 TReWmUNIAINNATIATIET oo 63
dl a o a 4

UNN 5 @3UNANNTINE BAUIIENAUATTBLAWBUUY oo 70
5.1 BALTVEIHR .o 70

5.2 BTUBANTITVRY 1ooooerieeei s 73

5.3 FBUAWBIWY 1o ooooooieeieeeiseeess s 77
PURIMNTENIEN oo 78
UTEARTUINENTNUE oo 79



A9UTYA159

F199N 2-1 ANANLsZANEN19ATUREIBITARTUAGINT oo

F19NN 3-1 UAASANTEALIRENNUUTMNNzANTLAN NSO

519199 4-1 uansAnnsgaduidenaasiulasiniuaiaoumiinngu 48k maumWT 25 mm



ANFUTUNN

2

o o [ =

)~ > oA A a =
NIV 1-1 LAAINTINNITHENDULRIALILNBARNNTENTNU AONNANBOUSNUNILTHL............

~ > o v o _ddo & Aoy o
AN 1-2 LAANNINNITRENAULBNLAENLNAANNTENLNL VRN NMUENURLAAN. ...

2

v o [ %

o y o o & o oy

NN 1-3 WAAININNNFATTIDUIBARLUNBANNIENUALIRNRAN HusNWRRTAIW. ...

AN 2-1 UAPNAIUANATYTRIAAUIALN LAAINITANARU LNANIIEALAZIENFD ............
o y o

DA 2-2 LABNNNIAETBUTIBUREN. ...t
dl % =

NN 2-3 LAANNIANIIIRUREN. ...t
dl d’l a

DNONT 2-4 WAANITREAUUIONUREN ... oo
dl dl a o o

N 2-5 wapaniafideanszane U TUANEUENIINaN. ...
~ =~ o o o = 9

NN 2-6 ULARAENUAZANAIANNALIBNRENIAEIBUENA . ...,
A a4 = o ~ o A o

NN 2-7 LARANIALNE AN MUAAANANNUUAIAUTALREN ...

AW 2-8 LAAINITANUIANN NI NUBUREITLTEEIZNNG oo

%

NINT 2-9 UARIAIINITITDIARAENTIAN IUEFUTe T 2 Anwoue A Nemes

WAL IR AW LN R

NN 2-10 wARNILINLRIARUAEN (Wave forms) 21999UNI0lLATEINDUALIATENALAT

DI 2-11 WAASAIUUTENOUBBN . oo
dl s al dl o

NINA 2-12 NFUAAILIIINGNITIVBURLINTENUAIL. oo,

NN 2-13 WARNNIINTLAANIZ AN IBAENINDANNIENUNURIIUIL. ...,
4 - Y

NN 2-14 UAAINITATLIANRENIRTUAB. ...

NN 3-1 UAASTIANINTDALNANUNASA AR ENBLLTA I AAUINAINTBINNAN. .. ...

AN 3-2 LA A TR AR ATV RGN oo

NN 4-1 uaasgLuiienA1Insenas N 1 Tun193ae

NINA 4-2 uapsunsEAHUNNIRRFianaatUIRNeNAae LAY lHAINN1 RN ILIL

NINT 5-1 UAAINEANITNIBUALIANUNASANTARENRE LTI ALENANITBINNAN

o



CRELITRTE
2
N1
aa ) A o Py sa a = g
RUNN 2-1 LL@@\‘]ﬂ]rNﬁrJWNQVINuEFTLuQﬂWWQﬂﬂﬂu Lmemawmmmmmmmummm....17

ANRRAEN an 2-2 LL@@Q@’]?“’@‘ULWHQM’N"] ‘VmﬂL’]@‘VH9

WHUAHN 2-3 LARINIINNIIAINTINTNITTUAAINIUTIIALN (Noise Criteria, NC)24

WHUNHN 2-4 LL'&mwmmmmmﬂmmmmmuumyiﬂLmumi‘lﬁmu AN 500
AE 1000 BT oo 28
WHUAHN 3-1 LLzﬁmmﬂﬁﬁﬂﬁmﬁﬂmmmwﬁL?Qmslul,wi@:mmgm 1sznaudng ABC......35

