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t'.I.I lnt roducLiott

An impùrr.ant [unt:tion ol a builcling is: t.o offer a shelterr ¿utrongst

rrLher thi¡¡1s, againsL ext-ernal rroise. I1 this respeclt windows may be

relaiively weak spots. The paragraphs which follow concern Possibilities

to provicie quicL without sacrificing the pleasure of adequate daylighf

anC a vlew ouLside. They apply to both, edifices which sr'ill have Èo be

built and Lhose which need correction or adaptation Lo either increased

noise or increased requirements'

Ilany ,3isappoíniments have taught that attention to noise problems should

be pa:id from the first stage of design of a building till the main¿enance

of its windows'

The followi.ng may be applied without excessive calculations. The

reader is expected to be somewhat familiar with fundamentals of acousticst

a short refresher of which is given in the annexe 6'2 B' In criCical

situations calculations and possibly measurements may be needed for proper

decision as to the require-d insulation. The mechods will not be dealt wit'h

here,ascheyrequire-judgmenttoanextentwhichcanonlybegocfrom
intensive training and experÍence. In vier¡ of cornnrunication with exPertst

some Beneral information is provided in the annexe 6.2 A on criteria for

índoor levels of intrr:ding sounds'

e .2.2 Reducing ou [door levc i- s

Excessive problems of insulation may be prevented by reducing rhe

burden of souncl upon r.vì'ndows. Possibili¡ies may be found in: noise abare-

menr ar the sources; rep.ional and torm planning; selecLion and iesign of

the building siLr::: sci-eening r-hc buiLding or- its windows; adequate layout

of the bui I ding '

Ás a rultr, Lir¡rr-uriori of the noise jn thc cnvironment of the (f uLure)

'l.ruiÌr-lirrg will bi: bcyon.J thc power ol the dcsigner or the principat' ['ir

î..hos;f, spcc i al cr5trs wlrerc' i t is wi Lhirl their compctencernoise abatement

slrrrul.rl :;tarl ai tlie SourLc!;'

P,otlr irr '1r,.,t;,'lL.c'i6¡1 ¿rrd thc pl-annin¡l of Llre'site tht'<ljstance oi

¡f.1a i.,uilrJÍrr,r- 'ir Iros:;Í.i¡Ì{' noise souf-('(r:; shclulcl be t-:crnsidercd' t}oubling

I lrr, ,.l i ,,t ;¡rlr ¡ '/i r'l <lr, .¡,r impr':r't'nlcrr L of t¡ dB(A) [or a point source ' arrd

àppr.rLxrrrratr,r5, j rllll\) {,¡r-¡¡ lirr{¡ s()rrc('(strclr dli coTìt.ìnuous road rratfic).
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The effecc of screening is in the order of l0 dB(A); under favour-

able condiLions ir may be as large a5 20 dB(A). screening is toost ef-

fect^ive with higher frcquencieso Four Lypes of screerring may be distfr¡-

gui shed:

a) by separate screens, such as walls. Size and disLance have Èo

be arlapLed to Èhose of the source and of the part of che façade

to be screene<l [6, 16].

b) by projecting or recessed parts of the façade, such as balconies

eÈc. However, ir should be kept in mind that such devices, whilst

screening one windor¡r, may ref lect sounds towards other windol¡s.

This effecr may be reduced by the application of absorbíng rnaterial.

c) by rhe building irself: by proper layout of the building and ade-

quare position of rooms and windows which are critical with regard

Èo external noise.

d) by other buíldings, which are

noise. This roay be aPPlied in

trial, comPlex and esPeciallY

less critical from Èhe angle of

the design of. a largerr e.g. indus-

in regional and Èown Planning.

