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Abstract

High sound insulation ventilating windows (HSIVW) were recently proposed for noise con-

trol in buildings close to motorways or railways, where noise barriers are not effective or too

expensive. These windows are characterized by good insulation performances and at the same

time allow airflow through the window itself; such a performance matches summer indoor ven-

tilation and refreshment needs.

In the last years at the Acoustics Laboratory of the University of Perugia various proto-

types were tested and their acoustic and airflow performances were assessed, also verifying

the influence of filtering systems in the aerator.

In the present paper a lot of experimental data are presented and in particular the results of

a recent campaign, aimed at testing windows samples integrated with insulated rolling shutter

boxes are presented. Sound reduction index R and single number sound reduction index Rw

are evaluated, considering different exercise conditions; acoustic intensity measurements and

analysis have also been performed, in order to verify the parts of the window which need to

be optimized.
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Nomenclature

List of symbols

HSIVW high sound insulation ventilating windows

I sound intensity (W m�2)

L intensity level (dB, dBA)

P pressure (Pa)

R sound insulation index (dB)

RH relative humidity (%)

Rw single number sound insulation index (dB)

S surface (m2)
T temperature (�C)
TLOS twelve loudspeakers omi-directional source

W sound power (W)

Subscripts

i incident

tot total

tr transmitted
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1. Introduction

The acoustic insulation of buildings shows many problems if related to the trans-

parent openings, due to their low noise insulation properties; the airflow openings

are at the same time very important when considering the indoor air quality. Many

studies in the literature deal with this issue; open screen acoustic performances were

examined [1], consisting of vertical pickets with a sound absorbing surface on one

side in two off-set rows; empirical equations for the sound insulation performances
in different frequency ranges were proposed. Such systems, consisting in vertically

louvred noise barriers, were also proposed for outdoor applications [2] and their per-

formances were predicted by means of boundary element method programmes.

The concept of intelligent building [3] was also considered, and its acoustic perfor-

mances were related to the thermal and visual comfort conditions; the natural ven-

tilation openings [4] offer a little resistance to noise passage, so different noise

reduction techniques have to be considered, minimizing airflow path resistance.

Solutions for the indoor noise level reduction with open windows were also proposed
[5], by means of an experimental and theoretical evaluation of the noise abatement

due to the employment of different kind of indoor false-ceiling, with different absorp-

tion characteristics.

Different measurement and calculation techniques, in order to evaluate the

acoustic performance of different building enclosures, were proposed in the litera-

ture, such as the impulse measurement technique [6], which does not require special

facilities.
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In this context, a new opportunity to protect urban buildings against noise is con-

stituted by high sound insulation ventilating windows (HSIVW), which show good

insulation performances and, meanwhile, allow airflow through the window itself.

Such a performance matches summer indoor refreshment needs with respect to the

characteristics of Mediterranean climate.
At the Acoustics Laboratory of the University of Perugia an experimental cam-

paign, sponsored by the Italian Motorways Society, was carried out in the last years.

Twelve different samples of windows were first of all tested [7], to compare acoustic

performances with airflow ones; six of them have a fan installed inside the aerator, in

the other six air flow is due to a pressure difference between outdoor and indoor envi-

ronment. Sound reduction index (R) and single number sound reduction index (Rw)

were measured and evaluated according to the ISO 140/3-97 method [8,9]; an origi-

nal experimental facility was set up to determinate airflow rates [7,10]. A sound
intensity method (ISO DIS 15186-1) [11] was also used to determine R and Rw of

the main elements (glass, aerator, frame) of the window. Experimental investigation

shows that the aerator is the window�s element with the lowest Rw, while glass is the

most insulating element. Furthermore, the samples equipped with fans show lower

Rw than the others.

Further research evaluated the influence of filters – inserted in the aerators to pur-

ify the inlet airflow on the acoustic and airflow performances, showing that windows

equipped with filters still present high sound insulation, with acceptable ventilation
properties [12].

The paper presents also the results of the most recent campaign, aimed at testing

windows samples integrated with insulated rolling shutter boxes; the problem is rel-

evant since most of the italian buildings have windows with rolling shutters.

