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Preface

The tests outlined in this report relate to the practical possibilities of increasing the
sound insulation of windows, primarily against traffic noise. The tests are a part of
an investigation on traffic noise, which the editor and Hans Elvhammar E.E. are
conducting for the National Swedish Council for Building Research. The preparatory
investigations were given as an examination subject to the technological students,
Lisbeth and Ingemar Fall, who carried out measurements on traffic noise in streets
and Leif Olsson and Arne Pauli, who did the first laboratory tests. Other members
of the staff to whom the editor wishes to express his thanks for their valuable help

are Sten Ljunggren E.E. and Karsten Lande.

As the theories only permit qualitative judgements, they have not been included in

the report.

In the tables contained in the appendix the arithmetic average value R, the airborne
sound insulation index Ia and the traffic noise insulaftion index |f, which were used

for all window constructions tested in the survey, are to be seen.

In the article la and It have been calculated with a maximum total deviation of 16dB.
With the definition of the airborne sound insulation index given by ISO in its recom-
mendation R880, now about to be published, the maximum total deviation permissible
is 32dB and the maximumdeviationwithin an arbitrary frequency range 8dB. In the
appendix Ia is calculated according to ISO R880 and It with the same maximum de-
viations (32 and 8dB). This change means raising Ia and If together with the values

given in the article by 1dB.

Arne Tryckare AB 1948
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Frekvensvdgning for bostads-
buller respeklive trafikbuller.

Frequency weighing curves
for residential noise and
traffic noise

Ljudisolerande fonsterkonstruktioner

De flesta fonsterkonstruktioner utgdrs av tvaglas-
system. En sadan akustisk dubbelvdgg har mycket
lagt reduktionstal i omradet kring dubbelvéggens
grundresonans. Denna bestdms av glasens ytvikt

och luftspaltens bredd och ligger i allmanhet under
250 Hz. Trafikbullret har sina hogsta ljudtrycksnivaer
under denna frekvens. Aven om vi véger det frekvens-
beroende isoleringsbehovet med nagon kriteriekurva,
exempelvis en N-kurva, kvarstar det faktum att
isoleringsbristen ar storst vid de 1aga frekvenserna.

Att fonsterkonstruktionerna i allménhet ar akustiskt
otatade mellan bagar och karm ger visserligen storst
forsamring av isoleringen vid hoga frekvenser men
betyder anda mest vid de laga.

Den storsta forbattringen i en dubbelvaggs
reduktionstal fas genom 6kning av delvdggarnas
massa, men man far problem med koincidens-
effekten vid glastjocklekar dver 4 mm. Med olika
glastjocklek i de tva delvdggarna kan detta problem i
viss man elimineras.

Fran varmeisoleringssynpunkt ar en spaltbredd pa
cirka 3 cm den optimala. Fran Ijudisoleringssynpunkt
behdvs en mycket starre spaltbredd for att fa grund-
resonansen under 100 Hz.

Med de praktiskt och ekonomiskt betingade forut-
sattningarna att luftspalten hogst far vara 10 cm bred
och storsta glastjockleken 8 mm, har olika
kombinationer av glas teoretiskt och praktiskt
studerats i icke 6ppningsbara fonsterkonstruktioner.
Aven inverkan av karmabsorbent har undersokts.

P& basis av dessa resultat har olika tatnings-
arrangemang provats pa ett dppningsbart fonster.
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Bortsett fran att avstandet mellan glasen okats fran
normalt 3 a 5 cm till ndrmare 10 cm har fonstret varit
av standardutférande.

Isoleringen har vagts dels med BABS:s kravkurva,
dels med en speciell vagningskurva for trafikbuller,
framtagen som examensarbete vid Chalmers
tekniska hégskola. En forbattring jamfort med nor-
mala fonster pa ca 14 dB har erhéllits (lyftning av
kravkurvan).

| en kombination med ett s k isolerglas (for varme-
isolering) och ett enkelglas kan goda varme-
isoleringsegenskaper erhallas samtidigt med en
nagot ytterligare forbattrad ljudisolering.

Under férutsattning att karmabsorbenten har
tillracklig tjocklek kan den ge ett vérdefullt
isoleringstillskott. Den blir naturligtvis mest aktuell
vid icke 6ppningsbara fonsterkonstruktioner.

