N

N

Acoustical Effect Evaluation of Balconies’ Ceiling Form
in Protecting Buildings Facades Against Traffic Noise.
H Hossam Eldien, Philippe Woloszyn

» To cite this version:

H Hossam Eldien, Philippe Woloszyn. Acoustical Effect Evaluation of Balconies’ Ceiling Form in
Protecting Buildings Facades Against Traffic Noise.. Building for the Future: The 16th CIB World
Building Congress 2004, May 2004, Toronto, Canada. 10.13140/2.1.4715.2161 . hal-01555296

HAL Id: hal-01555296
https://hal.science/hal-01555296
Submitted on 3 Jul 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01555296
https://hal.archives-ouvertes.fr

ResearchGate

See discussions, stats, and author profiles for this publication at:

Acoustical Effect Evaluation of Balconies’
Ceiling Form in Protecting Buildings Facades
Against Traffic Noise.

Conference Paper - May 2004

DOI: 10.13140/2.1.4715.2161

CITATIONS READS
2 120
2 authors:
‘@D University of Dammam 9 French National Centre for Scientific Research
35 PUBLICATIONS 105 CITATIONS 100 PUBLICATIONS 209 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

ot HAUP HyperAmbiotopes Urbains Participatifs

poject  Systems for Sound waves fire extinguishers

All content following this page was uploaded by on 16 March 2015.

The user has requested enhancement of the downloaded file. All in-text references are added to the original document
and are linked to publications on ResearchGate, letting you access and read them immediately.


https://www.researchgate.net/publication/273631285_Acoustical_Effect_Evaluation_of_Balconies%27_Ceiling_Form_in_Protecting_Buildings_Facades_Against_Traffic_Noise?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/273631285_Acoustical_Effect_Evaluation_of_Balconies%27_Ceiling_Form_in_Protecting_Buildings_Facades_Against_Traffic_Noise?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/HAUP-HyperAmbiotopes-Urbains-Participatifs?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Systems-for-Sound-waves-fire-extinguishers?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/H_Hossam_Eldien?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/H_Hossam_Eldien?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Dammam?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/H_Hossam_Eldien?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Philippe_Woloszyn?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Philippe_Woloszyn?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/French_National_Centre_for_Scientific_Research?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Philippe_Woloszyn?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/H_Hossam_Eldien?enrichId=rgreq-ae0b9bb228b17908ae5b55843b5e5f78-XXX&enrichSource=Y292ZXJQYWdlOzI3MzYzMTI4NTtBUzoyMDc2NjA4MzkzNzg5NDVAMTQyNjUyMTYxMDI5NQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Acoustical effect evaluation of balconies’ ceiling form
in protecting buildings facades against traffic noise.
(IAQ T5S4)

H. Hossam EIl Dien and P. Woloszyn*

Abstract

This study presents the evaluation of acoustic performance off tall building facades closed to
roadway due to one of its balconies configurations, namely ceiling, with an inclined form in
terms of traffic noise reduction. Three inclined angles are tested (5°,10°, and 15°) with different
balcony depths ( 2m, and 3m) by using the Pyramid Tracing model (DISIAPYR) developed by
A. Farina and scale model measurements. The results in terms of A-weighted sound pressure
level reduction are expressed into the balcony back wall and in free field. The protection level,
defined as the difference in noise levels before and after inserting the proposed ceiling form,
has been used to assess the reduction offered by that configuration. A maximum reduction due
to using these forms is obtained at higher floors.

1. Introduction

A balcony is an extension of an internal floor with access by means of windows or doors to an
external environment. It provides view and weather protection and is a familiar element in
buildings. Particularly, it can provide an acoustical protection by means of its elements forms.

Most of the previous studies investigated sound levels on balconies by using experimental
models as the work of Mohsen, and Oldham (Mohsen and Oldham 1977), numerical models of
Hothersall (Hothersall 1996), and Li (Li et al. 2003), and the field measurements analyzed by
May (May 1979), Gilbert (Gilbert 1969); and Li (Li et al. 2003). These studies carried out a
study of traffic noise reduction in the context of treatment to the sound source, in the path
between the sound source and the receiver, and at the reception point.