WHUARN 3-2 WanenI9IRATTNeSIUaFETUINT. .. 36



unn 1

UNU

1.1 anailuniuazanudraaaiiom

flaqiiuaninzuanienuazaninainiazastantblasundadld danasldnaaanu

Tuanaaifluanuanilandenasioaniaziandeuninamaaanuguusstuy nlinseanuuy
o < b4 ¥ o o dl o o a L8 1
arsadusiasliirnudidnyluienislessndandsenn aannisiigainudn  gunseves
apailusoulanilsinasieFuininislindsnulueamalenBauiauiueiaisninug
Wagewiniu Auduanmamianmliviueimsiiginasluey Gegnesnuuuiieaniui
A ¥ d‘ ¥ ! ¥ o v o
wWaanearsuariBunuaniaunaziiinganmsliimunzaniuaninianfenuasansne

n19ldeuresenns slunureseIntsglununilengnimuiaui e Wimunsiuaninay

4 El

k4
A ¥

% o A g aa 9 = 'y
winaaNluilaqiuaseiatrsnifiuniotesuazidnsalAnan 11e9a1Ne1A1IN UL
o , LA A o A gy ° ! = < |
ansndausudeiunilaanataisnunuinliass luaiansaindngunseaun medanase
Arrnannsnlunnslszudanasaunganan M lidugluuuniiaulaluniseaniuy
21A17 luilaqii

09/J ] =X a 4 o 4
N1398NULILIANANIHNAIHATNAUN NIRRTt TWALAe Fu JauazuflaiToymn

1% = v o & dl 1

NAUAUN NI AEen e lue Al TaN A LN 1 E9Y TUANFN9RINN1381ANT
=
PRILIENRZRLIEN

NGRS
*

v
o o I~

A o a A o Ao a A
AN 1-1 LAASNINNITRACNAULRIALNINARANNTENUNU IF]Q‘V]?:J N TUSWUNILTEL

111 : Michel Barron, Auditorium Acoustics and Architectural Design, 1933:21



wasEaA L da e

1\

[ % [ %

A ) = A o A & A oy
NN 1-2 BAANNINNITASNAUADILALNINARNNTENUNL AN ﬂHszHNQIﬂ\‘]qu

11 : Michel Barron, Auditorium Acoustics and Architectural Design, 1933:21

URASATL I AEN
*

[ % 1%

A o = ~ o aa & A oy
NINN 1-3 BAAINTINNITACNAUUBILALNINARANNTSNLNU AN ﬂmeWHNQIﬂQHu

11 : Michel Barron, Auditorium Acoustics and Architectural Design, 1933:21

o

angUfiuuuazuansliiuiedaneiznsAunedeiennnsznuiuiadng

q

geazilulimnng yusnnszny (Angle of incidence) aziipwinAuyNaziian (Angle of
Reflection) fiiatiudiszisannuglaeinseannns anemurnisliuaeiainns firnia
-l

PAIAUNIDALALS AaznUI1a A Tanandvn B uaanuuulagn1sAT LA iTadlde

14 ¥ a 4‘4' 2 ¥ (<1 1
AILILLA %mmﬂcymLa‘mmmzﬁzw@umu@mmﬁﬂ



1 v

dl = a a K 1 o 1%
aniTyuBesnun NI @RI uaTNUIN AnwueglnslRsnanTa$91Ag
Huanunlifieprsnimatiauacisniseanuuy kazdsuilyn Beudesiiuinzanse
dll v v = dld A 1% 1 IS
sUnzsaesanng e lilinmunindasnislueiansia uazarnnsnldeanslietnei

1s=@N5NIN

1.2 JpgilszasArainisAnen
o a9 o % = < = o a o aaa
1. wg e iladeNinedeaiunIsasNauIedden  NHKATLINAAMAINALNNAN
NAINIANIILNTINIINAN
=® a al dl a d” a
2. AnwngAnssNvetd@eniintuaanfeluanAssLnIenan

3. wuamatanseanuuuLliuilannismssnas Widaun widasnieluim

1.3 T’ﬂULmﬁ‘Hﬂ\ﬂﬂ'\iﬁﬂﬂq
= a s o A o a a = o
1. ANELAZILATIZY FALUINRNANY NANINNITIALNINABAALN NI1TRZVIAUIDY
a o o & ) ~ o o &
bARIN ﬂﬁi@m%ULmﬂd NITLAARADA NI UURILALIN LL@zﬁ‘:ﬁmULﬂﬂﬂWUﬁqu N

N A o ~ | o
NIUANEN M UBIATNINNAN LL@zﬂmuqﬂmq\iﬂﬂu

1.4  SLLUaUENITANEN

o dl dl ¥ 1 Y a a dld = a o
1. nedauilaseningLad Iuﬂﬂﬁ‘ﬂﬂmﬂMmazmqmmwm’mm‘ug JMUIAE

