Noise Pollution

TRODUCTION'

Scund in the environment is caused by vibrations in the air that reach human ears and slimulate a
sensalion of hearing. When Ihe sound becomes loud or disagreeable or unwanted it becomes noise, Noise,
thereforercan be defined asunwanted sound, poliulant, which praduces undesirable physiclogical and psychological
effects in an individual, by intertering with one’s social activities like Ok, resl, recrealion, sleep etc.

The noise, as poliutant, infact, differs from other pofiutanis in the sense that‘il is wansient in nature and
is not a'continuing or persisting phenomena. When ance the noise poliutions slaps. the envirenment becomes

free of this pollutant untike other poliutants like gases and parliculate matter, which continue to linger on afler
once entering info the air almosphere.

8.1 The Effects of Noise
The various effects of noise can bo divided inlo the following categories,

811 Noiseinduced Annoyance

Gne of ihe most imporiant effect of noise on human is announced and irritation due to disturbance. 4

noise can be saidtobe annoying when a person does not like the same and hence wants the sound (o be putoff
or wish lo leave the noisy area at the earliest, .

812 NoiseinducedDisease

Noise may produce several undesirable physiological and psychologicat diseases in human beings. Tho
diseases caused may include anxiety, tenseness, nervousness headaches laligue, nausea, insomnia, high bleed
pressure, high pulse rate, greater perspiralion, gastric secrations ele, >

8.1.3 Sleeplessness

The noise may induce sleep disturbances including shorter sleep duration, more fre
elc. sleep dislurbance dve to noise may depend upol
loudnessand conlinuityintermitiency.

quent awakenings,
n the characterisic of (he noise, suth as ils frequency,

8.1.4 Communication Interference

Noise can baclly disturb communication when a.person is speaking on lelephone or talking face (o face.
This may require greater speaking elforton the part of the speaker and much more care onthe part of the fistener,

5 Noiseinduced Hearing Loss ’ R
> Exposure of human ears lo intense noise for long enough duration may cause damag

thereby increasing onas ability to hear,

t of Noise on Wildlife , e
ae Svf;:;fe like humang, is also badly allected by noise, Heallh of several zoo-animals are ad y

af!ecled'by noise. They become inaclive and dult under noisy conditions.

8.2 Characteristics of Sound and its Measurement

i S 3 i i is caused by
» Sound is produced inlhe gnvironment by aliernaling pressure changes in Ihe :n; :‘gr:\?dugh iued i:
the vibralions of solid objecis or separation of fluids as \hey pass over, aroun. nrough foles ¥
i i 4
' solid objects. Thess vibration cause the surrounding air to Undergo.compression,
again compression, then rarelaction and soon.

ing ai uhich propagale
NOTE: Allenaling compression and tarelaction of the surounding air produces sound yraves whic ’ propag
in the form of sinusoidal path. . -
| ltation i i and ils
+  The imes belween Ihe successive peaks of lroughs of gscillation is call‘ed the :TOSE(P)U.E; o
invarse which represents the number of times a peak arfives in a sacond, is called the Ireqy

Hernce

1
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T i which is refated o
«  The distance belween successive peaks or lroughs s cailed the wave length (3), which is refate
: frequency (/) by the refation.
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f

. Wave lengih (4]
L - Ak ML)
b Poriod (F)

2eto prossure
Ampliuda (,7\ Zero prossure /\ / pro
/ fna
o \/ \/ Tinw \/ \/ Distancs
-
(@

L
. i it It ules.
Flg.8.7 Typleal sinusoidal sound waves produced by alternating compression and rarefaction of air molec
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zero pressure line. The equivalent prassure of such a sine wave is represented by

prassure (P )as. ‘ .
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| s
where, plf = prossure al lime |

NOTE: Sound pressurc = Tolal atmospheric pressure — baramelric pressure




« T!1’e power of sound (w) is deflined as the rats of doing work.by a ravalling sound wave in the
‘dlrec’!ton of tfwe gropagahoq of lhe wave. The enargy transmitied by a sound wave in lhe direclion of
ils propagalion is thus, delined as ils power and is represented in wall in 5.7, unils

