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threshold of hearing N 10-12

SHoYl Goradly Laddey tiguall dalina joban oo @l Gigall lads Gotuny Dguall Bud Jiey:Y,) Jouz!

QMM)ALQJ



:Sound Field & guall (5o :Layl

(R Badais ¢ gl
Ghe JSa3 Y A3y 3 of (K JSy (ol e Taay) porall slsdl 8 Bale bog,adl oda Gudas .aguall
Siozy Wb £ o Lo oSy 38,001 oy palaiad S Slgual] S (ated cus anechoic room &giall

Reverberations Jb s o 9 3aumie olawlKail ¥y S35

T T T A A T AT AT AT AT AT A Vs

Free Field %

=
ocC

&

)
£

NI TN PN NN NN TN NI

Ozl (e Sgiall wlSail 6 cuad¥ G198yl dmludl o el izl 48,2 @uasad e IS
Slalei¥l aer 3 adiy bedie &lye Bue Siguall (WSaiy Jaxll 14 (3 :Diffuse field gLyl Ja=! .Y
Baadl O G gl SIS Byl § guyds JSdn bgyadl sda Gudat anglude Adleisly dauay

. dsgdas Upaxll

| Diffuse Field }

, il=0 ‘
! <

[ = P
0 ™ Rudpe

! Aasd Lpd 3ol Aliama Jolas Slalai¥ e 3 Cguald 5,500 S LalSiail po LY il 7 303 1SN

A
Q—wm.\wﬁué



Propagation of Sound & guall )Lad1 :EIBN y,yud!

1S guall Aoy ¥

INs (o Sguall Ao s i oy slga o Bl ol clio g e iy of Siguall Jatly « Giludl Juadll 3 6,S3 LS
Jie 28US ASY) Llug¥l 3 &yl S wiguall Janly Aol Ui « Aia) Bumg I Agguall Aol Lakaas (&)1 28Ludl
Gpad Vv gaBahadl J) A dhaidl ge elgdl @ Janll cigall Aoy Lasgie elold Liud Jslgudl 5 2iall 15l

Al § e Yeo of aalll

ey 31335 e Somedl il g ¢ gl 1o 8yl By 1 29 slodl 8 usall B yun e 5355 Aty Jalge 2D Cllia
Jaa st Ea\ij ‘93 /3 L}L)J‘ BJL;}jT /3 S)b_'zn Ay t\.é_?)\ e Qj@.ﬂ

:Inverse Square Law (oS! @.’Jm Ogsld :Lals

Lt 1 lodl lise Aol b ¥l 1 s oSas il (e 1oas Lutgundl clorgll Jaxis Losie Ciguall St Jas
S Aggall Al 3 AL el e lien Slalei¥) aer § Sguall padn 28Ladl 5oL ae adlis Fil) all
oSy 51 M Sguall HLAT! Geasle ds gl

2o GuSe Sigio (61 Bt cnolils S a5 A8y aill (e 2Ll Bl bas Ul ciguall Bus 3 (o lasei¥l (and (Say
Sgmall Bk palasl AMe Ciimg iy . guSall ao Al 0g3l8 el Tl 1 Cpad . tiguall Lealad a1 Aladl oy

A Uslakly Aeghaal) 5Lty

I « K (PP

L J 483 Pecigiall Ao yig LAl daug 8USS 3lan cuold J) add Ko cuguall 8ad J) s | aslaloda §
T S Lpd gl olid sl abaall J1 aill (e cigundl Lala8 G0 A8Ladl & 1o @ cquill e BSgunl] 2ol

Sgiall Loy & 8Ll e las LS dwgs T ey Adgsall 25l laiis ol 853 (i ousSall anill 05318 o
(gl Aol ba s ‘3 2Ll st gyl olid Alnas o toi.wl\ 9 B.LU o Ll Hlaas (s Geilall uad ladeg

