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Sound Absorption of Gypsum Board Cavity Walls*

J. S. BRADLEY, AESMember

Institutefor Researchin Construction,National ResearchCouncil, Ottawa, Ont., Canada,KIA OR6

Although gypsum board is probably the most common interior surface treatment in use
in the United Statesand Canadatoday, the sound-absorbingprnpertiesof many common
wall constructions are not well known. The results of sound absorption testsperformed on
several gypsum board cavity walls are reported. A calculation model was developedthat
accurately fits the measureddata. The increasedlow-frequency absorption is related to the
mass-air-massresonanceof the wall construction. The model also includesa residual high-
frequency sound abs01ption component related to the properties of the exposedsurface of
the wall. This model can now be usedto convenientlypredict the soundabsorption of other
similar gypsum board wall constructions and to designwalls with somespecifiedminimal
amount of low-frequency absorption.

1 CALCULATION MODEL

testswere usedto extendthe validation of the model.
The validatedmodelcanbe usedto predict the absorp-
tion versusfrequencycharacteristicsof a rangeof gyp-
sumboardcavity walls.

The sound-absorbingcharacteristicsof gypsumboard
walls vary considerablywith frequency.Typically sound
absorptioncoefficientsaremuchlargerat low frequencies
than at mediumandhigherfrequencies.Theseproperties
are generally assumedto be due to the resonantlow-
frequencysoundabsorptionof the wall construction.The
massof the gypsumboardsurfacelayersandthe stiffness
of the containedair produce a simple mass-aIr-mass
(MAM) resonancefrequency. The MAM resonancefre-
quencycanbe calculatedas follows [l]. [2]:

(I)[Hz]IMAM = 1900

where m1 and m2 are the surfacedensitiesof the two
gypsum boardlayersin kilogramspersquaremeter,dis
thedepthof spacebetweenthetwo layersin millimeters.

When the wall cavity is filled with porous sound-
absorbingmaterial,suchasglassfiber batts,theconstant
changesfrom 1900to 1362becausethe behaviorof the
air in thecavitychangesfrom adiabaticto isothermal[2].

Thecalculationmodelassumesthatthesoundabsorp-
tion of the wall constructionpeaksat the MAM reso-
nance frequency IMAM and decreasesabove this fre-

o INTRODUCTION

'" Manuscript received1996December17; revised 1997Jan·
uary 27.

Gypsumboardis the Ubiquitousinterior surfacetreat-
ment in modern North American buildings. While it
is a very commonly usedmaterial, its sound-absoring
propertiesarenot preciselyknown. Sometimesits prop-
erties are dismissedas "so small it can be ignored,"
while on otheroccasionsmany layersof gypsumboard
arerecommendedto minimizelow-frequencysoundab-
sorption. In many rooms gypsumboard provides the
built-in low-frequency absorptionthat prevents them
from having an unpleasant"boomy" sound.However,
it is not clear how one shoulddesigna gypsumboard
cavity wall to minimize or providea known amountof
low-frequencysoundabsorption.

This paperpresentsthe results of soundabsorption
measurementsof severalgypsumboardwalls anda cal-
culation model for estimating the propertiesof other
similarwalls. Soundabsorptiontestswereperformedin
a large reverberationchamberon four basic wall con-
structions. Further sound absorption tests were per-
formed on gypsumboard walls with different surface
treatments.Thecalculationmodelwasfitted to themea-
surementdataassumingthepropertiesof asimplesingle-
degree-of-freedomsystemto model the resonantlow-
frequency absorption characteristics. Further sound
absorptiondata obtained from the reverberationtime
measurementsassociatedwith sound transmission loss
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2 TEST PROCEDURES

where aMAM is the maximum absorptionat the MAM
resonancefrequency,a, is the residualhigh-frequency
surfaceabsorption,andI is frequency.The valuesof
a MAM and a, were determinedby fitting Eq. (2) to the
measureddataaswill bediscussed.TheMAM resonance
frequencyIMAM is calculatedusingEq. (I).

quencyinverselyproportionalto the frequencysquared.
(Of course,the absorptionwould also be expectedto
decreasebelow the MAM resonancefrequency.How-
ever, it is usuallynot possibleto makeaccurateabsorp-
tion measurementsat thesevery low frequencies.)The
model further aSsumesthat the high-frequencysound
absorptionhassomelimiting smallvaluedueto theprop-
ertiesof theexposedsurfaceof thegypsumboard.This
would bemodified by paintor othersurfacetreatments.
With theseassumptionsthe form of the modelof sound
absorptionversusfrequencyis

2

a(f) = aMAM ｾ ｍ ［ ｍ M + a, (2)

samplecasewasthensubtractedandtheresultcorrected
for differencesin air absorption.Reverberationtimes
with a paintedconcreteblock wall in placewere used
as the no-samplecase.