The rolling shutter box may represent a preferential way of sound transmission

[13,14], so that an accurate investigation of the new samples is suggested, aimed at

optimizing the acoustic performances.

As in previous campaigns, sound reduction index (R) and single number sound
reduction index (Rw), along with intensity measurements, were performed on the

new prototypes.
2. High sound insulation ventilating windows

Insulating properties of HSIVW are due to a particular window design, which is

based on the following criteria. Two separated parts (external and internal) which
are joined together by means of elastic junctions constitute the frame. Thus, vibra-

tions induced on the external part by outdoor noise are not transmitted to the inter-

nal one. The glass is a sandwich structure (double glass) made by two plates (internal

and external); the space between the plates is filled with particular gases (such as ar-

gon), which increase the insulation properties of the entire structure.

The aerator is a box-shaped structure whose outdoor and indoor sides are

equipped, respectively, with an inlet and outlet gate. The aerator duct walls have a

labyrinth profile and are covered by acoustic absorbing material. When a pressure



Fig. 1. HSIVW – aerator sections: (a) without fan, (b) with fan.
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difference is maintained between the two sides of the aerator, air may flow through

the duct while noise is absorbed on the duct walls. The aerator outlet gate is

equipped with a shutter that allows to regulate air flow rate. The aerator may contain

a centrifugal fan, to ensure airflow when no pressure difference is present and a filter,
to purify inlet airflow. A typical section of an aerator is shown in Fig. 1.
3. Experimental facilities

All measurements were carried out in the coupled reverberating rooms at the

Acoustic Labs of the University of Perugia. The shape and the volume of the Lab

test room are in agreement with the constraints of ISO 140/1 [15]. The tested window
was installed on a filler wall, which divides the emitting and the receiving room. Test

room map and filler wall sections are sketched in Fig. 2. Rw measurements were per-
Fig. 2. Coupled reverberating rooms: rooms map and sample wall section.



Fig. 3. Airflow rate measurement facility.
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formed according to ISO 140/3 procedure [8,9], by means of 2-channel real time ITT

sound analyzer, equipped with software for Rw calculation. The sound source em-

ployed to excite the emitting room is a twelve loudspeakers omni-directional source

(TLOS); source supply signal is white noise. Also airflow rate measurements were

carried out in the coupled reverberating rooms, thanks to the facility sketched in
Fig. 3. Determination of airflow rates versus pressure difference (DP) is attained as

follows: a fan produces a DP between emitting and receiving room, set by means

of an adjustable fan valve; an anemometer is installed on the receiving room outlet

duct to measure the aiflow rate; a differential manometer picks up DP between the

rooms [7]. During the airflow measurements, the rooms are pneumatically insulated

from the external environment. During the measurements, rooms temperature T,

rooms static pressure Patm and rooms relative humidity RH were maintained, respec-
Table 1

Characteristics of the samples without rolling shutter box (Ar = argon; SF6 = sulfur hexafluoride)

Sample no. Window Aerator

Frame type Sandwich

glass thickness

(mm)

Gas Type Fan

1 Tiltable frame 10-20-10 SF6 RENSON 43 No

2 Tiltable frame 12-11-9 Air RENSON 38 No

3 Tiltable frame 12-11-9 SF6 RENSON 40/V Yes

4 Tiltable frame 10-20-10 Air RENSON 40/V Yes

5 Simple frame 10-19-10 SF6 CIR Z150/P530 No

6 Simple frame 10-19-10 SF6 CIR ZR – E150/P290 Yes

7 Simple frame 11-15-9 Ar SAICOVENT ‘‘NAT’’ No

8 Simple frame 11-15-9 Ar SAICOVENT ‘‘300’’ Yes

9 Tiltable frame 12-20-12 Ar + SF6 ARALCO DECI – AIR K1525-10 No

10 Tiltable frame 12-20-12 Ar + SF6 RENSON 40/V Yes

11 Simple frame 12-12-9 Ar RENSON 43 No

12 Simple frame 12-12-9 Ar RENSON 40/V Yes
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tively, within the following ranges: 19 < T < 21 �C, 98 < Patm < 100 kPa,

55 < RH < 60%.
4. Sound insulation and airflow measurements on windows without rolling shutter boxes

The first experimental campaign was performed on 12 different samples of

HSIVW, whose characteristics are reported in Table 1.