QMM)ALQA



Knawn Calcuiated
Sound Sourd
. Fresswe Pressure
Source \ LpR1) LpiR2)
@ & =
——

At

L
F

gl LT § uSall ausdll 0938 mings T S

:Interference 5,40l | z1ga¥l S5 : LG
sl Jelasy Joludd Oleslad (IS dagy alizes Golay (andl Lusay po 51035 of Asguall Slagll Jelaws o Sa
Jaludly G (e constructive interference ¢ Gl Ja1aally Jo¥1 (s s B of Clinly 5u3aill Laag duiguall
o bl dsladdl Jites @5 S 8T ol izge (s B Melas ¥, Y JSad) o5 destructive interference ﬁlwl
S S 8 ) Alaialgy 4] SLALY olai¥l 3 e zlgadl 0T Jeis KA n ¥l ol A Blesall il
Loic ST Lok (Sl Jlsllig slidl ol 5uaally coannle 1dng (5581 Zmgll I Colitgus g S a0 50 amy
23511 ypms lyatals okt Ul Sl bty k) el 2515] o1 ,SI5 oatmsll o Al dablgto Aol 05
B el @ wlagll sl ylay suma =g 3 25151 (29 Instantaneous displacement dlaslll 21331 @i oo JLlly
Y ol laaall g AST o cnimge (e dalisell 2o oll JIKEW Gl gyl CaaSh Eou V)Y JSAd) e ¥
dalaadl (e Amilid) dogll dne (e of Uslaall g wie (6,391 Lealas) abiee JWdlg sles¥l LSz ddazlll

A A\

A B

<«
\/
—

Balldl g luidly A cld! s luadl bl pdag ¥, Y U

Y
QMM)AL«Q.)



1l gl ay 48,301 ¢ has e Aiguall il gl uSais bodie 3151 siuay :Reverberation giuall gf 515
oo 55 6391 Slguadl (ST ezl G131 ) siall (e 8ytlie Cigeall (amy Jazh caab sl da aeradl old
il Aol § of Lodasall 48,8 § lguadl slusyl (olany peiadl ol31 J) duas oF Jud s slag 28,301 lyun

IS oy lpa) e (aseddl 8yud ae duyally

2381511 Az gkl U515 el Azl gl S5 105 U he yad ciliacdl alie § :Standing waves 423! o1 7190l
i SA o ciatill 3 sl Gegla oL 8zl A Ludly padl 5Lasy Siguall 1S (40 Bpaliall Sl gl susiud
2o Fadall A sl U3 1um S S 23810l A gl J51aall Gigu> Jleis| mmy 5Las¥l § Adlall Laasll olasiul
oy sgadlly 5yl AnL Azge JSCAT Lagds o g Amlly LaSlady alsalls Lbiles (@l Slazdl (e AuSaill 425l
Uiy Aradl laliall 285 (e 350 JWby asdl 031 J) Aiolsdl Slguadl 8uds (o iy gl oY) Aablgll Axglly

42850l 7 |9l JSAT Lies 8yl Ao Ll wlylias | 3 (sdimndl CigunS dyddne deii) Warble ! 2eii pusiudls ole

Nz iy By Loy (e Onalisen opyilsty oS0 cnsglude (tinuy iz g0 Lpad 055 Leie Beat (ylassed! gf (sl
Al 058 Leie o M cnalises (py5let oSy cnigeo Lae il OLSed siuat buie (JUL Jotw (e lda Eox,
bl s Oleasd Loany oo S ol oSy Lales yilgall (uis L 0586 0 paAall (e @) asdl T (e cness
By A Age Ly JSA) (3 2l A gl guaid ol sl Usluss S § 1,400 § Aas dlass Gl . "Out of Tone
Sigeall sle 3 aMs ] Laadl § Y (s laall Zasall 3gally yasall ) (baall Aagall o died Bpdie dase ol3
oilsdl on Gall sa pandl ylss 09Ky padl Hilsn Siguall g lasl 4y s gl 31l (s (Olaasdl) paudl (s

ERRPA PR IR

35 Lras (F Lygs s i (@llg B! of udliall Zasill (29 lguall o] (atlias duslyuy @iladl oyl § Liad
RO) SUCHYES PRWIESCUNLETTI| Bt JWESPEREN RENPOR (PN VR RRPS [ MEUN B g (NEESSUROE S FEPPRIC PN o1
LS Sl Sk e ALl Slassll o dycall (e 059 2850 055 sl @llall cilgadl olane (ils 23
(s (58 B3]l pailiaslly Aaudly selally sl § poially ddatll Az g s alyilatll (e LS yumsd sle]
sl dalizs glesl ] Sl oda