It wasnot alwayspossibleto determinetheabsorbing
characteristicsof the gypsum board walls accurately.
Frequently the high-frequencyabsorptionwas much
greaterthan occursnormally for gypsumboard.Errors
occurredbecausemanywall constructionsincludedthe
additionof othermaterialsthatchangedthetotal absorp-
tion in the reverberationchamber by an unknown
amount. (For example,fianking strips that includepo-
rousabsorbingmaterialareaddedto reducesoundtrans-
mission via the frame in which the test walls are
mounted.)Also, in thesoundtransmissionlossteststhe
walls wereusuallypositionedmidway betweenthe two
reverberationchambersand not fiush with the interior
surfaceof thelargechamber.Therewerefurtherpossible
sourcesof errorrelatedto attemptsto correctfor differ-
encesin air absorption.In spiteof theseproblems,some
soundabsorptiondatawereobtainedfrom transmission
loss tests. While they provide less accuratemeasure-
mentsof absorptioncoefficients,they allow validation
of the calculation model for a wider range of wall
constructions.

Soundabsorptionmeasurementsweremadein a 250-
m' reverberationchamberaccordingto theASTM C423
standard[3]. Thechamberincludesseveralfixed diffus-
ing panelsas well as a large rotating vane to ensure
diffuse conditions.The measurementfrequencyrange
wasextendeddown to 80 Hz to betterdescribethe low-
frequencypropertiesof the walls. However, the mea-
surementuncertaintyof the lowestfrequencyresultsis
quite large. The testswere conductedusing four inde-
pendentpink noise sourcesand measuringten repeats
of sounddecaysat ninedifferentmicrophonepositions.
The testsarecompletelycomputercontrolledandusea
NorwegianElectronicstype 830 one-third-octavereal-
time analyzerfor dataacquisition.

Thelargereverberationchamberis partof awall trans-
mission loss suite, and the test walls were built in the
wall openingbetweenthe two reverberationchambers.
The dimensionsof the openingand the test walls are
2.44by 3.05m. Thetestwall waspositionedso that its
surfacefacing into the largereverberationchamberwas
ascloseaspossibleto beingfiush with thereverberation
chamberinterior surface.A massivelead-loadeddoor
couldbe closedacrossthe testwall for measurementof
the"no-sample"｣ ｯ ｮ ､ ｩ ｾ ｩ ｯ ｮ n in the chamber.

Some further sound absorptiondata were obtained
from previoussoundtransmissionloss testsof several
walls accordingto theASTM E90procedure.Transmis-
sion loss tests include reverberation time measurements
in the receivingroom, which wasthe samelargerever-
berationchamberused in the absorptiontests. These
reverberationtime datawereusedto estimatethesound
absorptionof the walls. Using the Sabinereverberation
time equation,the total soundabsorptionin the large
reverberationchamberwascalculatedfrom themeasured
reverberationtimes. The sound absorptionof the no-

254

3 GYPSUM BOARD ON STEEL STUDS WITH
EMPTY CAVITY

Soundabsorptiontestswere performedon wall con-
structionsusing90- andl50-mmlightweightsteelstuds.
Fig. I showsthemeasuredsoundabsorptioncoefficients
and95%confidencelimits for gypsumboardcavitywalls
on 90-mm steelstuds.While the confidencelimits are
very small at higherfrequencies(±O.OI), they increase
to as muchas ±0.2 at low frequencies.