Single number sound reduction index Rw and airflow rate measurements results

are reported in Table 2 [7]. It is possible to see that Rw of the tested windows is very

close to common high sound insulation windows one (30–38 dB); windows with

forced convection aerators show worse performances than the ones of windows with
Table 3

Characteristics of the samples with rolling shutter box

Sample no. Window Aerator

Frame type Sandwich glass thickness (mm) Gas Type Fan

1 Aluminum frame 9-15-11 Inert gas Nicotra 108/176 Yes

2 Aluminum frame 12-11-9 Air RENSON AK40V Yes

3 PVC frame 10-16-10 Argon Aeromat Yes

4 PVC frame 10-26-10 Argon RENSON AK40V Yes

Table 2

Rw data and airflow rates of the samples without rolling shutter box, for different test conditions

No. Rw (dB) Fan status Air flow rate (m3/h)

Shutter partially opened

(50%)

Shutter opened (100%)

DP = 5 Pa DP = 10 Pa DP = 0 Pa DP = 5 Pa DP = 10 Pa

1 35 Absent 169 231 / 203 281

2 30 Absent 161 217 / 189 287

3 31 Off 195 272 / 268 343

On / / 272 / /

4 31 Off 195 272 / 268 343

On / / 272 / /

5 32 Absent 55 67 / 60 73

6 34 Off 53 68 / 70 81

On / / 238 / /

7 36 Absent 140 220 / 201 259

8 31 Off 156 220 / 242 336

On / / 251 / /

9 36 Absent 106 140 / 142 170

10 31 Off 195 272 / 268 343

On / / 272 / /

11 33 Absent 169 231 / 203 281

12 28 Off 176 264 / 271 310

On / / 264 / /
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natural convection aerators. Airflow performances are satisfactory: each sample en-

sures a closed window night indoor refreshment, even for a low DP value.

Results encouraged the execution of a second campaign, which was carried out

with reference to samples no. 11 (without fan) and no. 12 (with fan) of Table 1, with

different filters inserted in the aerators:

� filter 1, model P150 Luwa Filters, thickness: 10 mm, weight: 120 g/m2, ponderal

average efficiency: 86%;
Fig. 4. HSIVW with rolling shutter boxes: (a) sample no. 1; (b) sample no. 2; (c) sample no. 3; (d) sample

no. 4.

Table 4

Single number sound reduction index Rw of the samples with rolling shutter boxes

No. Rw (dB) ISO 140-3 method Rw (dB) Intensity method

Shutter opened (100%)

1 33 34

2 36 36

3 38 38

4 33 33
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� filter 2, model P200 CL Luwa Filters, thickness: 20 mm, weight: 200 g/m2, pond-

eral average efficiency: 93%;

� filter 3, black sponge cloth filter, Luwa Filters, thickness: 20 mm, weight: 1800 g/

m2;
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Fig. 5. ISO 140-3 and 717-1 sound insulation index R vs. frequency of the various samples: (a) sample no. 1;

(b) sample no. 2; (c) sample no. 3; (d) sample no. 4.
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� filter 4, model 620 TF, Luwa Filters, thickness: 20 mm, weight: 600 g/m2, average

ponderal efficiency: 98%.

Results showed that there are no significant variations in the acoustic perfor-

mances of the windows, while the reduction of airflow through the aerators due to
the presence of the filters is relevant (up to 50%, depending on the aerator and the

kind of filter); airflow is anyway still high enough to satisfy ventilation requirements

and to contribute to the building summer cooling [12].
5. Sound insulation properties of windows with rolling shutter boxes

The last experimental campaign included four different prototypes of HSIVW,
integrated with an insulated rolling shutter box. Most of the Italian buildings, infact,

have rolling shutters as darkening system, so the testing of such prototypes is impor-

tant for a large-scale application of HSIW. Two prototypes have an aluminium

frame, the others a PVC frame; the main characteristics of the tested samples are re-

ported in Table 3; a view of the samples is reported in Fig. 4.