In the structural plan already, attention should be paid to the pre-

vention of noise passÍng from one room to Èhe other along (opened) windows'

6.2.3 Factors in the sound i-nsq!.ation of windows

6.2.3.1 Sealing

AdequaCe seaLing is a firsr condition for sound insulation. OËher

things being equal, the insulation of a normal openable single window, when

closed, is approximately B dB less than of the well-sealed window' the re-

duction can be even greater in the case of double windows as the combined

effect of r¡indow and gaps depends mainly upon the lacter [7]'

('.2.3.2 Mass ,"t *2

The airborne sound insulation of a glass pane (of infinite size) de-

pends upon i.rs mass per *2(*), i.e.-approximately upon the thickness (h),
1

the relatÍon being: m ^r 2t5 h (kg/m'; nTn) '
2

Up to a ccrtain frequency (vide nexl paragraph), doubling the mass Per m

yieldsapproximar-e1y/+...5dBmoreinsuLat'ion('lmaSslaw|').
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b .:.3.3 Bern<i!ng sl.i f f ness"

Frgm a certain freiqucrrcy - called c.ritir:a1 trequency, fa- onstardt

t.he irrsulation is much (up to l5 or 20 dB) less Lhan might be expe:t'-erd

acci.rcling t(a the mass law. This is due t-o t-he projected wavelength of

t¡e inciclenl sound being equal to that of tree bending \^¡aves within ¿he

pane. This effect is called trcoincidence effecttr. As far as possible rhe

critical frequency should be larger than Lhe relevanE frequencies. Its

value depencis upon the bending stiffness of the pane' which again depends

upon h:

t. -# (Hz; rn¡n)

Because of this effect, there is no use - with regard to conrmon roai

rraffic noise - in applying single glazing with h > 10 or 12 mm, i.e.

with coincidence frequencies ( appr. 1000 Hz. The marginal effecc of in-

creasing the t.hickness beyond 10 rmn is shown in the left parr of Fig.

6.212. Where more insulation is required, double or possibly laminated

gLazíng should be applied. Laminated glass a1lc'ws an increase in thick-

ness withor¡t the corresponding lcwering of the critical frequ"".y [e].

For double glazing, vide par. 6 .2.':'6.

6 .2.3.4 A'rea

The effecL crf halvir'g the windr.w-size -in Lhe case of well sealej

windows in a weli insuiatlng façade - is 3 dB. ln manv practical si:-ua-

tions it vtil I be less.

6.2.3.5 Angle of

By

ci dence

noise in
ç9Un¡- r:'f

inc i dence

and Large, the ir sularron decreases '¡irh ir.lcreasing angle of in-

(wi¿h rhe normal of. the pane) . As a consequence ' levels of rr-af f ic

rLoms c. higher tlocrs are hr-ghr:r Lhan mrght be expected cn ac-

LLre i arger di s La;'<.t .

t:.2.').6 Doub le--8 I azing

In case of <ioubì€, panes (Lhrcknesses h, u.n nr,, clistance c1) the in-

suLaLicir is p(.()r r.ear rlre r(jsoÌrarìcc it:riqut'trcy (tr) of Llr.'svsLem (glass-

ai r.-¡ll t' t;..,) . Ft-'r lc,wer Irr:q1¡¡n6res it i s much thei samc as t.hat of olìt] p¿iì'

wit,ir r.. liick:lts:, h : h, t- hr. Aircve r-he rcscllance lrequency tht' €'ìf t¡ct- trf

Lht: ai r spar-r: i,rcrtast:s sLronFìv. llhcrr:fore iL is irnportant that ¿trrek-

r.t()sa(,(, artrJ ,li:)r a¡('(-, of t hc pani:s arr, such thaI t]rtl resonanc(1 f requettcv is

Lnw as l,,riìi)arcti wit.h rele'vant f I'etluìlrìcie$'

nrt s (k as t lìc resonance f re



0-t+

1s found from:

fO=ó0 * *r, H L,z \/ti,Vå,å,
* *r''

It follows.rhar Èhe common type of double glazing (wieh panes of

4 rrlr, and a disÈance of 8 or 10 rm) - effective as iÈ is for Èhe¡mal ln-

sulation - is poor as regards sound insulatfon: the resonance frequency

is abouÈ 200 Hz, the frequency of maximum polter of road-ttaffíc sound.