Fig. I(a) gives resultsfor one layer of 13-mmtype-
X gypsum board on each side of 90-mm lightweight
steel studs and with an empty cavity. The calculated
MAM resonancefrequencyfor this caseis 90 Hz. The
solid line shows the calculatedvaluesusing aMAM =
0.44 anda, = 0.045in Eq. (2). The calculatedresults
areseento be a goodfit to the measurementsabovethe
MAM resonancefrequency.Thesecondsetof measured
absorptioncoefficientsshownon this plot wasobtained
from a transmissionlossmeasurementandagreesquite
well with the calculatedvaluesand the absorptiontest
resultsabovethe MAM resonancefrequency.

Fig. I(b) showsresultsfor two layersof 13-mmtype-
X gypsum board on each side of 90-mm lightweight
steelstuds.The calculatedMAM resonancefrequency
for this caseis 63 Hz, and the calculatedvalueswere
obtainedusing aMAM = 0.44 and a, = 0.06. These
resultsagain show good agreementbetweenmeasured
and calculatedvaluesand describewell the rise in ab-
sorptionat low frequencies.Theresultsin Fig. I suggest
that the residual high-frequencyabsorptionis slightly
greaterfor a double layer than for a single layer, that
is, a, = 0.006 for a doublelayer and a, = 0.045 for
a singlelayer.This additionalabsorptionfor thedouble
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layer may be due to friction betweendouble layersof
gypsumboard.

Fig. 2 showsresultssimilar to thoseof Fig. I, but
for constructionsusing 150-mmlightweight steelstuds
andagainwith emptycavities.The resultsin Fig. 2(a)
are for a constructionwith one layer of 13·mmtype-X
gypsumboardon eachsideof 150-mmsteelstuds.The
calculatedMAM resonancefrequency is 69 Hz. The
calculatedresults(solid lines) wereobtainedusingaMAM =
0.44anda, = 0.045.Fig. 2(b) showsthesoundabsorp-
tion coefficientsof a wall consistingof two layers of
13-mmtype-X gypsumboardon eachside of 150-mm
steelstuds.For thiscasethecalculatedMAM resonance
frequencyis 49 Hz. Thecalculatedresltswereobtained
using aMAM = 0.44 and a, = 0.06. Thus for the four
setsof datain Figs. I and2 all calculatedresultsused
aMAM = 0.44. For both stud sizescalculationswere
successfullyperformedusinga, = 0.045for singlelay-
ersof gypsumboardanda, = 0.06 for doublelayers.

Although it wasnotpossibleto performfurthersound
absorptiontests of other gypsum board cavity walls,
additional data were obtainedfrom wall transmission
losstestsfor walls using65-mmlightweightsteelｳ ｴ ｵ ､ ｳ s
Fig. 3 plotsthesoundabsorptioncoefficientsfrom these
measurementsandthe correspondingcalculatedvalues.
This wall constructionconsistedof onelayerof 13-mm
gypsumboardon eachside of 65-mm steelstuds.The

0.5 rT::-----------,

SOUND ABSORPTION OF GYPSUM BOARD

calculatedMAM resonancefrequencyis 105 Hz. The
calculatedresults(solid line) wereobtainedusing aMAM =
0.44anda, =0.045.Thedottedline showsa possible
furthercorrectionto thecalculatedresultsto accountfor
the nonporoussurfaceof this wall. (The gypsumboard
wasvinyl coatedin this case).This is discussedfurther
in relation to surfacetreatmentsin Section5.

The measurementsfrom gypsumboardcavity walls
using65-, 90-, and 150-mmsteelstudsandwith empty
cavitiesshowhow the low-frequency absorptionvaries
with the tuning of the MAM resonance,and all agree
well with the calculationsusingEq. (2).

4 GYPSUM BOARD ON STEEL STUDS WITH
ABSORBING MATERIAL IN CAVITY

Eq. (I) predicts lower MAM resonancefrequencies
when the wall cavities are filled with porous sound·
absorbingmaterial.This is becausethe behaviorof air
in the cavity changesfrom adiabaticto isothermalwhen
the cavity is filled with absorbingmaterial. Lowering
theresonancefrequencywould tendto reducethesound
absorptionof the gypsumboardwall at low frequencies
abovethe MAM resonancefrequency.It was unfortu-
natelynotpossibleto performsoundabsorptiontestson
gypsumboardwalls wherethe cavities are filled with
sound-absorbingmaterial,but somedatawereobtained

