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Abstract

This research concerns a 200 mm thick panel filgth water. The airborne sound
insulation of this panel was measured in accordavitie standard 1SO 140-3 [2]. Results
show that the single number rating for the airbaoend insulation R[3] for an average
water layer thickness of 200 mm is 48 dB. This gakicomparable to the one of a 150 mm
brick wall or 100 mm concrete panel. Prediction®uhsound insulation of the same
system at different thickness and possible apjdinatsuch as highway sound barrier or
construction site sound barrier are presenteddridtiowing page
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1.introduction

Water has a higher mass compared to the one dftas.property can be useful to develop
a sound insulating panel made by membrane and veatr It is well known that,
nowadays, new developments in architectural free fehaped buildings lead to the design
of filled multilayer membranes as facade constarciiWenmaekerst al [9]). The water
between the membranes can collect or radiate heatld and transfer it to and from the



building service system (Pror al [6]). Moreover, as presented in the design cortipati
“Create a barrier of silence” by Schiphol Airpdtte design team “Silent Blue” proved that
a water panel can also work as a sound barriergftngp proposed a noise barrier made by
a multilayer membrane filled with water as a ronflavall structure [8]. In this context, a
sound reduction of 20 dB was required in the 31z50ktave band for the attenuation of
ground noise by airplanes.

To understand the behaviour of water as a soundtiso material, tests were done in the
Acoustics Laboratory of Eindhoven University. Résuthowed that water is a useful
material in terms of sound insulation propertielse Tests indicated that doubling the water
layer, the weighted sound insulation indexiRcreases 3 dB (Wenmaeketsal [9]).

To show the sound insulation properties of a wateep a mock-up was designed and
tested. The measurement set-up and result ofaiste presented in the following pages.

2.1 The mock-up

A panel (Figure 17) of 150 cm *125 cm *20 cm sizaswroduced at Buitink Technology,
The Netherlands. The size comes from the standatdsize of the test opening for
windows in the Acoustics Laboratory. The thickne$she panel follows from the distant
fabric (Figure 18) used. This panel consists of lay@rs of membranes placed at a constant
fixed distance of 20 cm. The total mass of the pawben deflated, is 7,34 kilogram.
Surface mass of one layer of membrane is therdf@® kg/ni.
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Figure 17 Figure 18

2.2 Testing

The airborne sound insulation of water was measimeaccordance with ISO standard
140-3 “Laboratory measurements of airborne sousdlation of building elements” [2].

The panel was placed into the vertical opening betwtwo highly sound insulated

concrete test rooms. In the first room (source fpaandom pink noise is produced by an
amplifier with integrated noise generator (AE Angolji and a loudspeaker (Meyvis type
M4). Meanwhile the equivalent sound pressure ldwed| is measured in source and
receiving room with omnidirectional microphones |fEyB&K 4165) on a rotating boom

(16 seconds per rotation) and software DIRAC 4.1 Mhe sound pressure level is
averaged over two different loudspeaker positiéiso, the reverberation time T has been



measured by the impulse response method [4] udimy same equipment and an
exponential sweep signal generated by DIRAC 4.k a¥erage of 6 measurements with 2
loudspeaker positions and 3 microphone positiorsskieen used for the determination of
the average reverberation time. The equivalentratiso area in the receiving room 2 is
evaluated using Sabine’s reverberation formula e sound reduction index R is
calculated from equation (2).

1) (1)
where:
= the volume of the receiving room, irfm
= the reverberation time in the receiving roomsi

R=1Ly—L,+10 log(%) [dB] (2)
where
= the sound reduction index, in dB;
L, = the average sound pressure level in the sooare,rin dB re. 20 Pa;
L,=  the average sound pressure level in the re@eigiom, in dB re. 20Pa;

= the area of the test object, in mz;
= the equivalent absorption area in the receivogn, in m2.

