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In Chapter 2 lve saw that sound levels are measured according to a logarithmic scale of
decibels and that weighting to allow for the response of the human ear gives dBA

values. A decibel is defined as 10 times the logarithm to the base 10 of a ratio of tr'vo

powers, thus:

Power
dB = 10 log to Raf.r"',.. poor..

/\ . t . \ l. I

( \i rh \g'rc \'\'\d\ i cato. $rc 4hirtYFe ,{ *o*^I)
For sound power levels the reference porver iJtaken as 10 -12 watts. Therefore, if a

source is 100 times more por'verful than this it rvill measure as 20 dB, and if it is i000

times more powerful it r.r,ill measure as 30 dB.

Sound por,ver is the pou'er emitted by an aco

room, and is measured in $'atts. The resulting
a loudspeaker in a

, or more precisely\und
pressure level (Table C. 1), rn the roorn is

i;1; i1-r,r ch;:;-,rlir:l'it,fl, s a,f illrt r',tltl (:iiril i
only on the loudspeakerbut

N,lost noises are, of course, variable. Tb
eramined over time - if a high level is infr
t.,n 1eve1 is that value of noise exceeded

measuring in dBA. It is also possible to
steadr letel of a fluctuatins noisc mcasure

eal rvith this, sound pressure ielels can be

uent it is likel1-to be more acceptable. An
0o/o of the time; l.,o is that r-alue u'hen

ing to the application, so, for example, for a hool it could be the occupancf period

Table G.l Representative sound pre

Condition Sound
pressure level
(dBA)

Threshold of hearing
Broadcasting studio
Living room in a quiet areaat-1 a.m.
Typical business office
L.is;tening to Chopin in a living rccm
Normal speech
lnside a train
Busy streets in urban area, e.g. Cambridge
Pop group at 20 m
Helicopter at 30 m
Threshold of pain

el'age the sound. L.r..,r is the equivalent
n dBA for a time fl f is chosen accord-

10
1A--20
JU
50-60
50 6s
55-65
55-70
70-75

'100-1 10
100*110
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244 npperuorx c

The BREEAM evaluation procedure for new offices awards.one credit if noise leveliin large offices are equal to or below un 
"o",f 

of 45 dBA.2

,,*t::*:.,":.:{...^:-f:,, 
to see sound pr.rJ.,..level recommendarions giu"r, 

", noi.T
rt rs also very common to see sound pr.rr.r.. level recommendations given as norJ*rating (NR) values. The approximate rerationship between dBA and NR is:3 i.€

,-$dBA=NR+ 6 
,,i

Thus, if a recommendation for an air-conditioned conference room is NR25, the dBA,iequivalent would be about 31. :

Fairly eiaborate calculations are required to determine the sound pressure iever inspaces - References 4 and 5 give typical procedures. n *r, 
"ooro.riirate reiarionship6is: ----'-'r sY'rv\rrrr

Noise level inside (dBA) = Noise level ourside (dBA) - Average insulation (dB)

Thus, if rhe noise ,ever rrom a road is about 65 dBA and one is tr_ving ro achieve 30dBA inside, an average insularion valuc of 35 dB *ouii,;;;. "'"
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Relationships Among lntensity, Pressure, and Power Levels

Substituting equation ( 1 4-15) in equation (1,4-18) yields

How Do Wt

Pinr

P
lt

At 25oC,, pair - 1.184 kgl^3,
JW:
equation (14-20) gives

L 1_ lo log 
ou,b'fu

J l0-r2

froi,

- 346.4 m/s. Substituting the values

L 1- lo log , ,1li:r.
' 4.r( I o- to;

LJlfil

Ttrere::m ::

^;Lrl r i--rL l

(14-19), Lt - L .1g1T.6rf,16;*

that is receivine n - -f, lr'ri;rmrurg

.il
JII]L

Although equation (14-21) holds at 25oC,, from equation
mately.

By definition, P* - IA, where A is the area of air
to the direction of propagation. T'herefore,

, P,,, IA IL,: l0logrjo : tOtogl0_o : l0log,O_,, f l0log A: Lr i l{-' ..';-l

Example 14-3

The sound power from a voice shouting is 0.@l W. What is the sound Pru3: ..:,: {tuul

are the sound intensity, the sound intensity level, the sound pressure, and the \-.-j:t: imrwf,G
level at a distance 6 m from the source?

Solution

Assume that

agation at 6
Then

HOW DO WE HEAR

Figure l4-2 shows the

middle, and inner ears.

Lw:lolog -#: lologffi - 9o dB Answer

the sound radiates from the source in all directions. Hence rr: -lryn rI tmnrlmm"

mdistanceisthesurfaceareaofasphere:4nr2:4:rr6]

r -:g -2.2(10-6)wfuz Answer
4s2.39

L r :r o rog''=\L!-ruu' - 63.42 dB Answer
lu- ''

Lt N Lp Lp:63'42dF- Answer

L^o?*^Lt,: l0log 4.ffi - 63.42

Aprn-,, - 0.02966 N/m2 Answer

anatomy of the ear. As shown, the ear is comF''ritr. : - lru Hnuro;,

The pinna, auditory canal, and eardrum or tl ffiF:: ,: :Tellnlmil@i

Page 16 / 29



690

Example 14-1

NOiSe PollutiOn and COntrO4 {O.EU. "rrr/is!"

The maximum differential pressure A,p^ that the ear can tolerate in loud soun{: = li \rr'
What is the amplitude s. for such a sound in air at a frequency of 1000 Hz' .4,i.ilm t
and p equal to 20.6 psi and 1.23 kg/m3 for air, respectively. What are the rnr< Frss-i,uE r
intensity?

Solution

Measures of I

\4.696 psi - 101,330 N/*2

l0l .330 -,

B -20.6 psi - ,^.6%Q0.6) - 142,038.51 N/m-

LP* 28

u p@ 339.82( I .23)( 1000) (2n)

- 339 m/s

- 1.07(10-5) m Amser

fel):r,l o:
Jm-

Example l4-2

Repeat Example l4-1 for the pressure amplitude of 2.8(10-s) Pa of the

sound at 1000 Hz.

Solution

P -tt',:;r;:::::' N/*2

LP* 2.8(10-s) _ 1.01(10-l I i m {ms-w'trJ'l
339.82( I .23)( 1000) (2n)u p0)

APrms :

^ LP" 28
APt,n, ,n ,fr 19.80 N/*2 Answer

- Lp?,,. 19.802 nn. N2/m1
f 

- 

r lttts
I 

- - 

V./ apu | .23(339 .82) (kg/m3 ) (m,r s ,

N-m J/s:0.94 + -0.94 +-0.g4Wl^2 Answer
mz-s m'

Lp,,, 2.8(10-s) n-T
, Ap3*. tl.9g(lo-s)12  ^.\,..r -- --: - + - g.3g(10-13) \\-ml {ns.srrpu 1.23(339.82)

iiffilHrlnuffiMt'

In defi

of decibel t(

pressure and

terms of ger

where x is

reference va

Using
the decibel
sound pressl

the respecti''

Lr, and L1

In the

intensity I i

the definitic
pressure be

Lp (dB) 
=

MEASURES OF NOISE

Table l4-1 shows sound powers and pressures coming from rr",:-i r.rrtrB: 'trnn
measurements are not normally reported, however, in terms of the ln::' -i:: m !ile lfl!
but in terms of decibels. The decibel is logarithmic.

t42,038.7 |

tn
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