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ABSTRACT

This study is mainly to determine the sound transmission loss (STL) performance of the
four selecteduilding materiak using the impedance tube. The fduilding materials

are autoclavedaerated concretAAC), laminated glass, expanded polystyrene and
rockwool Transmission loss occurs when a sound goes through a partition or barrier. The
specimengre prepareth two thicknesses, which are 10 mm and 20 mm.SHeof the
specimen was determined aadalysed It is observed that the STL results for e

tested materials are haviagimilar trend, which isthicker specimen givesigher STL

In general all the materials deliver higBTL at the frequency range of 300500 Hz.

In overall, the result shows that the expanded polystyrene scores the Bighasbhong

the fourbuilding materials in this studysix combinations of different material also were
tested, and AACG& expanded polystene combinatiorshows the highessTL value
among thesix combinations. The outcomes of this study baneferredby noise control
engineer on the selection of the sound insulation material for the building noise insulation
treatment

Keywords:Soundtransmission loss (STLbuilding materials
INTRODUCTION

Acoustic knowledge on the building material is important when it cdone®nstruction.
It is important to know what the desired requirement of the wall is and which nsterial
suitable for itff1]. People oftermadea mistakein choosing the noise insulation material
for thebuildingsandresuledin too much echo during the speech in the baétcetera
[2-3]. The basic knowledge on the acoustic is the sound transmissio(Stissand
sound absorption. These two terms may sound like the, baitiieis not. TheSTL occurs
when a sound goes througlpartition or barrier4]. When airborne sound impinges on a
wall, some of the sound energy is reflected, some ensrgipsorbedvithin the wall
structure, and some energy transmittedthrough the wall $]. Whereas the sound
absorption is the act a&dfirning acoustical energy into some other form of energy, usually
is heat.The sound insulation performance of the noise insulation materials depends on
the thickness, density, and othggk

Normally,the parts o&building, such asoof, wall, door ad window are requik
specific acoustic propertp achieve sound insulatigpurposes, for instance, insulate the
traffic noise, construction noise, and machining noise which the noise source nearby with
the residential are|r]. The targeimaterials for this study are wall matesalvhich are
Autoclaved Aerated Concrete (AAC), laminated glasspaeded polystyrene and
rockwoolas normallythese materials are used for the building wall or partitioning of the
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rooms.For exanple, AAC widely tobe used fowall building as it iscosteffective[§],
good sound insulatior®{10], andlightweight[11].

In general, bavy and impervious materials arehown better in blocking or
attenuating sound energy compare to l@idporous materials. The empirical mass law
deduced from realorld measurements showed that the transmission loss is directly
proportional to the wface density of the barried][ Thus, different types of wall
materials are selected aadalysedto deternme the STL performanda this study

METHODOLOGY
Two-load Method

The tvo-load method is one of the methods to determine the sound pressures and from
the sound pressures calculate the sound transmission loss (STL). Figure 1 shows the
sketch of thetwo-load method STLimpedance tubemeasurementFor the STL
impedance tubeneasurementhere are four sound waves transmitted from the sound
source, passing through thgesimen and sound waves reflected by tpeea@menand

rigid end of the impedance tubE]. The sound pressued microphone 1, 2, 3, adccan

be expressedsEq. (1) to(4) respectively.

P, = Ad Ttk 4 B ¥tk (1)
P, = Ad Ytk 4 Bd Ytkx (2)
Py = Cd *tkxs 4 Dg ¥tkxs (3)
P, = Cd Ytkx 4 Dg Ttk 4)

whereA to D are amplitudes of the sound waves kimglthe wave numbek; to x4 are
the distance between the specimen with the respected microphone 1 to 4 as shown in
Figure 1.