Sound reduction R measurements were performed according to ISO 140/3 and

ISO DIS 15186-1/98 procedures and single number sound reduction index Rw was

calculated; the results are reported in Table 4 and in Fig. 5. No airflow rate measure-
ments were carried out, since the aerators in the samples were already tested in the

previous campaigns.
Fig. 6. Measurement grid: scheme (a) and sample no. 3 (b).
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All the samples have Rw values bigger or equal to 33 dB; the values are in the same

range of the ones of High Sound Insulation Ventilating Windows without rolling

shutter boxes (33–38 dB), thus the boxes are properly insulated. In particular, sample

no. 3 shows the best acoustic performances, due to an optimized design of the rolling

shutter box.
6. Sound intensity investigation

A HSIVW is composed by four main elements: frame, glass, shutter box and aer-

ator. A sound intensity investigation was carried out on the four samples, in order to

evaluate the total sample acoustic power, the single element acoustic power and sin-

gle element and total sample Rw [16–18]. The instrumentation employed is the Aksud
Fig. 7. Intensity level maps: (a) sample no. 1; (b) sample no. 2; (c) sample no. 3; (d) sample no. 4.
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Symphonie two microphones intensity probe, linked to a data acquisition system

equipped with software for intensity and power calculation. Intensity data were mea-

sured on each central point of a 0.2 m side square grid, built over the sample surface

[11]. The distance between the grid and the sample is 0.2 m. As may be seen in Fig. 6,

the grid was divided into four parts; each one corresponds to a single window ele-
ment. The measured central points number varies between 174 and 220, depending

on the sample; the side square grid was reduced where a more detailed investigation

was necessary. The other points lie aside window area projection. Intensity was eval-

uated versus 1/3 octave frequency bands; thus a 15 mm spacer was used to separate

the probe microphones, in order to minimize the measurement error for 100–

5000 Hz range [11]. The emitting room sound source employed for sound intensity

investigation is a TLOS, supplied with white noise. TLOS was set to produce uni-

form emitting room sound pressure level Lp = 106 dB for sound intensity measure-
ments. Fig. 7 shows the intensity maps for the four samples calculated by means

of Symphonie package software dBFA32; it is possible to see that in all the situations

the aerator area shows the highest values of sound level intensity; however, they are
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of the same entity of the ones found for windows without shutter box. In the maps

some negative values of the intensity level were found, due to boundary effects.

The sound power levels Lw emitted by the HSIVW samples elements were calcu-

lated [18] and, according to the ISO/DIS 15186-1 1998 method, the sound reduction
index R versus frequency was evaluated; HSIVW elements R values are reported in

Fig. 8. For the samples no. 1 and no. 3 the lowest values of R were found for the

shutter box, while for the samples no. 2 and no. 4, the aerator shows the lowest val-

ues of R.

Fig. 9 shows the global window R measured by the intensity method (entire grid

area is considered) compared with R measured by the ISO-140 method; a good

agreement is found for the values of R calculated with the two methodologies for

all the samples. Single number sound reduction index Rw was calculated starting
from the two sets of data and the results are reported in Table 4.
7. Conclusions

A wide experimental investigation on different prototypes of HSIVW, with and

without rolling shutter boxes, was carried out, in order to evaluate the samples sound

insulation index. These windows have been recently proposed for noise insulation in
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those buildings, close to a motorway or a high traffic road, where traditional noise

control solutions such as noise barriers are not effective or too expensive. HSIVW,

in fact, show a good sound insulation and at the meantime they allow airflow

through the window itself, thanks to an aerator, thus guaranteeing indoor ventila-

tion. More than 20 different samples were tested, with different windows, aerators,
filters in the aerator, insulated rolling shutter boxes.

The paper presents in detail the acoustic performances of four different prototypes

of windows, integrated with insulated rolling shutter boxes. The prototypes were

especially designed and realized for the present experimental campaign, sponsored

by the Italian Motorways Society.

Results show that the shutter box and the aerator can be the most transmitting

elements of the window, even if the differences between the various elements of

the samples are not relevant. Rw values, in fact, are about the same for windows with
and without shutter boxes: so this element is very well designed in the samples exam-

ined in the present paper. High values of global Rw were obtained, in the range 33–

38 dB, considering that the windows allow an airflow through the aerator.