0.5 ,....---------------,
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Fig. 1. Soundabsorptioncoefficientsversus ｯ ｮ ･ Ｍ ｴ ｨ ｩ ｲ ､ ｾ ｯ ｣ ｴ ｡ ｶ v
band frequency, 13-mm gypsumboard on eachside of 90-
rom steelstuds.Open ｣ ｩ ｲ ｣ ｬ ･ ｳ Ｍ ｭ ･ ｡ ｳ ｵ ｲ ･ ､ d vertical bars-95%
confidence limits; solid line-calculated. (a) One layer.
(b) Two layers.
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125 250 500 lk 2k

Frequency, Hz

Fig. 2. Soundabsorptioncoefficient versusone-third-octave
bandfrequency,13-mmgypsumboardon eachside of 150-
mm steelstuds.Opencircles-measured;vertical bars-95%
confidence limits; solid line-calculated. (a) One layer.
(b) Two layers.
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Fig. 5. Sound absorption coefficient versus one-third-octave
band frequency, one layer of 13-mm gypsum board on each
side of 65-mm steelstuds with glassfiber insulation in cavity.
Open circles-measured:solid line-calculated.
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reducethe measuredhigh-frequencyabsorptionassoci-
atedwith the surface.

Threedifferent gypsumboard walls were testedfor
theeffectsof paintingtheexposedsurface.In all cases
two layersof oil-basedpaintwereaddedto the gypsum
boardsurface.One wall consistedof one layer of 13-
mm gypsumboardon eachside of 90-mm lightweight
steelstuds.The secondwall consistedof two layersof
13-mm gypsumboard on eachside of 150-mmlight-
weight steel studs. The third wall constructionwas a
single layer of l3-mm gypsumboardon only one side
of90-mmlightweightsteelstuds.Soundabsorptiontests
were performedfor the paintedand the corresponding
unpaintedwalls. Thechangesin absorptioncoefficients
whenpaintwasaddedwerethencalculatedandareplot-
ted in Fig. 6. While the resultsin the lowest frequency
bandsarenot as reliablebecauseof largerexperimental
errors,the mediumandhigherfrequencyresultsshowa
systematictrendwith increasingfrequency.Thestraight-
line fit to thesechangesin absorptioncoefficientsde-

05,-------------....,
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Fig. 4. Sound absorption coefficient versus one-third-octave
bandfrequency,one layer of 13-mm gypsumboardon each
sideof 90-mm steelstuds with glassfiber insulation in cavity.
Open circles-measured;solid line-calculated.
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In actualbuildingsgypsumboardwalls almostalways
havesomesurfacetreatment.This may be paint, vinyl
covering,or evenaddedlayersof materialssuchas ce-
ramic tiles. Thesesurfacetreatmentsare expectedto
reduce the high-frequencyresidual absorptionof the
gypsumboardsurfaceslightly, thatis, untreatedgypsum
board is a little porousand will tend to absorbsound
at higherfrequencies.Paintingor somesimilar surface
treatmentwill largelyeliminatethis porosityandhence

from previous transmission loss test results.
Fig. 4 showsabsorptioncoefficientsfor awall consist-

ing of one layer of 13-mmgypsumboardon eachside
of 90-mm lightweight steel studsand with glass fiber
material in the cavity. The MAM resonancefrequency
wascalculatedto be 64 Hz for this construction.Again
the solid line in Fig. 4 gives the calculatedabsorption
coefficientsusingEq. (2). Thesecalculatedresultswere
obtainedwith otMAM = 0.44and ot, = 0.06.

Oneotherexampleof an absorbant-filledcavity wall
was obtainedfor a constructionbasedon 65-mmlight-
weightsteelstuds.Fig. 5 illustratestheabsorptioncoef-
ficients for a constructionof onelayerof gypsumboard
on eachsideof 65-mm steelstudsandwith glassfiber
in thecavity. TheMAM resonancefrequencywascalcu-
latedto be76 Hz for this construction.As for theprevi-
ousresults, the calculatedabsorptioncoefficientswere
obtainedwith otMAM = 0.44and ot, = 0.06.