Vid frekvensvagningen av relativa isoleringsbehovet
for exempelvis en lagenhetsskiljande végg har vi
sedan 1960 anvant en gemensam nordisk kravkurva
och frangatt det gamla medelreduktionstalet R,,.
Denna frekvensvagningskurva, som med stor
sannolikhet blir rekommenderad for internationellt
bruk av I1SO férutséatter ett specielit frekvensspektrum
hos ljudkallan karaktaristiskt fér en blandning av tal,
radio- och TV-ljud m m. Eftersom trafikbullret har en
helt annan frekvenssammanséaitning med dominans
vid laga frekvenser kan det inte vara rimligt att
anvanda samma frekvensvagning da trafikbullret ar
storkallan. | ett examensarbete pa CTH [7] ingick att
pa basis av trafikbullerméatningar konstruera fram en
lamplig kravkurva speciellt for trafikbuller. Den
resulterande kurvan visas tillsammans med den val-
kanda kravkurvan fér »inomhusisolering» i bild 1.
Den storsta skillnaden ligger som véantat vid de laga
frekvenserna, men aven vid hoga frekvenser far vi ett
annorlunda forlopp. Vid de forsék som har skall
redovisas, att med relativt sma medel forbattra
fonstrens isoleringsférméaga mot trafikbuller, har vi
anvant denna speciella kravkurva. For att fa ett tal-
massigt varde pa den isoleringsférméaga som
representeras av en kurva over isoleringen vid olika
frekvenser gar man till vdga pa féljande satt.

Kravkurvan flyttas upp eller ned tills summa-
avvikelsen vid de normerade matfrekvenserna mellan
kravkurva och matt kurva dar den matta kurvan
ligger under kravkurvan blir 16 dB. Det varde krav-
kurvan da har vid 500 Hz kallas isoleringsindex mot
trafikbuller /.

P& samma sétt definieras [, vid inomhusisolering,
varvid kravkurvan enligt BABS 1960 anvands.

Av praktiska—ekonomiska skal har vi i denna
utredning fran borjan satt féljande begransningar i
fonsterkonstruktionernas dimensionering.

1. Inget glas far ha storre tjocklek an 8 mm.

2. Maximalt glasavstand skall vara 10 cm.

3. Fonsterbagar och karmar av typer som redan ar i

marknaden ska kunna anvéndas.

Byggmastaren 2 - 1967
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Ljudisolerande fénsterkonstruktioner

2

Reduktionstal foér olika kombinationer av glastjocklek. Ingen
karmabsorbent.

Transmission loss for various combinations of pane
lhickness. No absorbing material on the frame.
3

Reduktionstal I6r olika kombinalioner av glastjocklek. 10 cm
karmabsorbenl.

Transmission loss for various combinations of pane
thickness. 10 cm absorbing material on the frame.

For att kunna utnyttja resultaten av de omfattande
fonsterundersékningar som Brandt [2] tidigare gjort,
har vi vid vara forsok anvdnt samma glasstorlekar.

Teoretiskt ar det endast mojligt att studera inverkan
av olika parametrar hos dubbelvaggskonstruktioner
kvalitativt. Teorierna [3] sédger oss att vi fran borjan
bor inrikta oss pa avstandet 10 cm for att fa dubbel-
vaggens ldgsta resonans néra eller under 100 Hz.

Fasta fénster

Det framgar inte direkt av teorierna, men vi vet av
praktisk erfarenhet att dubbelvaggen liksom enkel-
vaggen har mycket sdmre reduktionstal vid del-
vaggarnas koincidensfrekvenser. Denna férsamring
blir sarskilt markant om bada delvaggarna har
samma koincidensfrekvens. Vi bor darfor forskjuta
dessa koincidensfrekvenser inbdrdes eller lagga
nagon av dem over 3 200 Hz. Utgaende fréan teorierna
och med hansyn tagen till kravkurvans form har vi
tagit fram nagra kombinationer av glastjocklekar som
borde vara gynnsamma. Dessa kombinationer har vi
maétt i en fast fénsterkonstruktion, dvs med risken for
lackage mellan bage och karm eliminerad. Resultatet
framgar av bild 2 med dess diagram och tabeller.
Bilden visar att det ar liten vinst med olika tjocklekar
i glaset. Vad som déremot a&r mycket markant &r den
stora vinsten vid overgang fran 3 mm glas till 4 mm
glas. Har har vi en forbattring av /, med 4,5 dB. Efter-
som vi redan klassar vara vaggar i steg om 4 dB, kan
vi har tala om en klassforbéattring.

Vi vet vidare att en ljudabsorbent i dubbelvaggens
spalt kan ge en avsevard héjning av reduktionstalet.
Daremot finns det mycket motsagande uppgifter om
effekten av en ljudabsorbent i karmen hos en dubbel-
glaskonstruktion. En eventuell férbéattring méaste
ofrankomligt vara beroende av absorbentens tjocklek,
dvs av absorptionsférmagan vid laga frekvenser. Vi
har darfér upprepat forsdken enligt bild 2 med en
10 cm tjock karmabsorbent. For samtliga provade
kombinationer har darmed /, lyfts mellan 2 dB och
4,5 dB, sasom framgar av bild 3. De undersdkta
kombinationernas inbdrdes vardering med avseende
pa I, kvarstar nastan oférandrad. Kombinationen med
tva 4 mm glas pa 10 cm avstand ger fortfarande ett
gynnsamt resultat i forhallande till materialinsatsen.
De fortsatta forsdken fick darfor huvudsakligen galla
denna kombination trots att 6 mm + 6 mm glas ger
bésta isoleringen.
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Ljudisolerande fonsterkonstruktioner

4

Inverkan av absorbenttjocklek pa komblnationen 4 mm glas
—10 cm spalt—4 mm glas.