[
b4

a A
waziandsnineaded
2. fiumusndeyauazinssing AnssNeeudesiinauaInnI9dnANas9aIN
=]
NITUANEN
3. eanuuuliulgs  TaewmwianNadAzd Tssaumndeyanieinu adein
dl v 1 v a al dld a
Nendeslunisieliiinan1nemadesianalueimimsanay  wazdsziiuug

ZQﬂ”]‘WV]’W\‘iLaH\?ﬂ’WHeLu@’WﬂWT



15  dselagunlasy

1.

linaudAtyesifadesrendinasioaniozniadasnn ueinisginsansg
nay

dinlangAnssunisiAunisresdesanunasiuiinies uazainnisasfioues
e a2

@enriuienasminiatu lueassdnsamenay

a o = tzlld
kN ﬂuﬂm@@@mmuﬂ@uﬂgq ATLNIN @enantgluanAmanay



2

QJ

RANLNUINDY

un

) D

LANAITHASINUY

o

2.1 MuJNUFUINEINLARULEES
2.1.1 ANUNEUDILALN

= @ 4 a < 2 a o a A o ~ A
AeNLTUAALE AT GINLﬂ@"\Wﬂﬂ’]?ﬂuﬂglmﬂuslu@’]ﬂqﬂu?‘ﬂWQﬂ@q\ﬂjumﬂu’] nnTg

duazineuazinaWidewilyludnanaiindu  Aantanisduzesiuianaazauiuiy
4

a 1 = o [ o dl . . dl
NAN19raInILiaa9dne  duliluaniRraanaunINeng (Longitudinal Wave) <NARAL

dglo [<1 4 o o 1 dl = 1 dl o dgl a IS 1
pngatadusiasandasananelunasiu LHANNTONENDAARLAINANUICHNTEANEY

] 1
X o =

109l1ANA89IRE Teanaaninaansaziiiuaecuds aadwan visafinafill Feuniannu

q

v
o

1 al 1 %
31 TugeyrynAdidesasiiuld e

a tﬂl al dl a oI/ v o a al :// o U
naieAaudasluainie dfnainnisduaesfiuniiindasniy azinliluanaly
a d4 A ! ! P P ~ o a
ANANANITIAARUT (7837 Wave Motion nnspasuluirednauazi 2 aneoe A Tu
o A \ o - = o . o A = \
anuurilugaedn visean1AiNITNARY (Compression) LWASANHOLLT 2 A T34 B8E
(Rarefaction) anwauzsaasiinailurauntaanllsey pdrafunislauiuagldluianiay

(-3 dl 09/ ' ¥ o dl 1 dgjcz rdl = ! a
UAAUABIUN LLN@@ﬂiﬂﬁ‘@Uﬂ’]u @ﬂwm:wnmqumuﬂmngmaﬁmm bILTENDT WRNNAJA

(Amplitude)
4
Comprassion
Amphitude Ima. pressure) f 1
T
¢
E [\ \ — Armoapheric presjure
3 I 7
E - i . ; —
Rarefac tion [min, pressure)

Time

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

NNA 2-1 UAPSAIUAATYTDIARUIALN LAANNITANARY LNANNTEALAZEINEISA

111:M.David Egan, Concepts in Architectural Acoustics, 1972:3



TunIn? 2-1 napanisgamaiuiiafamanuldwieunauaadtin Walaufiuaalil

o Y a [ % . . 1 dl 2 a 1
P NANNIEA (Compressions) Lazn197U818 (Rarefaction) TN UBIAAULUAILTILTENIN

LANNAYA (Amplitude) UBNNAGA UNNBRNTTEYNIINIzdU (Displacement) NHANINTEA

Anuanaa lldidunauieietnau asuedie Ae wennagadusauanaiunae

'
o

PAIAALULLEY BUANNAGANITUGS  LAAITTNAIIUTBIARUNAININ UAHILBNNA]AR

a

o dl IS4 P a dl = =2 o ' a
NANTUINANUITHANUDE N?ﬂiﬁ]ﬁl’] LANNAIAUDIAQULALNLAANDNAITNAN ABE UBILALIN

1
(%

) = < A A o a o , A
AUAIMNENIUBNAAU (Wavelength) U ﬂ'ﬂ?ﬁﬂg‘vm\‘]'ﬂlﬂﬂ\jLﬂquﬂ1ﬂ1m1UTQQanqu ANAN