/\ /\ /\ 200 Hz N Caday Briall memall Lajog umally

XY Y P Yz ottt el

N A AR N P\ 300H2
V VVVV YV V V wave

/\/\ /\/\ /\/\ /\/.\ The Sum Aalizs closgly AST of cnizge (o g o0
/ of the 200 toge S5 JUL b el doy s

and 400Hz
Waves Eer 935, Y. Aoge A8lsl 05lid] 03 4S50

S5

Displacement

Time ———>

YY) i».ﬁY..)ij.!('M_'“'La('y\M_" E)AU‘“‘SJ‘“‘;’W(M AEANA N M“

v
QMM)ALQA



Lyilsll datlas Lao JST 05Ss i SNy Liiugll candaS Laoss laall cilin o S Slguall (any JSads
25U L (0 ims ¥ (1 W o @lall 3 abisll il i § Aasl] S8 .cOLLYI 3L e sines &1 Aia3ll
Sl degi o iy ol Jadad (e Jlie 9o Lpe S bl w8l G 2aaall sgumndl o ciligially 3Lially
S 1S po ctguall § 153l (ho Hegita Aegarma 45T Cimne § azlin Halolally all Jasd Lol (Sas &1 3iall

el it 3 Sbinedl goliars Laniiug 31 ells

L9l z15a¥l9 Adliall AeaidE Al Slguadl pallas (e @i Lo WL audall Jlally gl Jlell @ Juadd
oo (Bladl Lasll @ cllabasll S 3 Wasy LS) dadl Juies ol gagoall semdl (e aaddl 2508wl (o
S gio Aa3dl (aibiasedl Aslyog ool e Anadl piny 5ty ey csllalazell sda QW o3l Jutad @iy G23Y1 5=l
& cu> Spectral domain adall Jl=ll gl Litas Gasl Sy Time domain ol Jlell Jeiedl i (g
Jlxll @ el e Akl V& IS idgy . A8Y1 szl e Ciguall LS il 515allg sogandl Homll e Zaudl Jitas
(Aedally (w3l

Pen'od

Intensity

Frequency (Hz)

Pen'od
Intens:ty

| Frequency (Hz)
|
fifafs fe

g Laulally a3l oLl @ Juteddl e el Y8 AN

Sass Lns bl o oSl Jukes o2 Lo Lillad casly alais rass Cigsall patlas Jof€ Jutes sale cuasall oo
oy o Ga3lly §y3lstll JLrbl (rass LdISI) clguadl Litad @y :JLeS olay¥1 350 cillalags § (aslas B Jitad
(A ezl e o3l s Jually gageall soll e slsall cagall Jitas

l‘p\i , TE;iro” | 8100
My i B el el gdlly Yo JSAN ) ks
* 24 g0 eye 4alS 30y Soiil Cigual Geilly addall
Pk . | ) . .
TR ;2 ool letll cliclae Jided @ o

-3600  390,JL Formants cileygalls slewdly chgall
2700 .. .. ..

o |da 4.3_U\3 ﬁ)lﬁl WLA.A}‘ ﬁ.x.zw._s .F1,2,.

w0 abbhal jasdd §ssle Jiedl (0 poidl

0954 1808 3816 5275 7633 0541 11443 13158 15266 1717.4 msec .an.ﬂg‘a)ﬁ.ﬂ

- 1 (“eye”)

RIS FEN PRSI AN 1 R V- A

QMAW)AL«Q.)



;‘L;.!.c.«-d‘ pJ.s ‘3 Et.ql.(‘_” &‘3.;,43\ C.)Lu L s
:Transient Sounds & ysLal/ m,.,as’t

Sigio iy Al (el (o uad o s G ol A6l U e 158 ae LG Biatie Slgiol (2 Splall olgd
L Aaj> (29 Toneburst lesdl 4ady oy 51 g3 Slag Bylall Slgwadl sda e aila Jlie Click (&) L&D
cro JBT oo LdLe 009859 (A5 (s 10-) +) &ls bl B oo el Bute yottudy $3S5 yiles Joo 385005 Silasdl (30
Siguall oy ilygn 0 of €