Effect of thickness of absorbing material on the frame on
the combination 4 mm pane—10 cm cavity—4 mm pane

5

Inverkan av absorbentljocklek p4 kombinalionen 6 mm glas
—10 cm spalt—6 mm glas.

Effect of thickness of absorbing material on the frame on
the combination 6 mm pane—10 cm cavity—6 mm pane

Nasta steg blev att studera hur isoleringstillskottet
fran karmabsorbenten ar beroende av absorbentens
tjocklek i kombinationen 4 mm + 4 mm glas. Av
bild 4 framgar att tillskottet ar negativt vid 2,5 cm och
vid 5 cm tjock karmabsorbent pa grund av ogynnsam
kurvformséndring och att vi far en forbattring av
1,5 dB forst vid 10 cm tjocklek. En s&dan absorbent
kan relativt |att byggas in i en fast fonsterkonstruk-
tion men ar svar att infora i ett 6ppningsbart fonster.

Motsvarande undersdkning med olika tjock karm-
absorbent har dven gjorts med den bésta glas-
kombinationen 6 mm + 6 mm glas pa 10 cm avstand
Som framgar av bild 5 ger redan en 2,5 cm tjock
absorbent en héjning av /, i denna kombination.
Detta beror framst pa att den hogfrekventa
koincidensforsamringen, vilken ar stérre vid 6 mm
glas an vid 4 mm glas, motverkas. Storst forbattring
far vi som véntat av 10 cm tjock absorbent med [, =
41 dB mot I, = 37,5 dB for motsvarande konstruktion
med 4 mm glas.

Vid ett par forsék 6kades luftspalten fran 10 cm till
20 cm. Darvid erholls mycket smé forbéttringar. Detta
maste innebdra att ljudoveridringen via den gemen-
samma karmen vid detta glasavstand blir av samma
storleksordning som &verforingen via luftspalten. Med
andra karmutféranden bor gynnsammare resultat
kunna erhallas.

Oppningsbara fonster

For vara forsok pa éppningsbara fonster valde vi en
konstruktion med stort glasavstand som redan finns i
marknaden. Vi fick den dock modifierad for samma
glasformat som vid forsoken pa fasta fonster. Dar-
emot behdll vi standardkonstruktionens 8,5 cm spalt
mellan glasen. Aven om detta fonster titas perfekt
maste vi darfor rdkna med nagot sédmre resultat an
vid fonster med fasta glas och 10 cm avstand.
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Ljudisolerande fénsterkonstruktioner

6

Isoleringslérsamring pa grund av ldckage. 4 mm glas.

Deterioration of insulation due to leakage. 4 mm pane.

7

Isolering hos tétal fénster utan och med luftningshal. 4 mm
glas.

Insulation in a sealed window with and without ventilation
holes. 4 mm pane.

Vi vet att iangsmala dppningar, i det aktuella fallet
springor mellan karm och bage, ger extremt stora
ljudldckage. Bild 6 visar reduktionstalen f6r det vid
forsoken anvdnda pivafonstret forst otatat, sedan pa
ena sidan tatat med en rektangular gummilist och
slutligen heltdtat med gumimilister och kitt. Isolerings-
forsamringen pa grund av lackage ar som synes stor.

Vid de fortsatta forsdoken med tatningar av detta
lackage anvande vi huvudsakligen en V-formad
gummilist, som redan férekommer pa vissa ljud-
isolerande dorrkonstruktioner.

For att minska risken for kondens pa ytterglasets
insida lamnar man avsiktligt en 6ppen spalt mellan
fonstrets bada bagar samt fritt tilltrade for ytterluften.
Vi kan darfor inte utan olagenhet tata mellan ytter-
bage och karm med provkonstruktionens karm-
utformning. Dels finns inget anslag dar en effektiv
tatning kan monteras, dels [arhindrar vi luftningen
mellan glasen.

Om det daremot ar mojligt att ordna luftningen pa
annat satt, kan vi placera en t&tning mellan bagarna
enligt bild 7. Det kanda faktum att en cirkular kanal
ger avsevart hégre ljuddampning &n en kanal med
langsmalt tvarsnitt men med samma tvérsnittsarea
utnyttjar vi for att &stadkomma en luftning med ringa
ljudlackage. Konstruktionen till hoger i bild 7 har fem
cirkulara hal upptill och fem nedtill med 5 mm
diameter. Enligt fonsterspecialister skall dessa tio hal
ge tillracklig luftning mot kondens. I, och I, sédnks
endast 0,5 dB (med 22 hal upptill och 22 nedtill blir
sankningen 2 dB).