Asu 1 sau Tnevinld1dduanenl A (Lamda) uwnuAanuenaAdy

2.1.2 Auantfrawdesiiingdasnunisiatdymaasdasnigluainisns

nay
1. NNSALNBUADILALI
- HNANNITNL = YHATiaY
a = % A = ¥ ¥ '
- FIANI9AAUANNIENL LEWLRINLASTIAN I ARUAT TiauAaag W
SLUNLLAEINNL

WuLU9N

Fedlmnnszny Fdazviou

A http://www.neutron.rmutphysics.com

A Yiou

AN 2-2 LAAINIFELNAUTDILALIN



3. NMSUNINADAURILALS

NalAHaAAWIAES BIUNINNINLTY azifan1779:86 7wl uaaA NE LY

AANN99INANIULLLLATNAY LAZNITPINANLLLLENANA

4. NISLAYILLULDILALI

a A A 4 Ay s o = o
- Nallana AR UNNILAIN AT TUAINA LAY

Original Waves Diffracted Waves

1 v
NN 2-4 LAPNITLALINLLIVAUDLA LI

A http://www.20thcenturyvoice.com

2.1.3 AINLSIUDILALS (SPEED OF SOUND)

AYINIFI2B9LAEN (SPEED OF SOUND)AENaNN9nAun191dEaineiu
wad Bmun19lng 186,000 lud sladuny Tywnasnisfuiadasialuvelszaulug) vise
Tnvazasiazldifalu win1sidunsaesmdudasusazaadiiuininliinailyuianiuunlu

Fesreinsiiau lugnmnidnfvestiewiorll @esazimuniglfidomiesis 1130 Wasia

(% '
a K

AW LAZAINIRATURAD NNITANITASTIAUTIAUAENYTE Echoes 11LaY FAatinlTy

A o4 a Y o o = A o a o o o 4 o Aa o
WHALALNANABNANNAUNNUATDIALN ARULALLNALTIY 2 ANL AD ﬂ@uL@ﬂQVIQQM?QW’WH

o o o o

Y [ P ¥ o o = o = ¥ .
ﬂ;ljﬁx? ﬂ‘]_lﬂ@umﬂdﬂ’]ﬂﬂﬁ‘t@’]ﬁlﬂﬂﬂ@’mmuﬂ%uﬂ"ﬂﬂ\‘]L@ﬂﬂiﬂ@ﬂﬂ@ﬂﬂ’]ﬁﬂ@%”’]‘ﬂ@ﬂﬂ@ﬁ P NN

q
A o

< A A A o = o o v Y a o & 4 o o PR
NANY WU UTBLATRNLTRU LL@'JG\]\?ZQ:?V]@uﬂ@ULmqﬁﬂiﬁﬁ@ﬂwuuq ARALLRANANB U 2 U ARG

oy fpdutiBadingyadindnpaudasdssinnusniiies 0.058 3w Aazifiadeafias



b
=< o 1 o

wisadenariaulisarauyiiu nnsduia@asasigmin arafamnuduaulu@eanlfauls

U

:/j 3 al X = o o 1 o dld
LW?’]ZZ”?IZLMWJ’WNL?’J“ll‘ﬂ\‘lLZQE\V"NNﬂQWN@Wﬂ@NWﬂW@ﬂW??UW\‘M@

> Direct sound wives

OO0 Sound waves reflected off ceiling, floor,

<

= N

L"I'-urruuo Thgp

# Room with no acoustecal treatment

i P Loy wvalis g Icllllilm]J

o

= P A4 o A ry o =
NN 2-9 uanIANITIBaIARIA S lUgEFUNN W 2 Anwour Ae N9RIe waYNIg
aziaulinau

11 M.David Egan, Concepts in Architectural Acoustics, 1972:26

2.1.4 MslagudesaInyue

'
o o 1 A

4 o4 Aa o o ~ <
ﬂ@ulf&ﬂ\‘icﬂLﬁquQNququL?quu @ZQQ-E”]’] AN-ARE ﬁ?ﬂiw L?qu‘Wﬂ\ﬂﬂuu

v
o 6

=X | ¥ % al 09/1 % 1 a o o 1 J %
1UaE uasAlsznaulating LLZ\]E,’L?'WL?HGL@LZQENH‘L&VL@@E’]\']LL‘J‘ M‘;Nﬂfﬂmﬁqﬂfy@ﬂ’]\ﬂﬁ‘ﬁlﬂﬂ’]ﬁ‘iﬁ