Thesedatafor absorbant-filled cavitiesobtainedfrom
transmissionlosstestsshowinferior agreementwith the
calculatedvaluesthan the data from absorptiontests.
Thereis moreuncertaintyasto thehigh-frequencyresid-
ualabsorptionot" andapparentlysomeerrorin theMAM
resonancefrequencyfor the 65-mmwall resultsin Fig.
5. However,theresultsareprobablysatisfactoryto vali-
datethe calculationprocedurefor absorbant-filledcav-
ity walls.

5 SURFACE TREATMENTS

BRADLEY

125 250 500 lk 2k 4k

Frequency, Hz

Fig. 3. Sound absorption coefficient versus one-third-octave
bandfrequency,one layer of 13-mm gypsumboardon each
side of 65-rnm steel studs. Open circles-measured; solid
ｬ ｩ ｮ ･ ｾ ｣ ｡ ｬ ｣ ｵ ｬ ｡ ｴ ･ ､ d dotted line-calculated with correction for
nonporous surface.
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0.1

creasesat 0.0036per octaveabove100 Hz. Although
there is significant scatterabout this line, the overall
effectsaresmall,andthis relationshipseemspractically
adequateto predict the effect of painting a gypsum
boardsurface.

It is assumedthatthissamecorrectionwill besatisfac-
tory to explain the effect of other surfacetreatments
that eliminate the porousgypsumboard surface.For
example,vinyl-surfacedgypsum board is expectedto
have similar propertiesto paintedgypsumboard. Ac-
cordinglyFig. 3 includesasecondcalculatedresult(dot-
ted line) that addsthe expectedeffect of a nonporous
surfacetreatmentto the calculationof Eq. (2). That is,
the absorptioncoefficientscalculatedfrom Eq. (2) are
reduceda further0.0036peroctaveabove100Hz. The
correctionis quitesmallandis only largerthanthemea-
surementconfidencelimits athigherfrequencies.It does
seemto improvethepredictionof theabsorbingproper-
ties of gypsum board walls with nonporoussurface
treatments.

As a further exampleof a surfacetreatment,heavy
quarry tiles were addedto a wall to demonstratethe
possibleimprovementsin termsof decreasedsoundab-
sorption coefficients. It was expectedthat the added
weight of the tiles would lower the MAM resonance
frequencyand hencereducelow-frequencyabsorption
abovethis frequencyandthat the nonporoussurfaceof
the tiles would alsoreducethe high-frequencyabsorp-
tion of the wall. Thewall constructionconsistedof two
layersof 13-mmgypsumboardon eachsideof 150-mm
steelstudswith an emptycavity. The quarry tiles were
approximately13 mm thick and had a surfacedensity
of 28 kglm'. The MAM resonancefrequencyfor this
constructionwascalculatedto be41 Hz. Calculatedab-
sorptioncoefficientswereobtainedusingaMAM = 0.44
anda, = 0.06,asfor othercaseswith doublelayersof
gypsumboard.The calculationswere further modified
by addingthe -0.0036peroctavecorrectionfrom Fig.
6 for nonporoussurfaces.Fig. 7 comparesmeasured
absorptioncoefficientswith calculatedvalues for this
construction.Measuredandcalculatedabsorptioncoef-

ficients agreewell, and theseresultsvalidateboth the
calculationsbasedon Eq. (2) and the nonporoussur-
facecorrection.

6 SINGLE LAYER OF GYPSUM BOARD

In somecasesa single layer of gypsumboard may
exist without a secondlayer on the other side of the
supportingstuds.Forexample,manygypsumboardceil-
ingswould approximatethis case.Two setsof measure-
mentsof single gypsumboard layers were made,and
the resultsare shownin Fig. 8. The absorptioncoeffi-
cientswereobtainedfrom soundabsorptiontestsof sin-
gle layersof 13-mmtype-X gypsumboardon oneside
of 90-mmand150-mmlightweightsteelstuds.Thetwo
wall constructionsled to almostidentical results,and
one must concludethat the different stud sizeshave
no effect.

Somefurther testswere performedto determinethe
causeof the slightly increasedabsorptionat lower fre-

0.5 ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ

0.4

125 250 500 lk 2k 4k

Frequency, Hz

Fig. 7. Soundabsorptioncoefficientsversusone-third-octave
bandfrequency,two layersof 13-nungyp-sumboardon each
sideof ISO-nunsteelstudswith quarry tlles on exposedsur-
face. Opencircles-measured;solid line-calculated.