Vi ar nu framme vid en relativt lindrig modifikation
av ett oppningsbart standardfénster, som dock ger en
vasentlig isoleringsforbattring mot trafikbuller. En

7
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Ljudisolerande fonsterkonstruktioner

8
Varmeisolerglas. Dito kombinerat med et enkelglas samt
lva enkelglas.

Heat insulating pane. The same combined with a single
pane and two single panes

9
Isolering med Iérbéttrad konstruktion relativt »normal»
konstruktion.

Insulation with improved design compared to “normal”
design.

nackdel @r dock denna konstruktion behéaftad med.
Okningen av glasavstandet fran normalt 3,5 cm till
8,5 cm ger forsamrade varmeisoleringsegenskaper.
Nu installer sig fragan om det kan I6na sig att
anvanda de hermetiskt slutna varmeisoleringsglas
som finns i marknaden. Pa grund av att den lilla
spaltbredden i dessa ger en hog grundresonans-
frekvens ar de ensamma ogynnsamma fran ljud-
synpunkt. | bild 8 visas reduktionstalskurvan (grund-
resonansfrekvens 250 Hz) for ett sadant varmeisoler-
glas bestdende av tvd 4 mm glas limmade till en

1,2 cm bred metallram. /, ar endast 25,5 dB. |
kombination med ytterligare ett 4 mm glas pa 7,5 cm
avstand ger det daremot 2,5 dB hdgre /, &n tva 4 mm
glas pa 8,5 cm avstand. Vi har darmed en
konstruktion som ger bade stor varmeisolering och
god isolering mot trafikbuller. Om isolerglaset och
4 mm-glaset byter plats (av hallfasthetsskal ar detta
ej mojligt i provkonstruktionen) blir ljudisoleringen
oféréndrad. Luftningshalen bor da kunna slopas helt.

Resultat

Foér att nu visa vad vi har vunnit med vara
modifikationer av fénstren gor vi i bild 8 en
jamforelse med reduktionstalet for en av de i dag
vanligaste fonsterkonstruktionerna. Jamforelse-
objektet dr en standardkonstruktion med 2 X 2 mm
glas pa 3,5 cm avstand och utan nagra tatningar.
Dess trafikbullerindex [, = 20,5 dB.

| forhallande iill denna stalls den n&got dyrare
konstruktionen med 2 X 4 mm glas pa 8,5 cm
avstand, med 10 cirkuléra luftningshal och med tat-
ningslister samt den icke oppningsbara konstruktio-
nen med 2 X 6 mm glas pa 10 cm avstand och med
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10

Nivaskillnad gata—gaturum uppmétt vid fordonspassager
reducerat till reduktionstal for »normalrum» samt laboratorie-
miltt reduktionstal.

Difference in level street—room fronting street measured
when vehicles pass and reduced to transmission loss for
“normal rooms” compared to transmission loss measured in
the laboratory.

1"

Uppmitt nivaskillnad gala—gaturum i dB A och utvirderad
som ett trafikisoleringsindex 1"y

Recorded difference in level street—room fronting street in
dB A and valued as a traffic insulation index I'g,

10 cm tjock karmabsorbent. Dessa har [, = 34 dB
respektive 41 dB.

Ett visst begrepp om vad forbéattringen innebér fran
stérningssynpunkt far vi, om vi ser pa vilken &ndring i
dB som behdvs for en férdubbling respektive en
halvering av det manskliga 6rats uppfattning av hor-
styrkan. Den andring som erfordras harfor ror sig om
cirka 8 dB och ar beroende av bland annat ljudets
frekvenssammansattning. | forhallande till det
dppningsbara standardfénstret reduceras da
storningarna av det modifierade 6ppningsbara
fonstret till mindre an halften och av det icke dpp-
ningsbara fonstret till mindre &n en fjardedel.

En invandning som kan goras mot [aboratorie-
matningar ar att vi dar har ett diffust ljudfélt, medan
vi i det praktiska fallet kan riskera att vissa infalls-
vinklar blir dominerande. Detta skulle framfor allt
gélla fonster hogt éver markplanet. Ju mer strykande
ljudinfall vi har (stor infallsvinkel i forhallande till
normalen) desto sé@mre blir iscleringen teoretiskt.
Matningar enligt [4] pa fonster med ljudinfall med
varierande infallsvinklar bekréaftar teorierna. For den
bullerkalla som ett fordon i rorelse utgér forandras
hela tiden infallsvinkeln, och en viss medelvardes-
bildning av isoleringen erhalls. Vid métningar pa
fonster vid stadsgator [1] och i olika ldgenhetsplan
visar sig detta medelvarde enligt bild 10 tillrackligt
val dverensstdmma med det laboratoriemétta
reduktionstalet for att det senare verkligen ska kunna
anvandas for inbérdes vardering av olika
konstruktioner.

Det otatade tvaglasfonstret ger for dvrigt inte béattre
isolering an ett otatat englasfonster, som framgar av
matresultaten i bild 11. | denna jamforelse ser man
heller ingen inverkan av fonstrets hdjd 6ver marken.