LS oz Byuad Bus 939 Lule duall (0 LS dil o «8,519al) diydog (aasadl 4l Bus (s 28Mal) s ¥, 1 JSCA1 4
meitd Meld 02l (o) ey e @ AlinySee Vv JI Bue 93 LIS duie Sl Idag S pesl (43153 dibe OIS
Jolol cpa3d A lomy (yid Ao Anidd e Jguamelld Lol oSS 3 5350 Vo v 31938 (nne 3195 oo 3850 (653195 sLasay
Byuladl (@lguadl) Sleall pusind cleadl @lad, el 1> Suadll Leadl Glsdl J) 5las olsd Bue ) aiey
Lo Lnoe bl Joad LeoST Blas aiiny g slasall JLLI aeadl ganll clhlas | § ALK us sl Logmsy
zai 30 ol pue e Al (agan9 0 93ledl (he Aasely Blolie duls 51y aelgl (655192l Ll sy 39 Lbiomasd (,Sa
el 1 @ 5Ly gais of guanll 5Ll

Time Domain Frequency Domain

A 1000 Hz ’
Pure Tone
B 1000 Hz
Tone Burst
C Click |
\ . m

(100 ps)
1 1 1 1 1 1 1 1 L 1 1 1 1
Q. 128 3 4 5 6 g 250 500 1000 2000 4000
Time (ms) Frequency (Hz)

6531 92! dids o 4l Jglo 43Meg unadl SLel (e z3Las 1T JSATI

Cod e pt Adgwo Wb ol of Axein slngis ¥ Aud Al 2yl mumiadl mllaims ) 5Ldy Le 3ol :Noise puxiall
SSUI ZLaadl of LIl 3 STl 7L Cigim of Amsiae polse ao Ayl Ax s CiguaS Ax Ll aue of Loyl aue cacudy Lpd
Gissall sall (a2 ol Bumandl cyall 3 ) 4uolas (K 39msll @il g 2l By Lill Slgundl in WLt 3 G
Laizmlly Bratudl Ayl e el muzsall sa9 Background Noise oL mzmias swmbe ol il muzis sa9
Bl wleys § Huds dadsie A8y oSy 558 A ve ) Yoo (e cadall auly Lrzis i (@lly slodl liosal
ooled 48 e 555 dlales (Saug padsie slaall e Laxdl qusds Ta / bly YL sgus casladl el Laaally

dosgill e Juadl dpnas Ll e (pddl (ol d ¥l die G el

o

QMM)ALQA



LTy dpnaad) daladl Sl 99 Znasadl SlyLasY) § 84S dueal (noise) ezl saeudl Sllis | § sLngiall ¢ 195l
@ Adball Lol Cile ) il pustan a3l cuball (o)l meiall SIS aeadl Dlally Juald] zely pan
Masking (iassdll wwale sag Jbliall e podl pais c¥l> § Bl 485 5050 Ldlall il pod) Lagdass
& ISI Slaly eale g9 SlLls¥l asy (aad! LOISI aed) lagdass 3 oS dell Ladlhe puseig LS
Lo Ll ilol il Lao JST9 55515801 Lidas s Aalisen 13l uzinsl) .Speech In Noise Perception (SINP) gzl

1 beaaud! e L_;

Sigio oo ity Lkl o psly Bllas e i gddly gl ¢ 1551 @al usi g2 White Noise (an¥ guxiall -
ey 99 Loyas Aglude Aauny SLBLSH Bue doluw (e lylenll oo puly cads of B8 Aegams (0 Sy
I L slias Gu¥ls gra3lly sl el cllia cadall ololl el (o S5 6ills pandl Gslll Jilynall casyanlly
Baleedl lslgall § ST ABlall 0s8G y clyileddl apaz e Lglude dud Aaadl sS3Y (silly canlall ausly muzesa]l
Avvv 5lss oo 3 sdly BRI Grald sesdl e Balsdl clyslgall slaesly 28Ual 5953 5laj5g dundsial) duud
S5

Laals 3550 a1y Aeczerad!) Zaadl cleall (o 5T 555 sa9 Narrow Band Noise (NBN) &ipall momnll 405> -
5520 e A e e Lysles Aaps AajxS ae ilsT o

Yoo IS sl e Laubs diey resmiall (0 &3> a9 Speech Spectrum Noise MU cails s -
3aYe.g

IS8 Jo¥1 Canis Lagils 3155 oy o ladl calall asly (8LiS6Y1 8,0y :Octave Band Noise (8LSo¥| daj> s -
e &3l diads ey sl il g BLSH! Aaj s 18 Sl (BLSy) sty s y3lsall § caclias
3t gYe et ol 35,0049 Y0 (v Mie uslg BLSH Ao L