In view of the coincidence effect (par.6.2.3.3) it is recmended

rhat h, * hz. vide Fig. 6.212 a¡d 6.216.

InsulaÈion of double glazing ís much improved in all frequencies

by increasing the air space. Especially for good results in Èhe lower

frequencies a large air space (e.g. 15 cm) is required.

To some extent insulaÈion may be improved by the application of

soundabsorbenÈm¡terialÈotheedgesoftheairspace.lheeffecÈis
small for the lower frequencies. llith road-Èraffic sound a gain of

2 dB(A) maY be exPected [S].

6.2.3.'I ltgtg
lJith openable windows without gaskets Èhe insulation is better

\rÅ.
Èo\exÈenÈ that the frame section is larger. I'¡ith sealed windowb or

çindows wich gaskets the insulation is virtually independenc of the type

of frame. Gaskets are.nrore easily applied with wooden fra¡nes and nowadavs

they rmrst be considered part of their construction.

6.2.3.8 ldge-mguntlng
I.Iich regard co the effect of various nethods of edge rncu:lilngt

findings show considerable differences. These may be due to Llrc f¿cl

thac elasric materials may loose theír danping effecc if not applied

wíth due care [?].

6.2.3.9 Ventilatlog greningg r \ -
For rhe middle of Lhe room the average lcvel differenc"t'(D) of an

open window is 10 + 5 dB, depending upon the size of the opening' Near

¿he window it. is vÍrcually zero. Apart from very low requirements as

regarrls insr¡latiorr, and apart from situationüwhe¡:e sufficient fresh air

t ),rr.Jp Ji'l¡rr tr. Z BQ.
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nåy be applied by opening, windows during cluieL periodsr sPecial pro-

visi.ons will be ne eded f or ventilatior¡.

A conunon single window - eiÈher openable or sealed¡ and wiLh, say¡

4 nun glazing - may be combined with a snall venLilaLion opening (possi-

bly wirh a powered fan). Wlren ttris is closed t-Ìre average leve I dif-

ference of rhe combinar-ion is 18 tc 20 dtlr approximatel.y equal to that

of an openable window. When it is open, tiris will result rn a reduc-

tion by one or two rJB.

Ifhere (sealed) windows with heavy or possil¡le dcuble glazing are

required, the sa¡ne ventilaEion sysÈen woul¡J spoil their effect. For such

cases a solution nay be found in a double r.¡indo¡¡ çith srnall staggered

ventilation openings (the ouÈer one possibly with a powered fan) anC

wrth absorbent mat.eriai on Èhe edges of the air space. The average

level difference srill be at least 30 dB when ..he svstem is closed

[0, f7]. fn all cases of Éorced ventilation -whether simple as t.hose

mentioned above or part of a larger installation - its effect on the

balance of sounds from outside and those originating wÍthin the inte-

rior should be considered.

6.2"4 Selection of window IYPS

Often an expert analysis will be needed for the proper solution of

insulation problens. For ordinary situations graphs, t-ables and recorn-

mendations in practical terms are available as aids to designers" This

applies especially for a very ccffrnon kind of ouEdoor noise, i.e. road

traffic noise.
û

Table A.-Z/ t shows differcnces betr.reeri the levels outside near the

window and inside on sonÌe distance of the window for various '¡indcw

types. The values, iraving been det-ermined for dlffuse sounci ficlds

(wherças most oucdoor noise is direct-ionai.) anJ for cert-airr practical

conditions of application, are approximal.ic'rits, mairriy fcr t'hc purpose

of cornpa r j. so¡t '

Ëi¡.rrrc (;.2/? alJows a cor.parí:;on of effccLs in dB(A), fi'r stâldardi:t'd

road traffir.noise , obt.uincd v,¡iLh r,¿rious lypc's nf ¡, lazinq 1n htell sealed

wi ndr.rws i- ,l .
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Table b.2/J shows a simple system for the selectior¡ o[ adequaLe

r.¡indow types as regards roarl rralfic noi* [4]. Another such syscem [3 ]
consist.s of two Èables: the required class o{ insulation is found from

f igure b.214, and subsequently f igure 6.215 shows the types of windor¡s

within that class. Both systems are based upon a classificaÈ.ion of rooms,

Iocations and windoh/ constructions. Rooms which are noÈ menÈioned nay be

dealc wj.ch by analogy. ActenÈion is called to differences in both classi-
ficat.ions of rooms. As is indicated by Èhe presentaEion, because of under-

lying assumptions, accuracy is 1Ímited to approximately 1 5 dB.

