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jet plane at 30 m 140 100 extreme pain
threshold of pain 125 3 pain
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door slamming a0 10-#
busy street traffic 70 e noisy
normal conversation 1l 10-° moderate
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fuiet room 20 10" very guiet
rustle of leaves 10 U
threshold of hearing N 10-12
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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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or MP3 player at high volume
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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 guiet 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 & 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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MNear field

Free

Reverberant

field

—OdB/
doubling
of distance

(diffuse) field

Far field

=
[nstance

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

where SPL; 1s 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, dj 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

Thickness Critical

(cm) frequency (Hz)
Concrete i a : 100 _
Plywood 120 0700
Gypsum wall board 1.2 3100
Steel oralumimum 03 4100
Lead 4400
Glass )\"kﬁm‘}—-—"; o o0
Plexiglass 03 9800

l
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Table11.4 Transmission loss and STC values for common partitions

Partition 125Hz 250Hz 500Hz  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 85 41 46 47 31 42

stucco outside on wooden studs



Table11.5 Speech privacy associated with STC ratings®

STC rapgé___ 1 _SOlg!,l_ﬂ Bl?iYan_

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



NIC zassall 1add (5 gl

Jrall Jiae slera (pe 2eadly SST Hleal ¢ goelll Lide Wyleo &g lall c¥5Ludll e 2LW @

Cdg,all aran £y ulida (e Bl g Noise insulation class gl diass Goiwn o Jane ®
me.g_d ] ‘_.'5"\” 2&3).:_” L} W‘” oot szl.w.l ‘_?’._3,‘3 wl.bé}m ‘_}Lﬁl_sj J).:_” 5.53_.13 (as.w_ﬁ ‘_..5"\.”
STC wlida 3 ! g2 LS psell frasss

uasat e Ledl goo Il 8y ASTM I Lacaitad dea o pudg Bt (55| (ueuinlin llia Lails ©

9l Outdoor indoor transmission class ¢yazdl (5159 B Jadl Gsiun 9o ueualall sin us|
Joras 48,2 of aue U515 ) memall a5 Gotun (o my wlida 929 OITC JI | Lazs |
35, 4000 580 JI o



B e Bole S paibas ol dudlzill slgall jobatedly Jiadl jailas (o sa lale ,S3le S ®

Sl dally slgll Bauate puoliat aluseiul ga a8lgll § 4y agaile

095 U8 M Lians Bale AiS AS Lo By cllazs (51 o) (o cayazeall 45La (o ¥l | ©
weliaiadlg Jiall Jolas cpe dojs LTy el dlaaly

Sggall lda Je Luaibas sole S sdoiw Ludlzia pf dodaio Dlads (o Gigall payloic ©
TL IV sy JWle desedd) aay s

Lot Sdg algdl g gu59 ladall Bue 85Lj ae TL J1 85L5 ud g5 Amisly dplus A8Me Uz g3¥
S8l ASYI il L3 Balll aslbas o0 gy L dua,latl 88Madl cpe JSC& Ilia

Co J3adl g slads (s elodl oo lads 3l (& eualiadd] sda 3 Layl 5,558 Lelgall AST e @
oebaiad g Jradl = )lelae Llinay olas3

¥ sl e laylg d8l gty g il L (o SN 5u8 (o asll ga Loyl daal ASYI Y @
(k| L @l laps g ds Wy gl olmiaS Al 1 A8LLI e (Sl



Approximate improvement in TL (dB)
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Fig. 11.19 General TL improvement that can be expected
from air spaces in partitions
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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



zaadall e sl G )k

W@MJ\MM\Q&@?LLMWJ\WwéfEB@LQM@ﬁO
il e lagdas

3TW\JWBLQ\JIH_?\@ML}UJL@MQA@@J\Q.Au\_xl\d.n\_’&d\i\O

o Lo Ll B o JSdn sLisgially @Sl GLSGHL oIS 131 il cpeiud ) 2840



o at
34

space planning o\Sall Jayass

ot GLL 3 mmall @ Seild ddlad @yl AST (o oSA bdass pisy O
s el pgag ekl U513 (8,801 wraias e S e lia
Lo ASY bl @ aeliall Buaely ol @hos Jie ST Likss

izl ALl sgu ol gyladl e OIS 508 Buay GLL 0SS O s ©
Al e g datl cililly g 5| S e Llesdl e Balazd ] ae s Lol

paasad Jl sl cmd s lio s Halias (e oyl clidl (86 o8 1310
2a0) 5l lsdlly dolsill s 2eslall soball 4alss & Sl lsll
éM.c&z’b@'.a_U