a = 09; = o o 1 dy o
EIULALINUBILT @‘ﬂ\‘iN’W‘NI@W\‘l"L@H\?"Q’mWQQﬂH?ﬂﬂiﬂu@jﬂ?U

ARWAENITIAAINNTIEAUAZLENETBIAINA N19EATENeTazdeste | il

=2 12 1% ! ! o [ 2 o 2
aunspaasflsudadesialidsanasluglaasssdindes AuAs wazqunIwIasdns Ine

v
= o

ANNBLALNIUN FE A AN

= =

Unfigaua lasian1sfuiaeaniAnngeNINng AN AN

N )

v =3

v
Wiadeawiniy wanaindaoulasanisiuidenaasaudavag fuang Inanudand
o = P =~ Y : | ya o =
ANgAN e slatasmnndgannnndnglugaanlasenislfitiudesassnuazanasiiienis)
dal da’n/ 1 1 ya = % dl a ] Vo
NNAU wananganudanlasiants IREwAe azanasfaamspu o Bndu nslAsy

Hadaedsnninulihiiuszezinaiuiu o visearnnisldanuneiin



\ T 7
Y

- l
X%
3 5
’«f /ru:.wwk
b4 g
53 ok it
e Tomarzsagiunnefigeiuiy

faudssnauendy

vogandm

NN 2-11 uanedaullsznauneay

N http://www.20thcenturyvoice.com

(% ]
| o

v ) ¥ % = o
/RN ALLINUIENaLANY 3 @91 |/LG’WLLﬂ VIUUaN ﬂ?ﬁﬂ‘ﬂU@QﬂIUHsﬁ\‘mt‘ﬂ’]

v Ao A o P f = o A 9 < 2 ] < <
RUINTUAAULRAENLLAY mNWﬂﬂlﬁl’]Mﬁﬂx‘iuﬁumwuLH@LLmWﬁ\mu?zWJN‘I@uu@ﬂLL@::WIJ

a u

na"9 douidedae yiunane Aansnsiiiuinsseiniangnuaneanainyduueniaeitiauiio

a [ % ! o

s @ PR I LAy o ° oy o
wlemany nIzan 3 mUL@ﬂjWL?ﬂﬂm@ﬂULﬂuIsﬁ AR AR N LL@%Iﬂ@u NINUINTU

=b.

Y

o 2 = | P Y o o S 2 o
LL?Q@H@ZLW@ULL@&?JEI’]EIL@ﬂﬂﬁ]'ﬂ’aﬂﬂLﬂ@LLﬂQHLL@Q@GW@iﬂﬂQM Tl UBNANUNYTUNAINEN

u

v
a

dl dl 1 o ! dl 1 o o v dl o
NVI‘ﬂ%’&L[§]L‘]J?;Iu‘V]mﬂ1ﬂﬂﬂ’&'ﬂuuu°ﬂ’ﬂﬂﬂﬂ‘ﬂmﬂﬂﬂ I‘Wi‘\‘i"ﬁ;ljﬂ VI’]MM’W]?SUWH@’]ﬂ’]ﬂﬂ’]HiMH‘ﬁu
! dl A :/J v o ! A ] dl o £ dl dl o ya
NANN AIUNATNAR uﬂu‘lu tsznausiaadeag 2 491 Aa muwmummﬂmnumﬂmau

Huedenzgives nelulaesmasuazimaruiiiuimiudesainnszgninauluydunany

a a

o ¥

wda wilavifludyyralszanndaldasdszainy (Uscamanasgn 8) denniinnds

o

Aryryrnudszamildvanaaiautlanaunungresnauides uazaaunnivinninauanng

[

VPN

dl = a qI/ o dl [ 4 o a a o Y o
Wasanideainaainnisduaesingmilusunitiades waslunsmi lidmg

q

o

1
o Y A o P A

Auioalinaseu "HnasanunlEdAunn weunaqanasnisduazlAiunn ustianassnunli

o

Hentier wannaqaaaenIsduaziiaAfias” waseulunisduaesfiuniiindasazaaleu

v
v v = o

Wirueuniareseiniaseiuiunenc iy Aliufagianisdu §reasiufideii

a

yva 3 d} % = & o o A v o a al
ﬂqﬁ‘imﬂuﬂ?\iﬁu\jj qzmﬂqm'ﬂ\iﬂﬂﬁzﬂﬂU@qﬁm 3 152n19 Aa ARNLRALALN
o o o ya = o = 9 a -
mQﬂ@qQLLﬂzﬂﬁzmqVI?UL@ﬂﬁluu mmgiﬂﬂul,@ﬂ\jﬂu\?ﬂ ﬂ’]qﬂgﬂﬂiuﬂq?i@ﬂum@\iﬂuwﬂ