. Th‘e sound in_lensity {7}is used to measure sound. itis defined as the sound power averaged overthe
lime, per unit area normal (© the direction of propagation of sound wave. Inlensity and power of a
sound wave are relaled by the equation

i= & where, 7 = Inlensily of sound wave in walim?
a W = Power ol sound wave in walts (averaged over the lime)
a = Aunit area L to lha direclion of wave molion

*  Sound intansily (/) is further related lo tm.s sound pressufe by the equalion
. ot

I= mx

where, P = rm.ssound prassuré in pascal (P

p = density of air or medium in which sound wave ravelling in kg/m?
C = velocily of sound wave in m/s,

n

8.2.1 LlLevels of Noise

e The s’ound presence of the fainlest sound that can be heard by a normal healthy indi\Jidl‘Jal is about
20 micropascal (- P.). The sound leval{L}is represented as

i)

L =10Qy Og[bels)
o

where, Q = Measured quanlity ol sound pressure or sound intensity
Q,. = Relerence standard quantily of sound pressure or sound inlensily, as the case
may be

L. = Soundlevelin bel {5}
= Belis large unil, a smaller unit is decibet

Q
L = 10log,; 208
9 0 i)

Thie relerence slandard duantiiy O, inthe abové aqualion \ 620 ;
pressure i€ measurad, ) quationisiakentobe equa‘I (0 20pPa, when sopnd

» Sound Pressure Level

Sound pressure level = Lp = 10 logyp Frns
20 pPa

F o
Lp=20lo L] .
" g“’{zo uPa) )

The sound pressure levels so measured are reported as dB

1 20pPa.

e

The sound pressure level for a jet plane on the ground with sound pressur-e C_kf

‘Exammplegil’|

2000y bar should be
{a) 60 decibel
{c) 140 declbal

{b) 100 deibel |
(d) 180 decibel

Ans. (c) P
Sound pressure (eval (dB) = 20 !ugw(F;)
Pis sound pressure in Nfm?
P, is relerence pressure (2 x 105 Nim®)
For given sound pressure
P = 2000  bar = 200N/m?

SPL = 20!09( 200 }:140&3
. Losexwet)

822 Sound Intensity Level
Tha reference standard quanlity 0, in cquation (i) is 1aken (o be equal 10 1072 Wim?, when sound

intensity leve! is measured. Tha sound intensity level is thus given as

] 1
L; in dB = 10lngyg (T—O-ﬁ] where, 7is inWim? V)

()  Outofheseiwoterms, i.e, sound pressure and sound intensity sound pressure fevel on
relerence scale of 20 mPa is usually adopied 1o express, sound levels of course in

NOTE
decibels.
(i} Sound intensity varies as square of he sound pressure {rms).

{ii) Anincrease of 20 dB in sound pressure level will correspond to the sound pressure (£ )
' or loudness of sound, increased by 10 limes.
(v} One dB is the taintest sound which can be perceived by human ear and the maximum
sound which loferated by human ear is about 180 dB.

«  The addition of such sound levels cannot be done by simple arithmetic addition'because of the log
scale involved. Hence il we consider 50 decibel noise and wanl to add another 50 decibel noise, it
will not make upto 100 decibel noise. but will make up only 53 decibal noise. as calculated belov.

50decibel = 20log,e [&’—“’—]

2
Plvlii ) 50
—_— = d — = 227
( 20 amﬂog[zo) 316.22 )
- 50 decibel + 50 decibel in rm.s = (6324)% +(6324.55)° = 8344.26 uPa

B944,28
20
« 'Sound pressure level' mentioned gives a physical measure of sound, yel it can nol give perlect
indication of loudness, because it does not account for he frequency of sound. The Irequency of
noisc, thus, becorhes an important factor in measuring & sound.
I

Sound pressure level = 20 409“,[ )dB =53 decibel

—— co mmr eeehideses semem dteimme & 68 Sesa 58

Which one of the iollowing is the correct sound intensily expression with usua! i
notations? 1
{a) dB = 10log,(#1)? {b) OB =10%og, (#ig) i
{c) dB =101og, ! -V (d} dB = 10log, {f - g} }

Ans. (b)



823 OctaveBand Analysis

Angisecan bg tu!_fy characlerised by breaking it down into its frequency component called spectra
Normal prac_ttce is to consider 810 11 octave bands. An octave band is the lreqhency Ime:vai
between a given frequency and twica that frequency.