90mm
.•Q ••

150mm
--+-

0.1

0.4
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Fig. 8. Measuredsound absorptioncoefficients versusone·
ｴ ｨ ｩ ｲ ､ ｾ ｯ ｣ ｴ ｡ ｶ v band frequencyfor one layer of 13-mmgypsum
boardon one sideof 90- and 150·mmsteelstuds.
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Fig. 6. Changein soundabsorption ｣ ｯ ･ ｾ ｦ ｩ ｣ ｩ ･ ｮ ｴ t versus ｯ ｮ ･ e
third-octavebandfrequencybecauseof pamtaddedto exposed
gypsumboardsurface.
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8 CONCLUSIONS

(3)
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For example,an MAM resonancefrequencyof 100 Hz
would lead to 34% absorptionat 125 Hz, but a 40-Hz
MAM resonancefrequency would reducethe 125-Hz
absorptionto about 10%. After decidingon a required
MAM resonancefrequency,onemustdeterminethewall
constructionrequiredto producethis MAM resonance
frequency.Thenonecancalculatetheabsorptioncharac-
teristics using Eq. (2) and the proceduresoutlined in
this paper, knowing that the requiredminimum low-
frequencyabsorptionwill be achieved.

Themeasuredsoundabsorptioncoefficientspresented
in this papergive accuratedescriptionsof the sound-
absorbingpropertiesof severalgypsumboardwall con-
structions. A simple calculation model was presented
thataccuratelyfits themeasureddataandis aconvenient
meansof estimatingthe sound-absorbingpropertiesof
othersimilar gypsumboardwalls at frequenciesabove
the MAM resonancefrequency. The model takes into
accountthe MAM resonancethat normally determines

gypsumboardare addedand the MAM resonancefre-
quencyis lowered.Thuswhile a singlelayerof gypsum
boardon eachside of the 90-mm studswould lead to
almost 40% absorptionat 100 Hz, four layers would
reducethis to about 13%. However, this figure also
illustrates that the samereducedabsorptioncould be
achievedusingonly two layersof gypsumboardoneach
sideof the studswith an absorbant·filledcavity. Thus,
addingsound·absorbingmaterialin thecavitycanreduce
the low-frequencyabsorptionof a gypsumboard wall
significantly.

As a final designaid it is useful to relate the low-
frequencysoundabsorptionto the MAM resonancefre-
quency.Onecancalculatethe expected125-Hzabsorp-
tion coefficient from the following equation:

OLL-'-'-...LLL-'-'-L-'-'-...LLL-'-'-L.L.L..LJ
125 250 500 1k 2k 4k

Frequency,Hz

Fig. 9. Calculatedabsorptioncoefficientsfor variousnumbers
of layers of 13-mm gypsum board on both sidesof 90-mm
steel studs. Solid lines-emptycavity; dashedline-glass
fiber insulation in cavity.

7 DESIGNING FOR MINIMAL LOW-FREQUENCY
ABSORPTION

Theproceduresusedto calculatethesoundabsorption
of gypsumboard walls havebeenshownto agreewell
with a varicly of measuredresults for walls built on
lightweight slcc! studs.It thereforeseemsreasonableto
baseadesignprocedurefor predictingthesoundabsorp-
lion of these Iypes of walls on this samecalculation
method.Where low-frequencyabsorptionis neededat
aparticularfrequency,onecouldusea wall construction
with anappropriatelytunedMAM resonancefrequency.
Whereit is desiredto designfor someparticularreduced
low-frequencyabsorption,one could usethe complete
calculation procedureto predict the absorptioncoeffi-
cients as 11 function of frequency for the desired