The reader is referred to f8l for elaboraÈe documentat,ion on insul-
acion values of windows.

6.2.5 Lmproving existing windows

According to paragraph 6.2.3 che main possibilíties for improving

Ehe insuiation of windows are:

- beLter sealing

- chicker gLazíng

- apPlying an exLra window or increasing the distance between
pane s

For optimal results their application should be balanced. WithouÈ

adequate sealing oÈher measures will noE be effective. Perfect joints

bethreen v¡alI and frame and around the glass are a first requirement. Fof

windows without gaskets (older types of wooden f rames; possibl-v also

metal frarnes) fitting and adjusting may be improved; gaskets may be ap-

plie<i (e.g. PVC, neoprane, aluminium). In windows wit.h gasketsr repiace-

ment of the latter may be rrecessary. Injection of elastíc gaskets may

be consrdered. For the adequate application of rhicker glass, double

windows or increaseci air space, pri.nciples will be found in paragraph

6.2.3. In such cases aLtention should be paid that the construction is

adapted to t,he increased weight and chat building regulations are re-

spe cteri.
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Table 6.21t: Approxirnate aver^age level
types of window". [4]

ConstrucÈion

diIferences (õ) for various

õ1)

llide-open window

Slightly open single window

CIosed t'openableil single window

Sealed single window (3...4 rm glass)

Sealed single window (6 qru plate glass)

Sealed single window (9 m plate glass)

Ventilated double window (5 percent area of rrindirecÈft
venÈi 1 aÈion )

Closed "openable'r double window (any weight of glass,
with an air-space of 200 run and absorbent-lined
reveal s )

Sealed double windovr (4 n¡n glass with an air-space of
200 røn and absorbent-lined reveals)

Eealed double window (6 rm¡ plate gLass with an air-space
of 200 run and absorbenc-lined reveals)

Sealed double window (4 ruu glass one síde and 6 nm plate
glass other side, 200 nqr air-space and absorbent-
lined reveals)

dB

about 5

10-15
18-20
23-25

z7

30

15-20

30-33

42-43

Iû

42

l)tr," values include some allowance for
parts of the façade and for flanking

tradi tional construct.ion.

Èransmission by other

transmÍssion, wi th notrnal
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dB{A)
RA.

¡
(0

FOR ROAD fRAFFIC
NOISE OXLY

20 40 60 80 r00 120 1¿0 1ö0 mm

WIDTH OF AIR SPACE

8-12 mm

5 -12
I -8
r.- t2
6-t
2 -12
lr-8
6-6
¿* 6

L-L

FtG. 6 2 t2 INSULATION VALUES'' OF

rHE vÀLUE5 ( Rar ) APPLY

OF ROAD 1R^FFIC SOUNO,

PÂRAHETER. IXICXNESS

VARIOUs TYPES OF GLAZIXG.

FOR f H€ A-WE IGHTED LEVEL

sr^xDARDtZED ACcoRDING TO I s]
OF PANES

7 /-.'!e
/;'á
t /tz .-'
L'-,! -,

71 ç i IG TNC AFD GE LUID EN LICHf E 79- |
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Table b.2/l: Recor¡unertrir'rl w j ntiow

act:ordirrg t () roÛrts

t ype s h/r. L

a¡rd ioc:at

lr r cgard

r,rn:; | 4] .