(3 a J =l < 2) Enclosures
Sl gl

&M_” u\.@l} M ..\.L.Q)LI_L.CY‘ ) J_‘> u\ — Ll doe Lu..u
~‘L":’5\-’=J‘ 4llas utc;uSdiwﬁy Ol oSey Gl celga
de mmall sian oF Uiy Aol Jsb e Jatls of olilaad oSy

I3 e LilAal Huall Jie P SlylAad! sda Jdasd a.x.o-j_l\ EEINA
u\..n‘..‘a)‘ 3‘ «_a‘.b‘..wj ﬁ\._\zn..w‘.’ 3‘ 4.]43./.44.A ua;‘j.q ‘z‘m\_v JJ u‘9§j3
Aadle



3to5dB reduction

S VAV

i

il

i

i

Absorptive
material
only

T

- = = =
="l - - - ]
e R LI - T T e PR e -LH Mo :E- ‘:.-.,.,,'-
4 L e = - - = =
i B Fu = AL e - 5. e - - = -
-
H

b
> - — - "
- L = - . ' = P i
-~ o= o S — - L T = P
B _-."'IL "-r— T + °r = . - 1 o T = RO WL “'r—
3

WVibrations
carried

Rigid
material




6 to 10dB reduction o ttr? {{ﬁ]

SN

lt“* .

E Sound source rﬁ Absorptive
E": ﬂ material
'_—-# % only

= =
IZNRSS

10 01 v ¢bi cco 31— ol ©°1 +~



20 or more dB reduction

| — P T E— | -
n - e -— . - = L Lo = =
i ‘I_ “1 m .ql- ! L ™ il m 'I"-" ‘.- -~ K, = - ) .-l
- -——— - i . o - - =
o - : [ = ! - -
2 = & - G e hale & 5 =
- - - - k
1-

LA

If

TN

. - -
J‘.,.-"r '

cushion (airtight)

I % €7 _._ ARSI,
: Alr space / Resilient J

- Rigid Absorptive

P S g PSRN S, "



2 Layers of Drywall

with Green Glue

NOISE GENERATED
ON THIS SIDE

2 layers of Drywall i

Exhaust Vent

QUTSIDE ROOM

with Green Glue

Double Stud Wall

with 1* Gap

Fill Dead Vent cavity
with as much insulation
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compaoct.

6" PVC Pipe
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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 ea;
(ME), along with the total gain provided by the combined outer and middle ear
The combined function reflects amplification between 2000 to 3500 Hz from th

outer ear and 600 to 1800 Hz from the middle ear.
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Do you ever use carplugs or earmuffs to [J

reduce your noise perception (Do not consid-
er (he use of hearing protection during abnor-
melly high noise exposure situations)?

Do you find it harder to ignore sounds
around you in everyday situations?

Do you have trouble reading in a noisy or
loud environment?

Do vou have trouble concentrating in noisy
surroundings?

Do vou have difficulty listening to conversa-
tions in noisy places?

Has anyone you know ever told you that you
toleratc noise or certain kinds of sound bad-
Iy?

Are you particularly sensitive to or bothered
by street noise?

Do you find the noise unpleasant in certain
social situations (e.g. night clubs, pubs or
bars, concerts, firework displays, cocktail re-
ceptions)?

When someone suggests doing something
(going out, 1o the cincma, to a concert, etc.),
do you immediately think about the noise
you are going to have to put up with?

Do vou ever turn down an invitation or not
go out because of the noise you would have to
face?

Do noises or particular sounds bother you
more in a quict place than in a slightly noisy
room?

Do stress and tiredness reduce your ability to
concentrate in noise?

Are you less able to concentrate in noise
towards the end of the day?

Do noise and certain sounds cause you stress
and irritation?
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percent change in pitch is plotted as a function of stimulus intensity
for pure tones presented at three frequencies Adapted from Mor-

gan et al. (1951).
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Binaural Summation (Y & sane

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

Task

Binaural Advantage

Investigators

Loudness summation of tones

Loudness summation of noise
Absolute threshold of noise

Absolute threshold of tones

Threshold in noise
Intensity discrimination
Frequency discrimination

Speech (speech recognition
threshold)

Almost doubling
of loudness

Doubling of loudness

2-3dB
2-3dB

0-2dB
~60%
~-60%

~-2.5dB

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 5-12. A temporal modulation transfer function (TMTF). Modulation
detection thresholds in 20log(m), where m is the modulation depth, are plot-
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TMTF are highlighted on the figure. Adapted from Viemeister (1979).

1 of an experimental trial for a modulation detection t
plitude modulation (a modulation depth of 0.5).

ask. Here, th




20 log m (% modulated)

(10C 00 100 10,000
Modulation frequency w:f”_: Hz)

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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