:Speech ‘aMS.N

Lo IS lgual ptad a3l e Buddly H31sul Uoiie Adgus ByLal il Lilind Caymy Ll udas S 50 @IS
@y Jeso izl (o ST Ledidy oz Aasaly S il Al goaddl Jlas¥l olaed JSCa5 LY o Laud D Al 2,510
dle Lapdaty Cigall (milias 23K dulys camy MISUN (milias dulyly el lda e Aalis aislge § Ladadd oy
Slasandly wUSH bl (5192l Laag ol ciols e SIS cagls dalys @ 2SI oy . Lia LaySAY Jlmad (&l

(cileyg9)

FO gwladll 63052y Gl Cigio jased iy o wMUS Aol wlowdl usT g9 Fundamental Frequency owludl 555Ul
bl ez>g Sy udzlly jeadl cus Caling ek 6l die Aigiall Gl il Jase IS (e supass @1y sl
el AL SN cgnl gl eill il o Jlab¥ly cludll e Jlnyll Sl gl 5ol Calisy Agguall
el 35,8 YO Ve o el cagual @ slgnll Jlall iy > (@ 3550 YA+ I AO (30 Jloms oy 35,0 VY- 1 390>

S5 T agas ) deay sddly Jabl Cigen ga

adle @lyles e Slissanll (e Aegazma (2 owludl] 31520 A8Ls| (Lud P guad quludll JoSLI (29 :Formant clzsasll
adline 653 2 F1,234,. Slisanlls qall dl asaldl (o Gigwall ladl Jsbs (e JSCAT5 quluddl pilsall cilaclae 843

QMM)ALQJ



Adady M‘ M\ gjl.?u" 5i 7% o ‘55‘3.135 nguf}” ).'y"j.i_U Slaeling M Q‘)S‘jj uL: (21.5.‘\.: a_qua) @45)\ b L,?
gl lysleall wie 3855 glg Consonant cuslgsallS daliell il adss (e Jssall dpad) 8503 3 (ol
el Lhwgiag passio cadall Lakhis § 3850 A9 Vowels célgiall Leaslg 3alzdly

Jos iy 258,11 Tmaadl Allall clliasly aISH) poadl s s Slomaadl 3 wISHI 5,L41 ol aiial mal e
093l £33 83T Lnasd] ligall

:Music licwgd

oaibas e Aol IS sluzial @ Loyl duolstl) pusing gl oS cgall JSAT o 53T IS8 (2 Gl
slalaiall Lo s J) ol ol § oaiiall clrllagall 4eis Causll chamg & hadll 3 Lgan e cuas &1 cigunl
33l Com o gkl oy o gkl sl dgo Bl 09y o) slelally Grudsll Jid oo Aaaierad
il Lo G wCl5 peg Llududs gl Bua e Zuiall pasliailly cLoudness 5Lxlls s.adly (Pitch Zaally
elll ol a¥l eualall o syaall 35l e ol e cpadl ol 8 Roiiadl Sl gall e Carasll Slallagns
glow JSLis ol pedglin oo LUal pomman 8 IISUI 0d 3 wlgae (o Ogilay (udlly pesdl Cans (o Ogilay
el padl Cini (0 Ogilay ) Ul ot Ly st 3 dcand sl Geliall e Y1 sall o sl
IS il 0 JS 7)Y USAN i hansll 1 g Lol g liaiall (alasil of Ghausll ol 3 Klia oo o

Baddly H3lsll g s9me e Lagabolasy Laguslly

I Threshold of feeling
120
?g Audible range
%’ 100
9 A
9
e 80
: -
1))
8 -
5 60|
]
= -
3 40|
n
20+
| Threshold of hearing
0 1 | | 1 1 | 1 1 1 |
20Hz 50 100 200 500 1k 2k 5k 10k 20 kHz
Frequency

yaull 031§ Aegad| Sl guo¥lg Liraughly s sl regings Y,V JSAI

OMM)ALM.)