t.r.¡ roacl Lraf.fic noise

îlc
Rtlom Locatrctn

A/ß

Lecture cheaLre

e tc. Double Double Sealed Sealed
heavy líghc

Bedroom Doub le DoubIe Sealed Sealed
heavy light

0penable
lighc

Living room Sealed
heavy

Sealed Openable
light lighc

Openable Openable
IÍghc lighr

Cl a s sroom Double Sealed
l ight

Openable
light

Openable Open
light

Executive office Sealed
he avy

Sealed Openable
light light

Openable Open
1íght

Gerreral office

r,{here :

A

?,

C

Ope nab I e
light

Openable Open
light

Open 0pen

ArLeri al roacis with man,v heavy vehicles and buses

( j ) Ma.jor roads '¡ith heai r traf fic and buses

(ir ) Side roads wíthÍn 15-;:J m of A or B (i) groups r.r¿ds

(r) lfai¡: residen¡ial roads

(i j ) Side roads wit-trin 20-50 m heavy traif ic roures

( i i r ) ilourtyards of bLocks oi fla rs scrccned f rom direct
vrr,'; oi. lieavy traIfrc
Rcsitlr:nti;rl roads vrit-h local traf fjc onll'

( i ) ll il,';r ro¿dr;

r i I I / ;rrrlcn:' .lf lxlu:,.r, ivi llì traf f ic r'¡rr¡tcs morÈ than 10tlm disL.ln'.

,)r,¿ ; t, i iìrn f r¡l I i( r tìt¡l ('S

i'1,,, r.:, oí f r'w lo, ¿¡ troic'('s and only very diSÈant traf f iC
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Table 6.2142 ReCos¡nended classes of insulati<tn ( 5....
road traf fic noisq: according' to t-ypes of

road and disLance [3].

.0) wlrh regard

roomr types of
to

distance ! type ot room

m Alr c D

Main road in citY;
close building;high tr. densitY

spaced buiiding;med.to high density

5

4

5

4

4

3

3

2

Motor highway; high traffic densiLy 25

80

250

5

4

2

4

3

1

3

2

0

2

1

0

Mo¡or highway; medium traffic density 25
BO

250

4
3

1

3
2

0

z
1

0

1

0

0

üain through route I
25

80

3

2

1

2

1

0

1

0

o

0

0

0

l,fain road B

25

BO

2

1

0

1

0

0

0

0

0

0

0

0

A

B

I.Ihere:

c

D

0 .... \

residential rooms in dwellings, hotel rooms, paLients rûLrrn:i

class rooms, private offices, study rooms, librariest

conference rooms, lecture roons, rooms for medical invesr-

igation or Lreatnent, churches, audiLories

0ffices for two or morc Pcrsons

I arge oI f i cc s, re st auran ts r shoPs ,

cl.r:;:;es, apPliecl in lable 6.2/5
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Table 6.215: Classiftcation of windows according t0 insulatiorrl) t3]

class

0 - l¡i¡¡rJow r^rith gaps, eiÈher wich single glazing or |tthermalrr double
2)glazing

1 - window wil-irout gasket,, with then¡¿l double gLazíng

- joinc *irdoor3)tithout gasket, E h = 6 rsa

2 - sealed window or window rtith gaskeE; 6 nrn pane or Èhennal

double glazíng

- joint window, with gasket and I h : 6

3 - sealed window or window with gaskeÈ; 12 s¡u pane or mulci'ple

thermal glazing

- joint window wiÈh gasket; X h è 9 r¡¡u; disÈance d:4 ... 5 cm

- 2 separaÈe windows çithout gaskets4), t h> 6 rm; d> - 10 cm

4 - joint windorvt{ith special sealing; X h> 9 Ím; d> 6 cm

- 2 sepate windows, with gaskets; X hà 6 rnn; d à 10 cn

5 - joint window, acoustically disconnected, with special sealingt

Xh>9mtrd210cm
- 2 separate windows, with special sealing; X hà 9 ¡rnr; d 2 15 cm

1)rh" classification is based upon the airborne sound insulation index I..

Vide annexe B, paragraph 9. It increases in steps of 5 dB fromS 2+ dB

(class 0) to 45 49 dB (class 5).