construction.
To estimlllc thecompleteabsorptioncharacteristicsof

a gypsumbOllrd wall, onemustfirst calculatethe MAM
resonancefrequencyusingEq. (I). As examplesof this
calculation,I he calculatedMAM resonancefrequencies
havebeengiven in this paperfor eachof the measured
test consll'll,,1ions. The absorptioncoefficients versus
frequency"hlll'llcteristics can then be calculatedusing
Eq. (2). Vnlues of the parameters"'MAM and "'. have
beendetermilledfrom themeasurementsreportedin this
paper. The vlIlue of ､ ｍ ａ A = 0.44 was found to be
acceptablefor nil ｣ ｯ ｮ ｳ ｴ ｲ ｵ ｣ ｾ ｬ ｏ ｮ ｳ s Two valuesof O::s were
used. For sillgle layers wIthout a surfacetreatmenta
valueof u, ｾ 0,045wasfoundto besuitable.Fordouble
layersof ulllrellied gypsu.mboarda?dfor constructions
with absllrhillg mlltenal m the cavIty a value of "'. =
0.06wasused,Wheretheexposedsurfaceof thegypsum
boardis Irellle,1 with somenonporousmaterial,a further
correctioll "I' 0.0036peroctaveabove100Hz should
also be lIdde,1.

Fig. 9 illusll'lItes examplecalculationsfor walls built
on90.mmlighl\voighl sleelstuds.Thegradualreduction
in low-frC'l1HC'IH:Y ubsorptionis seenas more layers of
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quenciesfor the twO resultsin Fig. 8. In onetesta large
amountof sour,.1-absorbingmaterial was addedto the
reverberationchamberbehindthetestwall. Becausethe
transmission1M' of a single layer of gypsumboard is
quite small at lower frequc:ncies,it wasthoughtthat the
reverberationof the backmgchambermIght mfluence
the results. The addition of the absorptionmaterial to
the backing chamberreducedthe soundabsorptionin
the 100- and 125-Hzone-third-octavebandsby a small
amount. A secondtest was performedafter removing
the supportingsteel studs from the construction.The
gypsumboardpanelswereheld togetherwith aluminum
tapeandsupportedonly at theperiphery.Removingthe
supportingstuds reducedthe soundabsorptioncoeffi-
cients in the one-third-octavebandsbetween200 and
400Hz by a small amount.Thusmuchof the measured
low-frequencyabsorptionfor a wall consistingof a sin-
gle layer of gypsumboardon steel studs is due to the
vibrational propertiesof the constructionandwas only
slightly influencedby the measurementtechnique.
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the low-frequencysoundabsorptionof gypsum board
cavitywalls. Themodelalsoestimatestheresidualhigh-
frequencysoundabsorptionof severaltypesof surface
treatments.The modelhasbeenvalidatedfor a rangeof
constructionsconsistingof gypsumboardon lightweight
steelstudsbothwith andwithout soundabsorbingmate-
rial in the cavity.

Thereareseveralpossiblesourcesof errorin themea-
suredsoundabsorptionresults.Precisemeasurementsat
low frequenciesin a reverberationchamberaredifficult
to obtain. The increasedconfidencelimits at lower fre-
quenciesassociatedwith the measuredvalues in Figs.
I and 2 indicate the possiblemagnitudeof this source
of errors. Furthersmall errorsare possibleat medium
and higher frequenciesdue to the procedureused to
obtain a no-samplecase.When the heavysliding door
was opened,it hung approximately10 mm from the
reverberationchamberwall. Testssuggestedthat this
small gap could add a small amountof absorptionat
mediumandhigherfrequenciesequivalentto a wall ab-
sorptioncoefficientof 0.01-0.03.This would tend to
increasethemeasuredmedium-andhigh-frequencywall
absorptionvaluesincorrectly. However,similar effects
arepossiblewhentheheavydoorwasclosedto coverthe
samplewall, which would tendto decreasethemeasured
soundabsorptioncoefficients. It is not possibleto be

SOUND ABSORPTION OF GYPSUM BOARD

sureof the netmagnitudeof thesetypesof errorsin the
measuredabsorptioncoefficients,but they are unlikely
to be greaterthan0.01-0.03.

Thereare a numberof other typesof wall construc-
tions that werenot tested.Furtherwork is suggestedto
determinethe validity of thecalculationmodelfor these
otherconstructions.They would includegypsumboard
walls built on woodstudsandconcreteblock walls with
gypsumboardsurfacesseparatedfrom theblockby rela-
tively smallair spaces.Someconstructiondetailsmight
alsoinfluencethesoundabsorptionof thegypsumboard
walls and shouldbe investigated.Thesewould include
thestudspacingandthetypeof bondingbetweenmulti-
ple layersof gypsumboard.
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