* For example, for a given frequency of 22 Hz, the first oclave band is form 22 Hz lo 44 Hz.

NOTE - An oclave band analysis is cona for community noise controt and for identifying viokators
Ry N This is usually provided by ona third octave band analysis. '
) '(m Insirument design and tesling is provided by Narrow tland analysis,

8.24 Averaging Sound Pressure Levels

o The average value of the' various reco‘rded sound pressure Ieveis‘(L,) al a particular place over a given
per d cannol be c?mgmled by simple avelaging due (o log scale iavolved in their values. On the other hand. the
foliowing equationis used o compute average pressure leval, l

o 1 el in
Averagepressurelevel [, = 20log - 5 {10}

awi
where, L, = Average sound pressure level in dB,,: 20 uPa

A = Number ol measurament readings

L, = nth sound pressure level in dB,, 20yPa
np=123..N
Say for example, the average of 4 measurement readings recorded as 40, 50, 62 and 72 4B, - 20 1Pais
ra”

- compuled 1o be 63 dB, in place of straight airthmatic average valua of 56 dB as lollows
n=4

&
%(m}ao = {(m)‘“’ 4 (107 (1054 ® +(m)”"2°]
= [100+316.23+ 1258.92+ 3981.07] = 5656.22

and L, = 20logy % % 5656.22 =63 dB

Two sources generals nolse fe;/els of 80 dB“ . i
i . and 84 dB re: . |
cumulative effect of these wo noise levels on the human sar is epectiely. Tne

(a) 184d8 {b) 95.5dB
{c) sadB (d) 9248
Ans. (b

The cumutative elfect of thesa hwo naise levels will be addilion of 90 dB and 94 dB.
Py = {1071%)% 20 = 632456.532 uPa
Prcz = (10%2)x 20 = 1002374.47 iPa ‘

p= 'JPE;"MI + P;‘fvcz‘

Cumulative effact = 2'1"09(%) =955 dB

£.3 Noise Rating Systems
Anoisa may censistof dilferent ypes of sounds wilth dilferen

pressure fevels cperaling for ditlerent time intervals, The combined 1007
resultant noise will infact be responsible for determining the human 0
rasponse and degree of annoyance caused by il. The combined 80
impact of different sound pressure lasting for dillerent petiods is i
therefore altempled lo be worked out by using some stalislical Tja_ 60 L7008 ()
measures, such as £, and L, system. g ig :
B3.1 The £, Concept 2 30
The parameter L, is a stalislical measure indicaling how E 2
frequently a particular sound tevel is exceeded. The Vafue of L, vl :g 10
reprasent the sound pressure Jevel that vall exceed lor N% of the

gauging time, Say for example, the given 70 dB value of L gpvillmean W o0 m:?n d;&) L
thal the sound leve! will exceed 70 dB for 80% of lhe measuring lime.
When L,,Ts plaited againsl N{whera N=1.2,3... 100%) a

cumulative dislribution curve is obtained as shown o tigure 8.2,

Fig.8.2 Cumulative Distribution Curve

What will be the rasultant declbe! lavel whan two sources make nalse of equal i
decibels? ' .
(a) Dacibal lovel will the same
(b) Declbel lave! willincrease by 3 decibels
{c) Dacibel level will decrease by 3 declbals
{d) Declbe! leve! will be equal 10 the sum of declbels of the two sources , |
Ans.{b) : )

83.2 The Lﬂ Concept -

L _is defined as \he constant noise level which, over a glven time, expands the same amaunl of energy
as is oxpanded by Ihe llucluating levels over Lhe same line,

This value is expressed as

jn L, where, n = total number of sound samples
. - 19
Leq = 1010016 2, (10} 2, t, = The naise levelof any /" sample
fnt t, = Time duralion of i, expressed as Iraclion of total sample lime

Using the aboveé cquation, L value lor lluctuating naise leve! of 95 minutes {i.e. the une with 80 dB
lasting lor 10 minutes followed by sound of 60 B aller 80 minule and lollowed by 100 dB Tor 5 minutes can be

worked oul as below.)
u .