9
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Slutligen staller vi fragan: »Skulle inte en vardering
med den 'gamla’ kravkurvan, uttryckt med isolerings-
index I,, ge samma relativa vardering av
konstruktionernas isolering mot trafikbuller?» Svaret
pa denna fraga ger bild 12 dar trafikisoleringsindex /.
for konstruktionerna, ordnade efter stigande vérde pa
/,, jamférs med motsvarande isoleringsindex /,. Som
framgar av bilden &r inte avvikelserna systematiska,
och svaret pa fragan &r alltsé nej. Som jamférelse har
aven inlagts det tidigare anvanda medelreduktions-
talet R,,. Detta foljer ganska vél I, men ej /,.
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12

Virdering med J, och R, relalivt vérdering med 1.

Valuation with Iy and Ry, compared wlith valuation with Ig.
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Glossary of words appearing in the illustrations

referensfrekvens

frekvens

glas

ingen absorbent
varierande djup

inlagg

R for fonster med 2 x 4 mm glas pa 8,5 cm

avstand, Tatat med V-list. 10 luftningshal .

R for fonster med 2 x 6 mm glas p& 10 cm

avstand. 10 cm karmabsorbent i fast bage.

R for standardfonster med 2 x 2 mm glas pd
3,5 cm avstand . Inga speciella tdtningsat-

garder.

Matningar i 4 ldgenheter med tvéaglas-
fonster, 2 & 3 mm glas och 3-5 cm avstand.
Lagenhetsplan: Bv, 1 tr, 3 tr och 4 tr. Me-

delvirde och spridning av ljudnivaskillnad

korrigerad till reduktionstal fsr "normalrum"

med 2 fonster 1,2x 1,5 m2 x 10 m2. Absorp-

tion.

Laboratoriemétt reduktionstal

Bv

1 fr
véningsplan
mdtobjekt
personbi lar
lastbilar

antal glas

Provade konstruktioner ordnade efter

stigande virde pé If.

reference frequency

frequency
pane, glazing

no lining
varying depth

insert

R for windows with 2 x 4 mmpanes 8.5cm

apart. Sealed with V-strip. 10air holes.

R for windows with 2 x 6 mmpanes 10cm

apart. 10cm frame lining . Fixedsashes.

R for standard windows with 2 x 2 mm
panes 3.5 cm apart. No special sealing

arrangement,

Measurements recorded in 4 flats
with double-glazed windows, 2-3 mm
panes 3-5cmapart ., Floor levelof flats:
ground floor, Tst, 3rdand 4th floors.
Mean value and deviation of difference
insound level corrected to transmission
loss for "normal rooms" with 2 windows

1.2x 1.5 m2 and 10 m2 absorption.

Transmission loss measured in laboratory

ground floor

1st floor

floor level

object of measurement
private cars

lorries

number of glazings

Test constructions arranged in order of

increase in It value.
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Sound insulating window constructions

Most window constructions are based on a double-glazing system. An acoustic wall of
this type has a very low transmission loss in the frequency range around the basic re-
sonance of the double wall. It is determined by the surface weight of the panes and
the width of the air space and generally lies below 250 Hz. Traffic noise has its
highest sound pressure levels below this frequency . Even if we are weighing the de-
mand for insulation dependent on frequency with some acoustic rating curve, for exam-
ple one of the N-curves proposed by 1SO, the result remains that the lack of insula-

tion is greatest at the lower frequencies.

The fact that window constructions in general are not acoustically sealed between
sash and frame, gives the greatest deterioration of insulation at high frequencies but

has still most importance at the lower frequencies.

The greatest improvement in transmission loss of a double wall is achieved by increa-
sing the surface weight of the partitian walls, but then however, we will have the
problem of the coincidence effect at pane thicknesses exceeding 4 mm. By using dif-
ferent glass thicknesses in the two partitian walls this problem can be eliminated

to a certain extent.

From a heat insulating point of view a space of 3 cm wide is the optimum. From a
sound insulating point of view, a larger space is needed in order to bring the reso-

nance below 100 Hz,

On the assumption, dictated by practical and economic reasons, that the air space
should be no wider than 10 cm and the greatest glass thickness 8 mm, different com-
binations of panes were studied theoretically and practically in frames for fixed and
tightly sealed panes. The influence of sound absorbing material on the frame was

also tested.

Based on these results, different sealing arrangements were tested in an openable
window . Apart from the fact that the distance between the panes was increased from

the normal 3 = 5 cm to about 10 cm, the window used was of standard construction.

The insulation was weighed bothwith the grading curve which ISO is expected to
recommend for sound insulation between dwellings, and with a special grading curve
for traffic noise, which was developed as an examination project at CTH. An im-
provement of about 14 dB compared to normal windows was achieved (a raising of the

grading curve for traffic noise).
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By combining hermetically sealed panes for thermal insulation and a single piece of
glass, good heat insulating qualities can be obtained together with somewhat impro-

ved sound insulation.

Provided that the frame absorbent is sufficiently thick, a valuable increase in the
insulation can be achieved. This is of course of special interest for windows with

fixed (non-openable) sashes.