Microphones

Inlet Tube

Rigid > ia Sound Source
Termination - x, N
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=
Y

Figure 1.Two-load methodf STL measurement
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The amplitudes ohsound wave can be expressed in terms of the sound pressures
1 Py, P, Ps, and Rfor the 4 microphones and showrtas (5) to (8)The STL coefficient,
U can be determined using the Eq. (9).

j P *-pyd M (5)
~ 25 ik -Xp)
| Pel M-ppel % (6)
2s ik“l-XZ)
c | Pael Ma-pye % (7)
25 iknz-Xg)
j Pyed e-pgeld e (8)
2S |k|)(3 'X4)
A_Ub c (9)
B o U D

For the tweload method, two different conditisrof the test were conducted,
which are rigid cap terminating and open terminatit8j.[Solved the equations together

and the sound transmission | oss coefficient
U_A1D2'A2D1 (10)
C,D,-C,D,

and the equation for STL in dB is
STL =-20log{ U) (11)
Materials Selection

In this study, thee arefour different building materialschose, which are autoclaved
aerated concrete (AAQ)L4-15], expanded polystyreéd6-17], rockwool [18-20], and
laminated glas$21-23]. In general, thdour materials that choose in this studye
normally appliedor buildings or constructions. For exampdAC is used to build the
structureof building [24-25]; laminated glasss usedfor the window[26]. Thesefour
materialsare shownn Figure2(a)i 2(d). All of the materialsre cutnto acylindershape
with the diameter of 30 mm and the thickness of 10 mm and 20 mm.
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(@) (b)

(d)

Figure2. Building materials (aqutoclaved aerated concrete (AAQ)) expanded
polystyrene; (c) rockwool; (d) laminated glass

Experiment Setup

In this studyjwo-load method impedance tubeagusedfor the sound transmission loss
(STL) measurement fahe building materials. Figur@shows theexperimerdl setup in
the laboratory. The twtpad method impedance tube setvgs buit according to ASTM
E1050[27]. There are two pairs of microphones before and afteypeimen isnounted

on the main tubeThe % inch BSWA MA211 microphones were used in this
measurement. It was calibrated with CENTER 326 sound level calibrator beddsa L
measuremenivas conductedThe main tubas madeof acrylic and in the shape af
cylinder, with adiameterof 30 mm ad 3 mm wall thickness.

In Figure 3, one end of the main tuiseconnectedo the sound source (speaker
box) driven by the output signal generator of LMS SCADAS Mobile SCMO01. The
random noise containing the frequencies of 125 Hz to 5500 Hz is used for the noise
source. The other end of the main tuleterminatedwith the rigid or anechoic
termination. The signals from the four microphones are collected by the data acquisition
board of LMS SCADAS Mobile SCMO01 and then processed bwatladser software.
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Figure3. Two-loadmethod impedance tube experinadisetup

RESULTS AND DISCUSSION
Sound Transmission Loss (STL) of Building Materials

The sound transmission [0§STL) of autoclaved aerated concrete (AAG)shownin
Figure 4(a) The resultindicates specimenwith 20 mm thicknesshas higherSTL
compared witllO mm thickness specimen. The STL of AAC is greatest in the frequency
range of 3000 5000 Hz. From frequency 30006500 Hz, the STL for both 10 mm and

20 mm specimens a@onsideredluctuate. Frequency range from 203000 Hz, the

STL of 10 mm specimeis steadily incredsg to 7dB where 20 mm specimen is increhse

to 8dB at 1300 Hz and decreases slowly until 3000Hz. The peak value for botrénes
fell in the frequency of 3360 Hz. The peak valu&®t for 10 mm specimen is 69.6 dB,
which is highethan 20 mm specimen withe STLpeak value of 68.5 dB. Tlafferent

in the peak value is less than 1 dB.