Tnevialy ueneenifludneniesine Al



10

o

1. ANNGANAY-ABLLRAUALN TUAEAULANNAYATBIARULATAIN
k4 a
BIEAGHIN

v
'

v KR 4 = =K o dl a
2. AMNIANNH-LUANTDILALN TUBENUAITNONUBILALN

3. Andlwiszaaades AuasfUANINIALN

u Q

nslfiduananywe mmﬁﬁmﬁuumﬂ%ﬁu (Audible  Frequency) azH
AaNaE lutiag 20-20,000 Hz (Fsnd) deeiinysdlalfBuasilinanudidaeiigandunysdsy
el (Ultrasonic Frequency) iui@esiilaanud 1anndn 20,000 Hz daieafifainuam
ndnyanedldEu (Infrasonic Frequency) SlAana@AINgn 20 Hz Geyresdniuneaia ity

LU AR F1

Wavelength in Feet & Inches

] @ [ [ -
£ ] = w w w ~=
~ w s - -~ -~ - —
MG o o 9 b L) - L) A % q
1 ) )
e ¢

Fréquenqes Used to Calculate NRC Ratings

| |
) VLD s (s
Hearing Range for the Young
| i .
i L
Hean;ing Range for the Oldl

!

|
E : | : | | "

—_— v ——
1 | Speech Range|

| 1 ) | |

Piano Range

i il

Home Stereo Range

Acoustical Lab Test Range

=W @ = s v = ru ~ [ 2w
o e w N u =] =] =] =] =] o N
e o o =] =] =1 =] =] =

S =] =] =] =28

SO

Frequency in Hertz (Hz)

a

i~ . i o PN Sd a o d.
AANRRAENNY) 2-1 LL@m\ﬁmm’]mmugmﬂmﬂmmimﬂu LAZAIMHANNATNLATRIAURATFI N

un: http://www.20thcenturyvoice.com



11

7
= =

7ALLALNNUF1U(Background  Noise) nuneDesraLLdeadninieludie
= Aoy s o a A o o A y
wree1A17 Turnendeldfdasannuuasiniingu uinseAudasingiunieludiaedinnn
nul azinliironaiuisalunnsiudviseninuidinlatiesacllson Tnanisnisnazidnla

o P < o o Y = o P o o
PAAIMHUDILALNNAIHIUNIUY LRENANNUNUNIYALFABINAIINAININNIVIANTZALLARIN

D

fugueeneiies 15 dB seALAeNUgIuTAzAwAnAaiuauegiuszianni sl

99

£ =1 1 o
Hawiraaranssnee il
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2.1.7 sEAULALNLIAN (Weighted sound level)
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A Cowan, James, Architectural Acoustics Design Guide, 2000:20
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2.1.8 N19AANAULAEN (Absorption of sound)
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AN : Cavanaugh. J Willaim and Wilkes, Architectural Acoustics Principles and Practice, 1998:37
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F19N 2-1 AdNLlszAnEngadudeaesianTtingine
fu: M.David Egan, Architectural Acoustics, 1988:32-33

SOUND ABSORPTION DATA FOR COMMON BUILDING MATERIALS AND
FURNISHINGS

Sound A P Coefficient NRC

Matenal 125Hz 250 Mz 500 Hz 1000 Hz 2000 Hz 4000 Hz Number *
w*‘l-ll L]
Sound-Reflecting:

1. Bk, unglazed 002 002 003 004 005 007 005
2 Bock, unglazed and panted oo oo 002 00 002 003 000
3 Concrete, rough 0.0 002 004 006 008 0.10 cos
4. Concrete block, panted 0.0 005 006 007 009 008 0.05
5. Glass, boavy (large panes) 0.18 006 004 003 002 002 005
6. Glass, ordnary wndow 0. , 0.2 0.18 012 007 004 015
7. Gypsum board, 1/2 in thick (naded 10 2 X 4s, lﬁn ,Rf/

/o 005 004 007 009 005
oc) .