For weighing the insulation dependent on frequency in, for example, a partition wall
between two dwellings, we in Sweden have been using since 1960 a joint Scandina-
vian grading curve and have abandoned the average transmission loss R in the fre-
quency range 100 - 3 150 Hz formerly used. This new curve for frequency weighing,
which, with all probability, will be recommended for international use by 1SO,
assumes a special frequency spectrum at the source of sound, characteristic of a mix-
ture of speech, radio and television sound etc. Due to the fact that the traffic noise
has a completely different frequency composition, the same method of weighing fre-
guency cannot be used if traffic noise is the source of annoyance. The task was in=
cluded in an examination project at CTH (ref. 1) of constructing a suitable

grading curve for traffic noise, based on measurements made on traffic noise. The
resulting curve is shown together with the Scandinavian curve for indoor insulation

in fig. 1% The greatest difference between the two curves is as expected found at the
low frequencies, but we also get a different shape at high frequencies. We have used
this special traffic noise grading curve in the tests covered by this report, which shows
that @ window s sound insulating capacity against traffic noise can be improved by re-
latively small measures. As a single number for the insulating capacity the R value at
500 Hz of the grading curve, is used with a negative total deviation of 16 dB between
the grading curve and the measured curve at the standardised measuring frequencies.
This value, which we will call the insulating index against traffic noise, is indicated
by If' In the same way we introduce the term, insulating index |q for normal noise in
dwellings. |Q denotes the value of the grading curve at 500 Hz expected to be recom-
mended by 1SO for indoor insulation. In view of the practical and economic limita-
tions in window constructions, we have specified at the very start of this investigation

the following limitations for window construction dimensioning:

1. No pane may have a thickness greater than 8 mm.
2. Maximum distance between panes is 10 cm.

3. Sashes and frames of types already on the market should be used.

In order to derive advantage from the extensive investigations info windows, which
were carried out by Brandt (ref. 2), we have used the same surface dimensions of the

panes in our tests,

*For figs.1-12 see the Swedish version of the article on pp.4-10 and glossary on p.11.
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Theoretically it is only possible to make a qualitative study of the influence of dif-
ferent parameters in the double wall constructions to which our normal windows can
be referred. The theories (ref. 3) tell us that we must aim from the start at the maxi-
mum space of 10 cm mentioned in the directions in order to obtain the lowest resonan-

ce in the double wall near or below 100 Hz.

Fixed windows

It is not directly revealed in the theories, but we know from experience that a double
wall, in the same manner as a single wall, has a much lower transmission loss around
the coincidence frequencies of the part walls. This impairment becomes especially
marked if both part walls have the same coincidence frequency . We must therefore
displace these coincidence frequencies in relation fo each other or place one of them
above 3 150 Hz. Proceeding from the theories and taking info account the shape of the
grading curve, we have arrived at some combinations of pane thicknesses, which
should be favourable. We have measured these combinations in a frame for fixed
sashes, i.e. eliminating the risk for sound leakage between sash and frame . The re-
sult is shown in fig. 2 with its diagram and tables. The figure shows that there is

little to be gained with different glass thicknesses. Very striking however, is the great

gain when one changes from 3 mm to 4 mm glass. We then have an improvement of

4,5dB.

Furthermore we know that sound absorbing material in the wall space can produce a
considerably increased transmission loss. On the other hand very contradictory infor-
mation exists on the effect of sound absorbing material on the frame of a double-glazed
construction. Improvement, if any, is inevitably dependent on the thickness of the
acoustical lining, i.e. the absorbing capacity at low frequencies. We have therefore
repeated the tests shown in fig. 2 with a 10 cm thick acoustical lining on the frame.
For all constructions this has meant an increase in lf of between 2 and 4,5 dB as shown
in fig. 3. The mutual relationship of the different combinations regarding It remains
practically unchanged. Combinations with two 4 mm panes at a distance of 10 ¢m do
still, regarding the amount of material used, give a favourable result. Further tests
were therefore mainly concerned with this combination although 6 mm + 6 mm panes

give the best insulation,

The next step was the study of the increase in insulation due to the thickness of the
frame absorbent in the combination 4 mm + 4 mm panes. Fig. 4 shows that the increase
when using acoustical lining on the frame in thicknesses of 2,5 cm and 5 cm, is nega-
tive in view of the unfavourable change in the shape of the curve. We first get an
improvement of 4 dB, when using a thickness of 10 cm. Such a lining can be fairly

easily built into a frame for fixed sashes, but is difficult to fit on an openable window.

14



A corresponding test was also carried out with the favourable combination of 6 mm

+ 6 mm panes at a distance of 10 cm. As shown in fig. 5,even a 2,5 cm thick layer

of absorbent does in this combination give an increased It' This is mainly due to the
fact that the high frequency coincidence deterioration, which is greater at 6 mm than
at 4 mm panes, is neutralized. As expected we gef the greater improvement when
using 10 cm thick acoustical lining, which gives If= 41 dB against It: 37,5 dB for the
equivalent construction, fitted with 4 mm panes. In some tests the distance between
panes was increased from 10 cm to 20 cm. Only a very small improvement was gained.
This must mean that the sound transmission at this distance via the frame is equal to
the sound transmission via the air space. With a different frame construction it should

be possible to get more favourable results.