R and Rw were evaluated both in compliance with ISO 140-3 and ISO 717-1 and

with ISO/DIS 15186-1; a good agreement between the values obtained with the two

methodologies was found.

A modelling of the systems could not be carried out, because of the limited num-

ber of prototypes and their different configurations. The good acoustic perfor-
mances, however, encourage the investigation of their in situ sound insulation

performances and eventually their industrial production.

HSIVW are in fact a possible solution for urban noise pollution healing. Further-

more, these windows constitute the only possible solution for cases where other noise

protection systems (barriers, buffles, etc.) cannot be installed, due to the vicinity of

the noise source and the receiving point or other territorial constraints.
Acknowledgements

The authors thank Autostrade Spa (Italian Motorways Society), whose support

was essential for the realization of the experimental campaign. The authors are also

indebted with Dr. Giorgio Baldinelli and Dr. Elisa Moretti, who helped during the

execution of the measurements.
References

[1] Lyons R, Gibbs BM. Investigation of an open screen acoustic performances. Appl Acoust

1996;49(3):263–82.

[2] Watts GR, Hothersall DC, Horoshenkov KV. Measured and predicted acoustic performance of

vertically louvered noise barriers. Appl Acoust 2001;62(11):1287–311.

[3] Hartkopf V, Loftness V, Mahdavi A, Lee S, Shankavaram J. An integrated approach to design and

engineering of intelligent buildings – The intelligent Workplace at Carnegie Mellon University.

Automation Constr 1997;6(5):401–15.



F. Asdrubali, C. Buratti / Applied Acoustics 66 (2005) 1088–1101 1101
[4] De Salis MHF, Oldahm DJ, Sharples S. Noise control strategies for naturally ventilated buildings.

Building Environ 2002;37(5):471–84.

[5] Buratti C. Indoor noise reduction index open window. Appl Acoust 2002;63(4):431–51.

[6] Viveiros EB, Gibbs BM. An image model for predicting the field performance of acoustic louvers

from impulse measurements. Appl Acoust 2003;64(7):713–30.

[7] Cotana F. Experimental data and performances of new high sound insulation ventilating windows.

In: Proceedings of internoise 1999; 1999. p. 995–8.

[8] EN ISO 140-3/1997. Measurement of sound insulation in buildings and of building elements –

Laboratory measurements of airborne insulation of building elements.

[9] EN ISO 717-1/ 97. Rating of sound insulation in buildings and of buildings elements – Airborne

sound insulation.

[10] CEN/IC 156/WG6 doc. N.162. Ventilation for buildings: design criteria for the indoor environmental,

April; 1997.

[11] ISO DIS 15186-1/98. Measurement of sound insulation in buildings and of buildings elements using

sound intensity – Laboratory conditions.

[12] Asdrubali F, Cotana F. The influence of filters in high sound insulation ventilating windows. Proc

Internoise 2000:1817–20.

[13] Patricio J, Bragance L. The influence of shutters position on noise insulation of facades. In:

Proceedings of internoise 2000, Nice, France, 27–30 August; 2000.

[14] Patricio J, Bragance L. The contribution of roller shutters to noise insulation of facades. In:

Proceedings of Euronoise naples 2003, paper 228-IP.

[15] EN ISO 140-1/1999. Measurement of sound insulation in buildings and of building elements –

Requirements for laboratory test facilities with suppressed flanking transmission.

[16] C. Maling Jr. Progress in application on sound intensity techniques to noise control engineering. In:

Proceedings of internoise 1986.

[17] Waser MP, Crocker MJ. Introduction to the two-microphone cross-spectral method of determining

sound intensity. Noise Contr Eng J 1984;22(3):76–85.

[18] Fahy FJ. Sound intensity. UK: Elsevier; 1989.


	Sound intensity investigation of the acoustics performances of high insulation ventilating windows integrated with rolling shutter boxes
	Introduction
	High sound insulation ventilating windows
	Experimental facilities
	Sound insulation and airflow measurements on windows without rolling shutter boxes
	Sound insulation properties of windows with rolling shutter boxes
	Sound intensity investigation
	Conclusions
	Acknowledgements
	References