1] W o0 G an 05
2‘(10) xt, = |(10)8 xg—5+(10]w x§§+(10] b xos
= 1,053 x 107 4 0.842 x 10° + 0.52632 x 107
= 10%(10.53 + 0.84 + 526.32] =537.69 x 10°
L= 1090,9(537.69x 10°)=87 3 dB



The above lluctualing sound wilh ils equivalent energy level (L,;q) is represented graphically in ligure

which reflects (hal high occasional sounds do influence the resullant equivalent value by a large extent

ool 100 48
S0 e L., =87.34B
80 30dB
@ 10 mia
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Flg.8.3 Noise graph andils equivalent nolsc level

NOTE The squivalent noise level (L) constitules animportant paramieter for gvaluating the impact of '
o tiucluating noise of all kinds such as from aircralt, street and road trafiic, rail Iraftic induslrial
machines, sports stadium, play grounds. etc. . :
8.4 Sources of Noise and Their Noise Levels

Qutdoor noise is usually produced by the following sources :

8.4.1  TrafficNolse
- Trallic usually produces a lot of v
o Yable: 8.1 Noiso Levals of Diff
noise. The amount and lype af noise 7 us-o. - or-om Zoutees of Tafie
produced by Iraffic is largaly dependent | 5No- | - - SewcoofNolsa. - v '»“!:Pal;w' '
upan the type of lraflic. Noise levels Y Alr traffic T — _— ‘
produced by dillerent types of rrallic are © @ Jel sttt at take ol stago at MI 300 m 100-110
given table 8.1 (i} Propeliar Iype aircral at lake off stage at 50-100
. about 300 m
8.4.2 Industrial Noise 2. | Raitafic (a1 about 30 m) S6-110
. . 3. Heavy road rrali {Highw. :
Noise is the ntial g ¥ (ighray) go-s0
' 5e 1S (he essential by product 4. | Medium road trafic (maln strects) 7080
of industry, its inlensily and nalure being 5. | Lighl road traffic (zide stonts) 60-70
dependent upon the type of the indusiry.

Indusirial noises are usually produced by fotaling, reciprocating or any olher types of machinery or by high
pressure, high velocity gases, liquids or vapour involved in the industiial processes. The usual noise fevel of the
induslvies is 60 to 95 decibels. :

8.4.3 Noise Produced by Other Sources

Several other human activiies, such as blanng of loud speakers and sirens, shouting of hawkers, playing

of children, general lile and aclivity, ring of temple and chureh bells. ole, do produce noise of dillerent levels
tongs and speclea. h

Noise Abatement and Control

There are cerlain noises which can ba kepl under control by legal laws and ordinances and there are
athers which have 1o be damped and altenuated by the use of good technology and town planning.
The noises preduced by aulomobiles and trains, being the biggest noise nuisance is a modern city

life, can be abaled by conslruction of walls on both sides of roads and railways lines.

Noise reduclion dB = 10log,g (——]

where, H = heightof the barrier wall

2 = wavelgnglh of sound

20H*
*A

D = Dislance between barrier and the receiving point

Ralsing of such obstructions and basriers in between the nolse sources {aute-mobiles) and residonces,

may considerably reduce the noise levels reaching the residences. Attanuation ol up o 15 decibles

is possible in lhis manner. The oxlent of

attenuation achieved by raising of such s \

a barrier well, is shown Infigure 8.4, 4 \ ~

Where Dz R and R 3 H, the noise 7 b 71%
1eduction may also be calculaled by the " \ \\ [~ 54 €
equation. ‘1\ T~ Mg
Raising of thick and highvegetalionand s 183
tree growing along sides of roads ang 1]
railway lines, olfer cheaper barriers (© é Hjsmﬁer .
cause such noise reduclion. 4 TR —emo— T (m’
Noise levels in residential building can 2 ; Lo i1

be reduced to some extant by offselling 1 l ‘ i !

the building from the main or street o P 70 60 240 30

roads by a suitable distance. The farther
is the, distance, the beller will be the

- attenuation, because the intensity of

noise reduces wilth increase in aislance.

Fig.B.4 Noisereductioncoused by boriiervialiraised

Distance from souree, Rinm

betweenanoisesource and thereceivingend.