2)*o panes, sealed, with air between thetn, distance d æ I crn

3)rro single windows erith co-axial hinge on comnon frame; distance I 100 n¡n

4)Eithur in separate frames or in cortrnon Irame: independent hinges
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AI.¡NEXE 6.2 A

Noisc r¡-tinF, and critical i¡rdoor leve-ls

In critÍcal situations, calculations and possibly neasurenenÈs r[ay

be needed for proper decision as Èo Èhe required insulalion. DÍscussion of

t]¡e methods is considered outside the scope of chis chapterr as their ap-

plicarion would require intensive training and experience. Basic data are
t\

criteria for indoor levels from intruding souncis". Therefore, some inf orm-

aÈion on this subject is given below. From a great varieÈy of rating proce-

dures only twor rêco*rêoded by ISO [1] , are dis.,rssed.2)

For many applications iE will- be sufficient to check wheÈher che

indoor levels will not exceed cerÈain critical values when a window type

(and façade) with cerÈ,ain insu.lation characËerisÈics is applied in an

environmenÈ charact,erized by certain levels ouÈdoors. On oÈher occasions

it may be necessary tc find out che insulation requireruenÈs for a given

combination of external levels and criÈical indoor levels. In the first

case it will usually be sufficient to apply A-weighted levels, whereas in

the second case a spectral analysis may be needed to find out which

frequencY interval is critical'

6.2 Al lali!8-wlrhout-sgegtral anal¿sis; ]ratlng gognd leyel'r
In view of pndiction to what extent a sound may interfere htiÈh ac-

tivities or restr it is attributed a ttrating sound level", (Lr) according

to:

Lr:LA+Cl+C2

where

tO - A-weight.ed sound level

ct = 5 clB when Lhe noise is impulsive (as with hanrnering) or

when it contains pure tones ( as with a circular saw) or

both' cl = o in all othei ''ases'

cz i s f ound f r,rm a table acc.''rding Lo Lhe duration of rlrc sound

as a fractj.on (p) of the relevant time period. c" varies

rrom 0 for Or05 ( p < 1 ro -30 for p < 0t002 (This part of

the reconunendations has been criricized: the effect of rime

,por¡ annoy:nce i s mcrre complef ; in certain cirCUtlsÈânc€s

ItThir "pplies f,rr 
proper window design in individual cases' IÈ ls under-

stood that ft;; 'i'"-it1"t 
oi vi"' cÏ n.ise PrevenÈion ç¡i¡ical values

.. l:: -"::î::::. ]:"j'l':,:':'.::i",::;.""ï'll,ì". For ,.,r-her Frscerures v:.Je s,.g.[*,:å''l
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it may cvcn be i¡r a direction opposite to Èhe suggested one).

For sounds which flucÈuate Eo such an exEenÈr thaÈ no flxed value

of LO can be attribuÈedr L, may be found from

c1'

where L_ is the ttequivalent sound leveltt, calculated fro-m a time analysis
e

of LO according to the equal energy principte [i].

The rating sound levels L. rnay be compared with relevanÈ criteria.

For the time being r.he building designer has Eo do without inÈernational

criteria on índoor levels. The quoted recorrnendations [1] - for purposes

of zoning and CeaLing- vrith coraplaints - er€ paimarily concerned with out-

door levels. An appendíx ("2) shortly deals'¡¡ith criEeria for Índoor

leve1s. The abstract in the table below may serve as a guide to desi$nêls'

For rhe sake of adequate ínterpretaÈion ste quote frorn [1] rhat

- in a supposed conununity, rrno-rretr sporadic-tt or ?rwidespread com-

plaintsrr (i.c. 'rith regard Èo noise from outdoors) must be ex-

pected when the crir.erion is exceeded by resP. or 5 or 10 dB(A).