Zuyi)w." &@3&3‘3&@3&.“4}&4 QM‘M—W‘ ?3.1.1.”3.35

:Environmental Sounds el & g40¥|

poieiug Bl UyS3 LS aledl il (o puly Sy degiin Aegazml Lagall Loyardl cizs dumiadl (o 0555 218,
Jolsill e BliaT L3359 gall Jass ¥y (rend! £3405ll L Ao ¥ () 3dedl ol gl 1) 5,Lapl Bale ¢Lingundl mllaima
psiud . Oludd) Bl Loneudl Aadsgll e Lapiliy Lpads 2o giall uledl Slouad) 285m0 )90l (o Bl Bag> ol
Sla¥ly Jalall st ety Jid Jo¥1 Llo e 3 o] Jealddl alys 3 Jasll Bilaugy bilgumedl ol gin 2ol ol gl
memall (ayme g padiy Aunes 451 g Bt dd) SlguaM (apanll O asl §5lsal Loy Jeael oS 2081
Bledl Loy Jalally cagpdl JSaT o § - llmai¥S slo Fgio o) of Auigio Haduo s iz 2dlall cilguall (aasg
oo adadly CaspaT uass V) Joudl @ emiatl oyl pedl pads clewd gal liusell (¥l ae ¢ Lorudly s Liall

L(f..\.fog w‘ ‘;v‘};a‘}“ %) EL:.W E‘aﬁ A\ dj.\.‘x_”

Ratio of Sound

Intensity in  Pressure to Reference
dB SPL Level SPL (dynes/cm?) Sounds
0 1:1 .0002 Absolute human hearing
threshold for a 3000-Hz pure
tone
20 10:1 .002 A whispered voice at 4 feet
40 100:1 .02 A quiet room
50 316:1 A typical office
60 1,000:1 .2 Average level of soft
conversation 5 feet from the
speaker
70 3,160:1 Moderately intense
conversational level
80 10,000:1 2.0 Average level of shouting at a
distance of about 5 feet, or the
sound of heavy traffic
90 31,600:1 Elevated train, or pneumatic drill
at 10 feet
100 100,000:1 20.0 Symphony orchestra, or rivet
gun at 35 feet
120 1,000,000:1 200.0 Sound of a jet airplane engine,
or MP3 player at high volume
140 10,000,000:1 2000.0 Loud sound causing pain
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50 316:1 A typical office
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dB SPL Level SPL (dynes/cm?) Sounds
0 1:1 .0002 Absolute human hearing
threshold for a 3000-Hz pure
tone
20 10:1 .002 A whispered voice at 4 feet
40 100:1 .02 A quiet room
50 316:1 A typical office
60 1,000:1 .2 Average level of soft
conversation b feet from the
speaker
70 3,160:1 Moderately intense

conversational level

80 10,000:1 2.0 Average level of shouting at a
distance of about 5 feet, or the
sound of heavy traffic

90 31,600:1 Elevated train, or pneumatic drill

at 10 feet

100 100,000:1 20.0 Symphony orchestra, or rivet
gun at 35 feet

120 1,000,000:1 200.0 Sound of a jet airplane engine,
or MP3 player at high volume

140 10,000,000:1 2000.0 Loud sound causing pain
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SPL (dB)
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MNear field

Free

Eeverberant

field

—OdB/
doubling
of distance

(dhffuse) field

Far field

=
[Distance

SPL, = SPL; — [20 xlog(d>/d\)] . (11.2)

where SPL; is the sound pressure level at the location
closer to the sound source, SPL> is the sound pressure
level at the location farther from the sound source, d; is
the distance from the source at which SPL is measured,
and > 1s the distance from the source at which SPL» is
measured.
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Table11.3 Critical frequencies for common building ma-
terials

Concrete
Plywood
Gypsum wall board

Steel or aluminum
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Table11.4 Transmission loss and STC values for common partitions

Partition 125Hz 250 Hz 500 Hz 1000Hz  2000Hz 4000Hz @ STC
1/2 inch drywall on both 17 31 33 40 38 36 33
sides of wooden studs

1 /2 inch drywall on wooden 15 30 34 44 46 41 37
studs with 2 inches of insulation

Double layer of 1/2 inch 25 34 41 o1 48 50 41
drywall on wooden studs

1 /2 inch drywall on 23 28 39 46 54 44 39
staggered wooden studs

1/2 inch drywall on staggered 29 38 45 52 38 30 48
wooden studs with 2 inches of insulation