SGypumbwd,lhvu.SISmM(thuI} ossg_ﬁ/ 008 004 012 013 010
35, 16 n oc with arspaces filled with fibroes )f —

insulstion) S e
S Constructon no. 8 with 2 layers of 5/8-n /) 012\ 0.10 007 013 009 010
gypsum board / S

D01 00 001 002 002 000
002. 002 003 004 005 00s
009 0.07 005 005 004 005

10. Maxbie or glazed sl
11 Plasier on beck
12. Plasser on concreme block (or 1in thek

13 Plaster on bith v.0d4) 010 006 005 004 003 005
14 Plywood, 3/8-n paneing [ ! 022 017 009 010 on 015
15 Steel 4 /010 (010 010 007 002 010

005 007 01 0.13 017 010
242’"02: 010 008 006 006 010
19, 014 009 006 006 005 0.10

16 Venetian binds, metal

17 Wood, 1/4-n paneling, with arspace

18 Wood, 1. paneling with arspace

Sound-Absorbing:

19 Concrete block, coarse s et 0, on 029 039 025 0.36

20 Lghtweight drapery, 10 0z/ye. flat on wall IM N 003004 on 017 D24 03% 015
Sound-reflecting at most frequenciet:)

21 Medumwesght drapery, 14 m[y@,gﬁ*ﬁ"”—w—m—‘gﬁ 0.7% 070 060 055
{1e., 2 ft of drapery to 1 ft of wall)

22 Heavywesght drapery, 18 oz/y#, W 072 070 065 060
23. Fibarghass fabrc cunan, 8 1/2 oz/ 032 M 083 039 076 055

ared [ Note: The deeper the arspace behnd the drapery
(up 10 12 n), the gr the low-4 v

absomuon. )

24. Stweaded-wood fiberboard, 2 in thick on concrete 015 026 062 094 064 092 060
(g A} .

25. Thek, fitrous material behnd open facng 060 o7 082 0.80 060 038 0%

26. Corpet, heavy, on 5 /8-in perforated mneral fberboard 037 041 063 085 096 092 070
with arspace behed

27. Wood, 1/2-0 panes g, perforated 3/ 16-n-dametor 040 090 080 050 040 030 065
holes, 11% open area, with 2 1/24n glass foer n

avspace behnd
Floors '™ 'V
Sound-Reficcting:
28. Concrete of \errazzo oo oo 0.02 002 002 0.02 000
29. Linoleum, rutber, or asphalt tle on concrete 002 003 003 003 003 002 005
30 Marbke or glazed tile om oo oo oo 002 002 om
31 Wood 015 on 010 007 006 007 010
32. Wood parquet on concrete 004 004 007 006 006 007 005
Sound- Absorbing:
33 Carpet, heavy, on concrete 002 006 014 037 060 065 030
34. Corpet. heavy, on foam rubber 0o8 024 057 069 on 073 055
35 Carpet. heavy, with impermeable latex backng on foom  0.08 027 039 034 048 063 03%
nbber
36 Indoor-outdoor carpat ’ om 005 010 020 045 065 020
Ceilings'® * ' 1
Sound-Reflecting
37. Concrete oo oo 0.02 002 002 o 000
38. Gypsum board, 1/2 n theck 029 010 005 004 007 009 008
39 Gypsum board, 1/2 i thick, I SESPENSOn system 0.15% 010 005 004 007 009 005
40 Plaster on lath 014 010 0.06 005 004 003 005
41 Plywood, 3/8 n thck 028 022 017 009 010 on 015
Sound Absorbing:
42 Acoustcal board, 3/4 n thick, in suspension system 076 093 083 099 099 09 09%
(meg E)
43, Sheedded wood fiberboard. 2 in thck on laywn gnd 059 051 053 073 088 07 065

(meg E)



dl ' a Qr o = o a ] '
A9 2-1 AdnsrAnanisgadLideNae9ian Tiasne (fe)