- the criferion for noise from outdoors ín residential premisest

usually I'should not be set below 20 dB(A)"'

OF RATTNG SOUND LEVELS (L

L =1, +re

CRITICAL VALUES

workshop, according to ín[ended use

large cyPing hall
I arge r re s caurall t

7545

larger oIf it:e, meeLing

resiclential Premises in
at nighr

room

residenLial di stricLs,

;;
45

35

201 )

Rar-inc wjth sPectral

Ijrom ¿¡rl 1' l'vel

anal ysi s; t'nr'i se-ratlnÊ
--L-¡---
L - [or tht: oc¡¿rreS iri

numbe rtl

Ltrc range 31r 5 to 8000 Hz
6.2 A2

(cer,trc Ireog¡'lr<. ie s;) - a corrOspr-rlding IevcI L¡ rS calct¡laLCOt

ac, ordi¡'1. to
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Lr = L + Cl + Crr where C, and C, are chosen according to peragraph A1'

Subsequently a rrnoÍse rating nunberrr (NR-number) is aCt'ributed to

Èhe spectral distribution of Lr ¡ by means of figure 6'2 Altt the NR-nunber

being the number corresponding wiÈh the lowesÈ curve that Ís not exceeded'

lnCerpolaÈion may be applied, buC Èhe result will easily suggesÈ û'ore Ac-

curecy Èhan can be accounted for, because of approximaUions in both tåe

raÈing system and the decerrnination of L values'

The criseria for the NR-nunbers 8re 5 uniEs lolter than Chose for

Èhe raring sound Levels in dB(A)' vide paE' A1'

l{t¡enthecriticalvalue.isexceededicÍseasilytobeseenfrom
figure 6.2A1 1, whÍch frequency range is crítÍcaL for improvenent of the

si tuaÈion.
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Annexe 6 .2.81 1

0*r8

SOME ACOUSTICAL CONCEPTS

6.2 81 Sound is experienced when Lhe ear is sÈimulared by Pressure flucÈ-

uations wi¡hin a certain rangg of frequencies and inEensiÈies. The hunan

ear responds to frequencies frgrn about 20 Hz (or c/s) to about 20 000 Hz;

in rerms of pirch: a range of ten octavu" (tO3 being approximately equal

to 210). As regards audible int,ensities: the smallesÈ Perceptible values are

in the order of 10-12 W 1pZ; hearing wirhout pain (though not withouc dis-

comforÈ, neither - on the long run - vrithout hearing da.mage) is possible

up to about t00 W/m¿. This range of intensitiesmay be exPressed as a factor

1014, rl4 decadesn, tr14 log uniÈsrr, or, in the acoustical terminology:

140 decibels (dB), one decibel being 1O ot a log unit'

6.2 BZ As a rule rhe intensity of sound waves is characÈerized by a dinen-

sionless nurneral, called sgund level (1,). tt indicates to what' extent the

intensiEy (I) exceeds a certaÍn reference valu. (IO). It is defined by

L:10log (dB).

For sÍngle sinus ¡¡aves (pure tones) intensiÈ,y varies with the square

of the sound pressure variauion (P).

I
%

L=10log

where Pg is the

6.2 83 For rßanY

ested in sound

not relevant.

2

los%=20los
po

P.

P0
å =10to

P1

p2

I,
T2

îz
T,0

rt
r-o

(dB)

pressure variêtion corresponding with IO'

applicacions, such as sorrn<l insulation t r,¡e are onl,r' inter-

Ievel differences, which means Chat the reference value is

L - L^ = 10 log1/_ - 10 log = 10 log : 20 log

For other insEances the reference valtre has been standardized as

-5 )
p(,, = 2. 1O-r r.,-/mr (i.e. approxirnatel y the prcssure variation which corres-

ponds wirh the audirory llrresholcl ac i000 llz for the standard ear). Where

1,. rhi q roFr,r:r"nr.n value is appl jed, Lhc sound lcvel is called rrsound Pressute
i 'f,r,..i ' "',, l-¡¡¡¡ | rr .