Tabla: 8.2 Acceplablo Nolse Lavols for Residential Aross, 8s per 1.S.code 4958-1968
|27 Accaptible Gulddor nbisd lvets I = ccoplabid hdoor nolss lovelsdar .. !
: Ve robontialbidad: - ¢ -, +¥dnous typoy of Billidings . ¥
No, S enagdn e *"Notsa jovels.*
AR B d ¢ -Loeaten,., - aBla) .

i Rurgl nreas 2535 1. | Radoand TV studios 2535
2. | Suburban aroas K 2040 2. | Musk moms 30-35
3, | Urban Rasldontial arens  » 3545 3. | Hospitals, dnss rooms, 3540
4. Rasidontlat ond bur.‘nfss : 40-50 nuditoria
whan aoas . 4, Apodmunis, hotels, hames
L Conference-rooms, small 3540
oflicos
5 | Cityaroas 45-55 5. | Cour roms, privata of (eas, 4045
Lbraries
6. | Indusira! areas 50:G0 6. | Largo public office, banks 4550
siores. ele.
- 7. | Restauranis 50-55

o pnother very important melhad for abating no'ss ellecton mankind 1s (ouse proper iownplanning techniqua.



et Edpression;s

A

1. Frequency, () = vhera, T=Time period

~h=

1
2. Wavalength,L=C-: 7 where, C =Vaglocily o sound wave

h T _.
3. sz F;?)-_-“?Lp(f}d:

? X ‘
4. Sound Intensity. f= . foe ) '
a pC

where, W=Power of sound inwatt, a= Aunil
= Density of air or medium (kg/m¥)

5. Soundlovel, L= iogm B:(b]

whars, Pm = Presslire ?l any time ¢

6. Sound pressure level, L, = 20iog,, (2:: uPaJ a8

7. Sound Inlensily level, L= 10?0910( 12) dB
107

8. Averaging sound pressure levels, I, = 2mog— z (10}
ﬂ- O
inn

9. L,,=10lg¥ (101 x1,

i=l

2
10.  Noise reduction (B} = Tﬁfoggu[zgg }

A= Distance bebween barrier of Ihe receiving point.

. Noise can be defined as that unwanled sound
pollulan{ which produces undesirabl
@ physiological and psychological effects. e
. 2. Narrow band analysjs _goneixr . Inslrument design and lesling,

dang {, - (
Octave band analysis . _%@fr Communily noise conlrol and identifying violators.

[ o /

_. Objective Brain Teasers
—
Qi
muc:;::abﬁolb:fmmafemechymrdm? 3. Soundfoct convex sutface - Formed when
sration lime @ Time required 1o sound waves are refrectcd fram corwex
reduce noise by 60 dB surlace
2. ::ESPSTS:Rapons:btefmpermanemhcazing 4. <78 ; Responsible for tlemporary hearing
: logs

area perpendicular 1o the direclion of wave motion,

Qz

Q.4

Qs

Q8.

Select the correct answer using the codes given
below:

(@) 2,3and4
fcy 1,2and 4

{b) 1.3anc4d
{d) 1.2and3

Acouslics of an auditorium is considered 1o

be excellent when ils reverberation time is
betwveen

_{ay 0.50and 1.50s (b) 1.50and 2.00s

(c) 200and3.00s (d) 3.00and500s

What tvpe of noise can be abated by providing
lining on walls and ceiling with sound absorbing
malerials?

(@) Source noise

{b) Reflection noise

{c) Siructuralnoise

{(d) Direclair-borne nolsa

Amachine in asteel plale fabricating industry
i found 1o be producing a sound ieve! of 50
dB. In thg expansion plans one more such
machina needs lo be added. Whal will be the
combined noisc leval? .

{a) 80-10008 {b) 101-15048

(c) 51-70dB {d) 40=50dB

For noise measuremenl, lormula for sound

o P .

pressure level (SPL)is 20 log o What will
w!

be the resullant noise in dB it Pis 0.0002 p bar?
a0 (b). €0
{c) €0 {d) 100

Consider the following stalements:

1. Noise poliption can be reduced using
dauble-glass windaw panes.

2. Glass absorbs the noise.

3. Theairlrapped inthe double-glass syslem
acis as aninsulator and reduces the noise.

4. The noise totally reflects back due 1o the
{wo layers of glass.

Which of these stalements are correci?

(@ 1.2.3anda (b} 1,2and3only

{c} tand3only {d} 2and 4only

Qr.