fu: M.David Egan, Architectural Acoustics, 1988:32-33

Sound Absorption Coefficient

NRC
Material 125Hz 250Hz £20Hz 1000 Hz 2000 Hz 4000 Hz Number*
44 Thin, poraus sound-absorbing material, 0.10 0.60 0.80 0.82 078 0.60 0.7%
3/4in thick (mtg. B)
45 Thick, porous sound-absorbing matenal, 2 in thick 0.38 0.60 0.78 080 078 0.70 0.7%
(mtg. B}, or thin material with airspace behind
(mtg. D)
46 Sprayed cellulose fibers, 1 in thick on concrete (mig 008 0.29 075 098 093 0.76 0.75
A)
47 Glass-fiber roof fabric, 12 oz/yd? 0.65 on 0.82 0.86 076 0.62 0.80
48 Glass-fiber roof fabric, 37 1/2 oz/yd® (Note: Sound 0.38 0.23 017 0.15 009 0.06 015
reflecting at most frequencies. )
49 Polyurethane foam, 1 in thick, open cell, raticulated 0.07 o.n 0.20 0.32 060 0.85 0.30
50 Paralel glass-fiberboard panels, 1 in thick by 18 in 0.07 0.20 0.40 0.52 060 067 0.4%5
deep, spaced 18 in apart, suspended 12 in below
ceiling
51 Paralel glass-fiberboard panels, 1 in thick by 18.n 0.10 029 0.62 1.12 133 1.38 0.85
deep, spaced 6 1/2 in apan, suspended 12 in below '
celing
Seats and Audience!'-57. 91
52 Fabrc wel-upholstered seats, with perforated seat 019 0.3/ 0.56 067 061 059
pans, unoccupied
53 Leather-covered upholstered seats, unoccupied® 044 0.54 0.60 0.62 058 0.50
54 Audence, seated in upholstered seats® 039 057 0.80 0.94 092 087
55. Congregation, seated in wooden pews 0.57 0.61 0.75 0.86 091 0.86
56 Chair, metal or wood seat, unoccupied 0,15 0.19 0.22 0.39 038 0.30
57 Students, informally dressed, seated in tablet-grm/chairs 030 0.41 0.49 0.84 087 0.84
Openings 917
58. Deep balcony, with upholstered seats 0.50-1.00
59 Diffusers or grilles. mechanical system 0.15-0.50
60. Stage 0.25-0.75
Miscellaneous > % ™
61. Gravel, loose and moist, 4 in thick 025 0.60 0.65 0.70 0.75 080 0.70
62. Grass, marion bluegrass, 2 in high omn 0.26 0.60 0.69 092 0.99 0.60
63. Snow, freshly fallen, 4 in thick 0.45 075 0.9 0.95 095 0.95 090
64. Soil, rough o5 025 0.40 055 060 0.60 0.45
65. Trees, balsam firs, 20 fi2 ground aréa peree, 8 ft high  0.03 0.06 o 0.17 027 031 015
66. Water surface (swimming pool) 0.0l 0.01 0.01 0.02 002 003 0.00

*NRC (noise reduction coefficient) is a single-number rating of the sound absorption coefficients of a material. It is an
average that only includes the coefficients in the 250 10 2000 Hz frequency range and therefore should be used with

caution. See page 50 for a discussion of the NRC rating method.

tRefer to manufacturer’s catalogs for absorption data which should be from up-to-date tests by independent acoustical
laboratories according to current ASTM procedures.
tCoefficients are per square foot of seating floor area or per unit. Where the audier~e is randomly spaced (e.g.,

courtroom, cafeteria), mid-frequency absorption can be estimated at about 5 sabins per person. To be precise,

coefficients per person must be stated in relation to spacing pattern.
§The floor area occupied by the audience must be calculated to include an edge effect at aisles. For an aisle bounded
on both sides by audience, include a strip 3 ft wide; for an aisle bounded on only one side by audience, include a strip 1
1/2 ft wide. No edge effect is used when the seating abuts walls or balccny fronts (because the edge s shielded) .
The coefficients are also valid for orchestra and choral areas at 5 to 8 ft? per person. Orchestra areas include people,
instruments, music racks, etc. No edge effects are used around musicians,

fiCoefficients for openings depend on absorption and cubic volume of opposite side

Test Reference

““Standard Test Method for Sound Absorption and Sound Absorption Coefficients by
the Reverberation Room Method,” ASTM C 423. Available from American Society for
Testing and Materials (ASTM), 1916 Race Street, Philadelphia, PA 19103.

Sources

1. L. L. Beranek, “‘Audience and Chair Absorption in Large Halls.”" Journal of the
Acoustical Society of America, January 1969
2. A. N. Burd et al., “'Data for the Acoustic Design of Studios,”” Briish Broadcasting

Corporation, BBC Engineering Monograph no. 64, November 1966.

18

3. E. J. Evans and E. N. Bazley, ""Sound Absorbing Materials,”” H. M. Stationery Office,

London, 1964.
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RT =0.161 V/A
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(Egan, 1972)
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