( dB)
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Lr. 2.ro-5r.¡/*2 = 2o log 
#

or shorclY:

L: ZO fog g-
2.to '

6.2 84 Holrever, !.raves with the same value of L may differ as regards

their acoustical effect or their ínÈerference with resÈ or activiÈies'

For this reason a full description of a (steady) complex sound requires

a spectral analysise i.êr â sLâÈêment or graph of values of L for various

frequency ranges. According to the required accuracy Èhese ru¡y be inter-

vals of e.g. one ¡ lz ot { o"tt"'

6.2 ¡5 For flucÈuating sounds the full physical descriPtion requires a

ÈimganalysisrinÈermsoflevel"tfrpwhichínthefrequencyrange(e'g'
ocrave)wieh cenÈral frequency E, are ãxceeded duríng p percen. of the

Eime (P e.g. 5, 10, 50t 90)'

6.2B6FormanyPracÈicalsfeuatÍonsthecomplexcharacÈerizationof
sounds and insul.aÈions by a spectral analysis can be avoided by the use

of a certain weighting círcuiÈ in combinaÈion wich che sound level meter'

ThÍscircuit,liketheear,reducestherelaLiveweÍghtoflowfrequencies.
The resultÍng values of L, called I'A.weighted sound level"" (LA) and ex-

pressed in dB(A) show a good relation with human resPonses of the kind

menEioned above '

6.2 B7 It is a rather cormnon error¡ Eo Çonfuse insulation and

absorption. Applying absorbing maLerial to a wal l wiII not

reduce the sound tr.rnsmitted. (l.lncler unfavourable conditions

the insularion may even be r^rorse.) The only c'ffecr will be

reduction of ti¡c sound reflected by the wal l '

I
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i.2 88 l,Iichi¡r the field of insulation, distinction has to be made

between Lr¡o types of intruding sound, depending upon wheEher or

not they âre transmitted within air before the transmission in

the barrier. They are catled respectively rrairborne soundtr and

ttimpact soundrt. Impact sounds are for instance sounds caused by

hanrnering in other rooms cf the building or by knocking upon a

window. I^Iith regard to the sound insulalíon of windows only air

borne sounds are relevant.

6.2 Bg Some of rhe numeralsr applied to characterize building materials

or elements wich regard to airborne sound insulation are:

- theItIevel differenc€tt, D

D = L. - L^I¿
where L. level in the source room

I
L^ level in the receivÍng room

I
D depends noE only from the barrier, buÈ also from the

reverberation time (T) in the receíving room. Therefore,

- rhe rtnormalized level dif ferencstt, Dn, is def ined by:

D_:D+l0log2T
n

Boch D ancl D' deperrd up,:n tite srze,rf rhe barrier. Therefore

Lhe material as such may be characLerized by:

- ¿he'rscund reducLion index"t

R=Lt-12+10 loså

where S is area clf Lhr. t.csL speci.me:r artcl A Lhe absorPtion in

the. recei.virìg ì.'(ìorrr, R i s rneasuretì in t-he Laborattlry i.e. wit.h the

exclusion of flankillg t.rartsmissicìrr . Tl¡e same measurcmer¡L ín prac-

tical siIuarions yielcls a ILrr^ter vaLue: R:.

All the above numerals depelid uporr trequency. Procedures for

their specLral measurement are recon¡nend"a it't [f f] . For many Pur-

poses it is sufficient to krrcw average vaiues for 100 32OO Hzz

- õ, õ . ñ o- tì

- Lhe ,'a i rborne sou,,cl i nsu I at ion index'r, f 
" 

compuLed f rom deviations

or r'rral'smissii¡rr ioss'r, R

rtr

...,''i.",.i i..ì'
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of R fr¡¡m a sÈ¿ndsrd dls¡ribution (wiEh respect to sound

insulatf.on between d¡*elLíngs). ßîJ

The above (89) applles Èo dlffuse sound fïeldst and

rherefore, for exanple, to sound insulation between roomsr

In the case of wíndows and ouÈdoor noíse additiona coú-

pLlcations occur, due to the directional eharacter of the

outdoor sound. On t'his subJeee lte must refe¡ to the

liter¿tur" fl, a, 13r 16J .