A supporting wooden structure with almost no sounsdilation was built up on both sides
to keep the panel in place (Figure 19 a-b). Theepasas tested for leakage of sound by the
use of a stethoscope. Several gaps were detedigddrethe membrane and the edge of the
opening due to the wrinkling of the inflatable. Foatrips were used to lose the gaps and
successfully close the leakage of sound (Figure 20)

Two different tests have been carried out. In trst fest, the panel was filled with air and
the surface mass for each panel was 1,95 %dmihe second test, the panel was filled with
water and the surface mass of the whole elemen2@@kg/ni.

Figure 19 a-b Figure 20



3.1 Experimental results

Figure 21 shows the sound reduction index as atifimof frequency for one-third octave
bands 50 to 5000 Hz for the 2 two tests.

In Table 1 values are given for the airborne sorettliction index for the air and water
panel. Also the single number ratings &e given in accordance with ISO 717-1 [3].
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Sound reduction

Frequency index R [dB]
[HZ] Air | Water
50 11,7 26,2
63 19.9 35,9
80 13,5 35,1
100 14,6 38
125 14,5 40,2
160 11,7 39,5
200 10,8 41
250 13 42,9
315 13,5 45,7
400 14,3 48,5
500 13,3 48,9
630 13,3 43,3
800 17,2 49,1
1000 21 48,9
1250 24,8 48,8
1600 29,1 48,4
2000 39,8 47,8




2500 33,9 49,4
3150 35,9 49,5
4000 37,3 52,6
5000 37,1 52
Ru 20 48
Table 1

3.2 Discussion

The sound insulation of a double membrane pan&dmtidabric of with a cavity of 200 mm
thick (surface mass of 1,95 kgfniilled with air is comparable to the one provideg two
medium-density wooden panels of 3 mm thick (surfdessity of 2,1 kg/f), with an air
chamber of 200 mm in-between (Figure 24). To comphe sound insulation of these
panels to those of other materials, the softwar@UN (Marshal Day acoustics) was used.
The connections between the two membranes in gtiardifabric were considered as point-
connections at a distance of 30 mm. (Figure 22)
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Figure 22

The sound insulation of water is much higher thieait tof air, as expected. The sound
insulation curve of the water panel shown in thartlin Figure 21 shows a low sound
insulation at high frequencies, probably becausentater panel, above the valve level, was
not completely filled in. To assure the maximuntirfig and have an homogeneous panel,
the membrane was pierced with a needle in top gfatthe panel (Figure 23). Also there
must have been sound leaks at the perimeter bethespanel was moving in the test
opening during the (continuous) filling.

The single number rating measured in this testighdr than the one expected from
extrapolation of the result of the previous test®efmaeker®t al [9]). A R, value of 45
dB was expected and 48 dB is the measurement rdsdtincrease of 3 dB could be a
consequence of the presence of two layers of memabfdistant fabric) instead of the
single layer of the previous test. This value airmbinsulation for a 200 mm thick water
panel (surface density of 200 kdjnis comparable to the sound insulation of a 100 mm
thick concrete wall (surface mass of 230 ko/or a 150 mm thick brick wall (surface mass
of 250 kg/nf) (Figure 24). However, in practice, a thinner kagé water (around 80-100
mm) should be used otherwise problems of stahilityld become relevant.
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Figure 24

4. Conclusions

The research proved that water can be used adwstal(please have a look at the other
paper) and sound insulating material for architedtapplication.

Sound insulation tests demonstrate that water a@nik @s a noise barrier for architectural
applications. A 200 mm thick water panel could lage as much as a 100 mm concrete
wall. However, due to stability problems, thinnayérs are preferable in practice.

As a conclusion, we can sum up the advantagesimg water in architectural applications:
firstly, the large (heat) accumulating capacitycamully, the capability to resist at
compression; thirdly, sound insulation capacity.altdition we should mention the low
price and the availability. These last two points af great importance because they assure
that this kinds of application could be used alnm&rywhere, as long as water is available
in the surroundings.



Systems described before could be used for temposatuctures, such as pavilions, tents,
and for exhibitions but also for free-form architee. In addition, due to the availability of

the material, applications in case of emergencyatse possible. These kinds of solutions
can be built rapidly, easily disassembled and estug-urthermore, only small storage
accommodation is needed to store the whole elements
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