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This publication presents results of research on naturally ventilated Double Transparent Facades (DTF).
The influence of the structural design of DTFs on the airborne sound insulation was investigated. For this
purpose, 9 DTFs were measured in situ and 9 Double Transparent Facade Elements (DTF) were measured
in a laboratory setting. The influence of the cavity thickness, the parallelism of the constitution layers, the
amount of absorbing surfaces in the cavity, and the presence ventilation slots were investigated. Based on
the performed measurements, a prediction model that allows a fast engineering calculation of the sound
insulation of DTF’s was developed.
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1. INTRODUCTION

Double transparent facades (DTF) are used quite often in European countries. Their
construction has been refined over many years of research. Developers have sought for new approaches
to overcome the disadvantages of single layer lightweight transparent facades. The main priority in
building physics research went mainly to aspects of energy efficiency, indoor climate, ventilation and
daylight s, Nowadays progress of DTF performance in terms of thermo-technical aspects concerning
energy, aerodynamics, structural requirements, and aerodynamics, is demonstrated by a large number
of reports in literature °. It should be noted that due to economic reasons, DTFs are mainly used in
administrative buildings.

The presented work deals with naturally ventilated Double Transparent Facades (DTF). From a
building acoustics point of view, DTFs allow for natural ventilation in buildings while keeping the
indoor sound pressure levels caused by exterior noise to reasonable levels '“'*. On the other hand, by
increasing the fagade sound insulation, the background noise resulting from outdoor sound sources is
attenuated. Previous research shows that, if the background noise in a DTF cavity is lower than 62 dB,
it is possible to understand the speech from a neighboring room. The Speech Transmission Index
(STI) is most sensitive to the vertical cross section area of cavity. When decreasing the overall width of
the DTF, also the STI and G values decrease. The differences between different locations in the room
have been found to be small. For non-parallel and thin cavities, the expression for the sound insulation
between two spaces proposed in EN ISO 12354-1 gives different results than simulations "°.

In the following, we discuss the influence of the structural design of DTFs on the airborne sound
insulation. For this purpose, 9 DTFs were measured in situ and 9 Double Transparent Fagade Elements
were measured in a laboratory setting. The influence of the cavity thickness, the parallelism of the
constitution layers, the amount of absorbing surfaces in the cavity, and the effect of ventilation slots
were investigated. Based on the performed measurements, a prediction model that allows a fast
engineering calculation of the sound insulation of DTF’s is validated '°.

2. CASE STUDY EXPLANATION

A. IN SITUMEASUREMENTS

Nine naturally ventilated double skin facades (DSF) were measured. The measurements were
carried out in accordance to standard EN ISO 16283-1 '". One additional microphone position was
chosen inside of the DTF cavity to get partial information about sound pressure level difference inside
of the facade. Based on the measured data a combination of mass law behavior, standing wave induced
resonances in the cavity and air coupling around and above the coincidence frequency were analysed.
The influence of the kind of DTF ventilation on the sound insulation was investigated. In some cases a
disadvantage of lightweight blinding systems and shields usage in the cavity became clear. The air
flow in the cavity could be high, and some of the lightweight parts induced the additional noise in the
cavities.

B. LABORATORY MEASUREMENTS

For 9 different glass window DTF-like arrangements, laboratory measurements were performed in
accordance with standard ISO 10140-4 '®. Also the sound pressure level in the DTF was analysed. The
influence of the cavity thickness, the parallelism of the two glass panels, the absorptivity of the cavity,
and the effect of ventilation slots were investigated.
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3. ENGINEERING PREDICTION MODEL DESCRIPTION

One of the goals of this work was to verify an engineering prediction model approach for the
calculation of sound insulation spectra of naturally ventilated DTF '°. The model was developed based
on the responses of the individual parts of the facade. The individual sound insulation of each panel
was determined by means of standard approaches in advance'’. The contribution to the sound
transmission of ventilation slots was modeled as proposed in *°. The tested engineering prediction
model divides the sound insulation spectrum into three frequency ranges.

The cavity eigenmode frequency range: In the part of the spectrum below the cavity eigenmode
frequency, the sound insulation can be approximated as a sum of the individual insulations of the two
panels, decremented by 4dB.

The frequency range with sound insulation behavior dominated by the transmission of sound via
ventilation slots: In the frequency range between the cavity eigenmode frequency and the coincidence
frequency of the exterior panel, a model was developed in '®*'. For ventilation by open slots, the sound
insulation of the exterior window is to an important extent neutralized, reducing the overall sound
insulation by 6dB/octave. For ventilation by a mesh or a grill, the overall sound insulation is reduced
by 9dB/octave.

The frequency range above the coincidence frequency: In this frequency range, the sound insulation
was calculated as the sound insulation of the dominant layer increased by 6dB.

4. CONCLUSION

Based on in situ and laboratory measurements, it was found that, the sound insulation of DTF
is affected by type of ventilation slots and acoustic standing waves in the cavity. The usual
improvement of sound insulation by ventilated layer (external layer) is in range of AR,= 5 to 9 dB. In
the absence of ventilation slots, the insulation increased up to almost 20 dB for window size elements.
The effect of the increasing the cavity thickness by 16% and shape non-parallelism of 50 mm on the
sound insulation spectrum was found to be negligible. On the other hand., placing absorbing material
along the sides of the cavity increased R,, about 7-8 dB. This approach was effective both for open and
closed cavity. Placement of absorptive material increased the slope of the sound insulation curve slope
by about +4 dB/octave below the coincidence frequency. The engineering prediction model gives
roughly good results in the middle and high frequency range. Single number rating sound insulation
prediction values were found to be within 1dB from experimental values. The low frequency insulation
still remains difficult to predict.
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