Q.8

Qe

Q.10

Consider the foltowing statemenis:

1. Soundis a form ol meghanical energy from
a vibrating subslance, iransmitled by a
cyclic series ol compressions and
rarefactions ol the molecules ol the
material through which il passes.

2. In a pure tone, the wave patlern of lhe
allernating poesitive and negative sound
pressyre is ¢f ideal sinusoidal form wilh
tixed wave length, {requency and
amplilude,

3. The speed of lransmission of sound is a
{unction of the transmilting medium and
ils temperalure.

4. The audible range of 200 lo 25000 Hz is
considered normal for young adults.

Which of these statements are correcl in

raspect of sound transmission?

{a) 1.2,3and4  {b) 1. 2and4only

f©) 1.2and3only (d) 2 3anddony

The cumnulative noise power distribution curve
at a cerlain location is given below.

E. 10k

)

i

i3 '

™

& ~

50 Moo Lovel, dBA - 100

The value of L, is equal to
{(a) 90dBA (b) 80dBA
{c) 70dBA (d) 60dBA

The reference pressure used in the delermination
of sound pressure level is

{a) 20pPa {b) 20dB

(c} 10pPa (d) 10dB

According lo the Noise Pollution {Regulation
and Conrol) Rules, 2000, of the-Ministry of.
Environment and Forests, ladia, the day time
and night lime noise level limits in ambient air
for cesidential area expressed in dR(A} L arc
{a) S0and40 (b} S5and 45

{¢) 65and55 {d} 75and 70



1,
6.

R Ariswers

@ 2 (8)

3. (b} 4. (c) 5.{a)
(¢ 7.(a) B8.{(c) 9. (a) i0.(b)
Hints and Explanations:
(a)

Ans.1

Ans.2

Ans.3

Ans.4

Revarberalion lime is lhe lime required 10
reduce \he inlensity to one-millionih of irs initial

value,
101log [—ll)
/2

10 log (10%) = 60 dB
TTS (Temporary Threshold Shilt) is lemporary
impairment of hearing acuily as indicaled by
change in lhe threshold of audibifity. PTS
{Permanent Threshold Shift} is relaled (o
permanent hearing loss. The sound loci are
formed when sound waves are reflected from
concave surface,

(a)

Far excellent acoustic conditions, reverberation
lime should be between 0.510 1.5 seconds,
(b)

Sound absorbing materials does not reflect the
noise and hey are moslly used in thealres etc.

(c)
The sound pressure level in dB 1s given by

_ Brims
L, = 201l0gyg [20 pPa]

Sound level of 1% machine = 50 dB

Sound fevel (dB)

1]

50 = 20 109,3(-2-34‘1"-;—6]

50
Eg’j’l';—a = Anlilog [E]
= Dy, = 6324.55 P
Since the sound level of 2% machine is also
50 dB, therefare p, . of 2" machine will also
be 632455 pPa.
. Resultant sound levelin rms

= \f(6324.55)2+(5324,55)3 = 8944.26 pPa

26
LD: 20!09[0 wg ) )

Ans.5 (a)

=53.01dB
P
SPL= 201 —_
UQIQ[PM}
£, = 20pPa
P =00002pbar
= 0.0002x 10°pPa
0.0002x10°
s SPL = 201 _
» 0910[ 70 }
= 20log,{1) =D

Ans.8 {c)

Ly s the sound prassure level in dB which is
exceeded lor 40% of the gauging time.
100-0 _ 9
100-50

'+ Curve is a shraight line, hence slope ia
canslanl

Naw, stope of the given curve =

oo 40-0
Ly =50
=2 Lyp—-50=20
= L= 70dB

Ans.g (a)

The sound pressure of the faintesl sound that
can be heard by a normal healthy individual
is aboul 20 uPa. Hence, Lhis pressure is uscd
as.relerance pressure in delermination of
sound pressure level. - )

Ans.10 (b)

Ambient air qualily standards in respect of
Noise as per Noise Pollution (Regulation and
Conlirol) Rules, 2000, of the Ministry of
Environment and Foresls, India are tabulated
below:

i?:?zoo'z:l Day time | Night time
induslirial Area 75 70
Commercial Area €65 53
Residential Area 55 45
Silence Zone 50 40