Some other combinations of pane thicknesses, air spaces and acoustical linings than those
specified above, were tested in frames for fixed sashes. They are however not included

in this report.

Openable windows

Our tests on openable windows were carried out with a wide air space construction
(8,5 cm) already on the market. The construction was, however, somewhat modi-
fied in order to fit the same pane dimensions as used during our tests with frames for
fixed sashes. The pane distance of 8,5 cm was unchanged. Even if these windows are
perfectly sealed, we have to calculate with somewhat lower values than those arrived

at with the 10 cm distance in our test frame for fixed sashes.

We know that long narrow slots, in this case the slots between frame and sashes, give
an extremely high sound leakage. Fig.6 shows the transmission loss for the pivot hung
sash used during our tests, not sealed, sealed with a rectangular rubber strip and
finally completely sealed with rubber strips and putty . As shown, there is a great
deterioration in sound insulation due to leakage. During further tests on the possibi-
lities of eliminating this leakage, we used mainly a V-shaped rubber weather-strip,

which is already being used in some sound insulating door constructions.

In order to eliminate the risk of condensation on the inside of the outer pane, a space
for fresh air ventilation is purposely left between the two sashes. Therefore we cannot
easily seal the space between the outer sash and the frame in a construction of the
type used during the tests. It does not have any lip for fixing an effective seal and

further, such a seal would make ventilation between the panes impossible.

Should it, however, be possible to arrange ventilation in a different manner, the
seal could be fitted between the sashes as shown in fig. 7. We make use of the known

fact that a channel with a circular cross section gives considerably lower sound trans-
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mission than a narrow rectangular slot with the same cross sectional area. The con-
struction on the left of fig. 6 has 5 circular holes at the top and 5 at the bottom with

a diameter of 5 mm. According to window specialists these 10 holes allow enough ven-
tilation to avoid condensation. li‘ and Ia are lowered by only 0,5 dB. With 22 holes

af the top and 22 holes at the bottom the decrease is 2dB.

We have now arrived at a relatively simple modification of a standard window, which
has considerably improved insulating properties against traffic noise. This construction
does, however, have one disadvantage. The increased air space from the normal 3 to
8,5 cm, does reduce the heat insulafing qualities. The question now arises, whether
it would be economical to use the hermetically sealed heat insulating glass, which is
available on the market. Due to the small distance between the panes, this glass has
a high basic resonance frequency. Thus single heat insulating glass is unfavourable
from the point of view of sound. Fig. 8 shows the curve of the transmission loss for
heat insulating glass of this type consisting of two 4 mm panes glued to a 12 mm wide
metal frame. It is only 25,5 dB. In combination with a 4 mm pane at a distance of

75 mm there is, however, a considerable increase. |f is then 2,5 dB higher than lt for
two 4 mm panes at a distance of 85 mm. We have now attained a construction, which
gives good insulation against heat, as well as good insulation against traffic noise.

If the heat insulating glass and the 4 mm pane change places (which for reasons of
strength was impossible in the test construction), the sound insulation remains unchan-

ged. The holes for ventilation could then be omitted.

Results

In order to show what we have gained with our modifications, we have shown in fig. 9
the comparison with the transmission loss of one of the window constructions most com—
monly used in Sweden today. The reference we used was a standard construction with
two 2 mm panes at a distance of 3,5 cm, without any sealing arrangements. The traffic
noise index for this construction was lt = 20,5 dB. We compare this construction with the
slightly more expensive openable construction with two 4 mm panes at a distance of

8,5 cm, fitted with weather=strips, and the non-openable window with two 6 mm panes
at a distance of 10 cm and with a 10 cm thick acoustical lining. These latter construc-

tions have |t = 34 dB resp. 41 dB.

We get some idea of what this improvement means, as regards annoyance, if we study
what change is needed in dB, in order to halve or double the loudness of a noise. The
level change necessary in dB is about 8 dB. (It may range from 6 to 10 dB, depending
on the frequency composition of the sound, the absolute level etc). Compared to an
openable standard window, the modified openable window more than halves the distur-
bance and the non-openable window reduces the disturbance to less than 25 %. One

objection that can be made to the laboratory experiments is the fact that we in the
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laboratory have a random incidence sound field, while we in practice may risk that
certain angles of incidence will be predominant. This should apply especially to win-
dows situated high above ground level. The more grazing sound incidence we have
(large angle of incidence relative to the normal), the less the transmission loss will
theoretically become . Measurements according to ref. 4 on windows with sound im-
pinging with varying angles of incidence, confirm the theories. For the noise created
by a moving vehicle, the angle of incidence changes continuously and the lowest
sound pressure level difference measured may represent some average value for the

sound insulation.

Measurements carried out on windows in city streets (ref. 5) on different floors show
that, in accordance with fig. 10, the average value corresponds sufficiently well
to the transmission loss arrived at in the laboratory. This implies that this latter figure

can be used in order to judge the relationship of the different window constructions.

A double-glazed window, which has no sealing arrangements, does not, as shown in
fig. 11, give better insulation than a single~glazed window without sealing arrange-
ments. In this comparison we do not note any influence from the height of the windows

above ground.