1/2 inch drywall on metal studs 22 27 43 47 37 46 39
1/2 inch drywall on metal studs 26 41 52, 54 45 31 45
with 2 inches of insulation

8 inch thick concrete 36 44 50 54 58 56 53
masonry units

Open-plane office partition 10 12 12 12 12 11 12
4 inch thick brick wall 32 34 40 47 35 61 45
1/2 inch drywall inside/1 inch 21 55 41 46 47 3l 42

stucco outside on wooden studs



Table11.5 Speech privacy associated with STC ratings™

STC range Sound privacy

0 to 20 No privacy

(voices heard clearly between rooms)
20 to 40 Some privacy

(voices heard in low™* background noise)
40 to 55 Adequate privacy

(only raised voices heard in low
background noise)
55 to 65 Complete privacy
(only high level noise heard in low
background noise)
70 Practical limit
* assuming no significant flanking paths or openings in walls
** in the 35 dBA range
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Approximate improvement in TL (dB)

A
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Fig. 11.19 General TL improvement that can be expected
from air spaces in partitions



TL of wall — (TL of door, window or opening) (dB)
]

) Percent of total area occupied by
| door, window or opening
100 % i
3 50 %
4 K 120%
3]
0L 10%
5 5%
10 20
1 %
20
h
O 0.5%
40 0.2% 10.1%
50
60 '
0 2 3 45678910 20 30 40 5060

dB to be subtracted from TL of wall to obtain TL
of composite structure (dB)



Table11.6 Transmission loss reduction as a function of air

opening”
Wall area having  Resultant Resultant reduction
air opening (%) wall TL (dB) in TL (dB)
0.01 39 6
0.1 30 15
0.5 23 22
1 20 25
5 13 32
10 10 35
20 7 38
50 3 42
75 1 RES
100 0 45

* based on original wall TL of 45dB
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Middle Ear

Gain (dB)

100

1000

Frequency (Hz)

FIGURE 2-6. Schematics of transfer functions of outer ear (OE) and middle
(ME), along with the total gain provided by the combined outer and middie

The combined function reflects amplification between 2000 to 3500 Hz from the
outer ear and 600 to1800 Hz from the middle ear.
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FIGURE 6-1. Waveform (left panel) and spectrum (right panel) of the musi-

cal note C4 (f, = 261 Hz) played by a trumpet.
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Binaural Summation ¢idY! T o

TABLE 7-1. Amount of Binaural Advantage Measured in a Variety of Tasks

Investigators

Task Binaural Advantage
Loudness summation of tones Almost doubling

of loudness
Loudness summation of noise  Doubling of loudness
Absolute threshold of noise 2-3dB
Absolute threshold of tones 2-3dB
Threshold in noise 0-2 dB
Intensity discrimination ~60%
Frequency discrimination -60%
Speech (speech recognition ~-2.5dB
threshold)

Algom, Rubin, and
Cohen-Raz (1989)

Marks (1980)
Pollack (1948)

Shaw, Newman, and
Hirsh (1947)

Hirsh (1948)

Jesteadt and Wier (1977)
Jesteadt and Wier (1977)
Shaw et al. (1947)
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FIGURE 7-2. ILDs (in dB) are plotted a function of sound loca-
tion with respect to a human listener, where 0° is front and cen-
ter. Each function represents an ILD measurement for a different
frequency. Adapted from Feddersen et al. (1957).
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FIGURE 7-3. ITD versus location. Interaural time differences
in milliseconds are plotted a function of sound's location with
respect to a human listener, where 0° is front and center
Adapted from Feddersen et al. (1957).
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FIGURE 7-13. lllustration of better ear advantage (left panel) versus binaural squelch (right panel).
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FIGURE 7-13. lllustration of better ear advantage (left panel) versus binaural squelch (right panel).
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detection thresholds in 20log(m), where m is the modulation depth, are plot-
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FIGURE 5-12. A temporal modulation transfer function (TMTF). Modulation
detection thresholds in 20log(m), where m is the modulation depth, are plot-
ted as a function of modulation frequency in Hz. The amount of modulation in
percent is also shown. Better thresholds are shown at the top of the figure so
that the function has the appearance of a low-pass filter. Different features of the
TMTF are highlighted on the figure. Adapted from Viemeister (1979).
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