Figure 4(b)shows the STlresultof expanded polystyrent.is foundthat20 mm
thickness specimegisohas greater STL compared to 10 mm thickness specinteoh
similar trend compared with AAG-or frequency range of 2003000 Hz, the 10 mm
specimen isteadywith a low STL, andstart fluctuating in the frequency range of 3000
i 5500 Hz. Specimen witthickness 10 mm reach#dse highest STLof 64.6 dB at 3360
Hz. The 20 mm thickness specimrflutteredfrom 2007 5500 Hz. Itis observedhat
there ardour STL peaks, whichldrop at1210 Hz, 2630 Hz, 3360 Hz and 4540 Hz, with
the STL of 49.6 dB, 20.1 dB74.1 dB and 31.3 dB respectively. Both of the specimens
reached the higheSITL at frequencyB333 Hz.By the observation as depictedRigure
4(b), expanded polystyrergpecimernasshownit coulddeliver much more improvement
of STL compared to others selected materials in this study for the frequency below 3300
Hz, as its thicknessas increasettom 10 mm to 20 mm
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Figure4. Sound transmission loss (@) AAC (b)expanded polystyrenéc) laminated
glass and; (djockwool

Figure 4(c)showsthe STL of laminated gladsr the specimen thickness of 10
mm and 20 mmit is observedhat the STL curve for th£#0 mm and 20 mm specimens
are quitecloseto eachothers Both the specimens have the ste&dy for the frequency
rangeof 2007 3000Hz and fluctuag at a higherfrequency range a30007 5500 Hz.
Bothof the specimens havedBTL peak at the same frequency but different value, which
is 69.2 dB for 20 mm thickness specimen and 66.9 dB for the 10 mm thickness specimen.
EvenFigure 4(c)shows both specimens have alm@stilar STL, however inoverall, 20
mm thickness specimen has gre&€&L compare to the 10 mm specimeBased on the
observation in this sectionarhinated glassan be consideredhatit has insignificant
effect of the thickness on the STL improvement.

STL for the rockwool specimenis shownin Figure 4(d) The STL results of
rockwoolfor specimens 10 mm and 20 mm thicknease almost the san&TL result.
However the 20 mm specimen ghowedgreaterSTL compare to 10 mm specimeim
overall Figure 4(dshows both specimeasesteadyandlow STL at the frequencyange
20071 3000 Hz, and th&TL curvefluctuated atrequency30001 5500 Hz.At the same
time, itis also foundthat the STL peaks forabh specimensre droppingat the same
frequency of 3332 Hand similar STL o657 dB. TheSTL of rockwool is considered
relatively low compared with others selected materials in this study. This phenomenon
can be explained by tlempirical mass lawwyherethe STL is directly proportional to the
surface density of theaterialq4].

Comparison of Sound Transmission Loss between DifferefBuilding Materials

In this section,lte STLcomparisorof four building materials with 10 mnand 20 mm
thicknessare shown in Figure 5(a)and Figure 5(b)respectively For the specimen
thickness 20 mmhe STL of four building materials show similar inflation trend. At the
frequency range of 2003000 Hz, all théouilding materials arshowinglow and steady
STL. Forthis frequencyrange, AACscoreghe highesSTL. On the other hand, STL is
fluctuating at the frequency ran@01 5500 Hz In overall, # the building materials
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score the STlpeak value at th&equency 0f3332 Hz. The differences in tI®TL of
these four materials are very cldee 10 mm thicknessf the specimen

In Figure 5(b) it shows that mobkt the building materialshavesteady and low
STL at frequency2007i 3000 Hz.However,the expanded polystyrene has a fluttered
trendof STLin overall. Allthe buildingmaterialsachievethe STL peak athe frequency
3332 Hz, where expanded polystyresmoresthe highestSTL of 75 dB In general,
expanded polystyrerdgeliversthe greatessTL compare to the othersandrockwoolhas
the lowestSTL for the specimen thickes of 20 mm
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Figure5. Sound transmission loss of four building material specimefe it0 mm
and; (b)20 mm thickness.

Sound Transmission Loss Different Combination oBuilding Materials

There are six combinations of building materials are selected to investigate and compare
the sound transmission loss (STL) performance in this section. The six combinations
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