Finally we ask the question: "Should not a calculation using the "old" weighing curve,
giving the insulation index |q, result in the same relative grading of the insulating
capability of the different constructions against traffic noise ? "The answer to this
question is given in fig. 12, where It arranged in rising numbers is compared with

the insulation index Io. As shown in the figure, there are no systematic relations. We
have also plotted the average transmission loss R, which was previously used. R

follows Ia quite well but not lt'
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APPENDIX

Compilation of the results of all tests made in the investigation



Compilation of the results of all tests made in the investigation

In the following tables 1 - 4, R, la and It are given together with specifications of

the window constructions .

In this appendix Ia and It are calculated according to the ISO R880 recommendation

for calculating lq which means:

a) the mean unfavourable deviation, computed by dividing the sum of the unfavou-
rable deviations by the total number of measuring frequencies, is greater than +1

but not more than +2 dB: or

b) the mean unfavourable deviation is less than 2 dB and the maximum unfavourable
deviation at any frequency does not exceed 8 dB for measurements in 1/3 octave

bands.

Some of the fest arrangements are shown in the figures 13 - 16.

TABLE 1

Test No ... 1 2 3 4 5 6 7 8 9 10
Pane thickness mm 4 4 3+3 3+3 4+4 4+4 4+4  4+4 4+4 6+3
Air space cm - - 10 10 10 10 10 10 10 10

Mineral wool on = - - 10 - 285 5,0 10,0 17 -

frame cm

Sealing N N N N N N N N N N
Remarks - % - - - - - - - .

R dB 28 28 35 40 36 39 39 40 41 37
la dB 31 31 38 43 39 43 42 44 44 40
| dB 30 30 32 32 37 33 34 35 36 37

20



TABLE 2

Test No ... 11 12 13 14 15 16 17 18 19

Pane thickness mm 6+3  8+3  8+3  6+6 6t6  6t6 616 444 4+4

Air space cm 10 10 10 10 10 10 10 20 20
Mineral wool on 10 - 10 - 279 B 10 - 10

frame cm

Sealing N N N N N N N N N

Remarks - - - - - - - - -

R dB 42 37 41 36 39 39 40 40 40

Ia dB 46 41 45 40 43 43 44 39 43

l dB 38 38 40 38 40 41 41 37 40

TABLE 3

Test No ... 20 21 22 23 24 25 26 27 28 29
Pane thickness mm 4 4+4  4A+4 A4 4+4  4+4  4+4  A+4 4+4  4+4
Air space cm - 8,5 8,5 8,5 8,5 8,5 8,5 8,5 8,5 8,5
Mineral wool on - - - - - 5 - - = =
frame cm

Sealing 01 02 03 04 05 05 06 06 07 08
Remarks - - - - - - - %* 2 = =
R dB 27 28 33 36 37 40 32 31 33 36
Iq dB 29 29 37 37 37 43 35 34 36 38
| dB 28 31 31 35 K7} 37 4 33 32 34
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TABLE 4

Test No ... 30 31 32 33 34 35 36

Pane thickness mm 4+4  4+4 A+4  A+4 HU HU+4 HU+4

Air space cm 8,5 8,5 8,5 8,5 - 7,5 7,5
Mineral wool on - - - - - - 2,5
frame cm

Sealing 08 08 08 09 07 08 08

Remarks %3 * 4 * 5 - = = -

R dB 36 36 35 29 28 38 38

lo dB 38 37 37 32 30 41 41

| dB 36 34 A 32 26 39 39

Remarks to the tables

* 1
* 2
*3
*4
x5

N

0
ol
02
03
04
05

06
07
08
09

HU
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The space for the acoustical lining on the frame covered (See figure 14)
Different mounting of the V-shaped rubber strip V—=A

S + 5 air holes, diameter 5 mm, in outer sash

11 + 11 air holes, diameter 5 mm, in outer sash

21 + 21 air holes, diameter 5 mm, in outer sash

Fixed panes (non-openable windows) completely sealed

Openable windows

One rubber strip between sash and frame

No sealing strip

One square sponge rubber strip between inner sash and frame

One V-rubber strip completed with putty between inner sash and frame

V-rubber strips between outer sash and frame and between inner sash and frame,
both completed with putty

One V-rubber strip between inner sash and frame
Two V-rubber strips between inner sash and frame
One V-rubber strip between sashes and two between inner sash and frame

One square sponge rubber strip between inner sash and frame and one between outer
and inner sash

Hermetically sealed glass unit. 4 mm pane + 12 mm air + 4 mm pane



TRANSMITTING ROOM ‘“ RECEVING ROOM

V=100 m3 V= 86m3

H 1

FIG. 13. "Two room arrangement" for the tests.

A0

FIG. 14. Frame with and without acoustical lining for the tests
on non-openable windows.
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FIG. 15. Vertical section of openable window con-

FIG. 16. Horizontal section of openable window
struction used for the tests.

construction used for the tests.