An alternative approach concerning the self-protecting buildings was discussed by Mohsen and
Oldham by means of changing balcony depth (Mohsen and Oldham 1977). Another
architectural concept was presented by Hossam El-dien and Woloszyn (Hossam El-dien 2003;
Hossam El-dien and Woloszyn 2003; Hossam El-dien and Woloszyn 2004 ), by using an
inclined parapet to increase the shielding effect to protect the balcony back wall from the traffic
noise nuisance in a free field.

In the present study, we aim to predict the effect of one of the balcony configurations, namely
ceiling, on the traffic noise reduction into building facades.

Inclined ceilings with different angles are tested by 3D numerical model of Pyramid tracing
(DISIPYR) developed by Farina (Farina and Brero 1996), and in free field conditions. The

* H. Hossam EI Dien is an assistant lecture, Suez Canal University, Egypt. Ph.D. student, CERMA Lab., Ecole d’ Architecture de
Nantes, Nantes, France, E-mail address: hany.hossam@cerma.archi.fr.; P. Woloszyn is C.R. CNRS, CERMA Lab., Ecole
d’Architecture de Nantes, Nantes, France, E-mail address: philippe.woloszyn@cerma.archi.fr.
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results will be expressed in terms of sound pressure level reduction, in A-weighted scale, into
the balcony back wall and for a high rise building.

2. Geometric parameters

Acoustic simulation programs (CITYMAP&DISIAPYR) are used to model the outdoor sound
propagation environment within the balcony configurations and in three dimensions. This
algorithm allows the simulation of outdoor sound propagation with a complex urban form and
the evaluation of sound passing through sound insulating panels, taking into account the edge
diffraction over the boundaries and the scattering of sound from the edges of finite surfaces,
and the surface diffusion coefficient (Farina and Brero 1996).

As shown in Fig. 1, the simulation has been carried out with the following variables:

1. The horizontal projection depth (W = 2, and 3 meters).
2. The balcony’s ceiling inclined angle (@ = 5°, 10°, and 15°).

And we have fixed the following parameters:

1. Sound source (infinite line source).
2. Distance to road (8.00 m).

3. Front wall height (1.00m).

4. Balcony’s length (5.00m).

5.  Number of floors (8 floors).

Infinite
line source

Fig. 1. Geometric parameters.

3. Prediction Methodology

In three dimensions, the model is equivalent to an infinite coherent line source parallel to the
building facade. All the surfaces in the model are initially defined as specular surfaces (concrete
with absorption coefficient 0.07 at 1K.Hz). The acoustic performance of the balcony ceiling with
an inclined shape has been assessed by means of a numerical simulation. Three inclined
angles have been tested (5°, 10°, and 15°).



The basic concept of inclining the balcony ceiling is to decrease the power of reflection and
diffuse energy components by changing the direction of reflected rays away from the openings
located at the balcony back wall as shown in Fig. 2. In the case of the inclined ceiling, we can
notice that the protected surface over the balcony back wall increases by comparison of the
protected surface gained from the classical form as a consequence of ceiling reflected area.

Firstly, the sound pressure reference level (SPL,), was calculated over the balcony back wall
with an inclined angle @ equals to 0°.

The protection level is defined as the difference in noise level at an assessment point with and
without changing ceiling inclined angle, and is calculated according to the following equation:

L, = SPLyer- SPLy  dB(A)

Where SPL, is the reference level and SPLg is the sound pressure level calculated for a given
ceiling angle at the same point.

Image of the surface Image of the Surface
(R") (R)

Reception surface

®)—

Ceiling Reflected Surface Reception Surface

(R)

Ceiling Reflected Surface

Fig. 2. Schematic representation of the reception surface and its image before and after changing balcony
ceiling form

4. Experimental system

4.1. Scale model

A 1:10 scale model of building fagade with 2.50m height and 1.60m length (Fig. 3) was carried
out. Building fagade was simulated by varnished wood (absorption coefficient 0.06 at 1K.Hz). in
order to satisfy the laws of acoustic similarity for the sound absorption by the building fagade.

Fig. 3. Scale model dimensions.



4.2. Acquisition system

The experimental results were obtained using a measurement exploiting maximum-length
sequence stimulus (MLS). The A-weighted sound pressure levels are measured with a 1\2 inch
free field microphone (G.R.A.S — type 40 AE) connected to a MLSSA card via a preamplifier
(01dB - PRE12S). The reception points and the microphone position are presented in Fig. 4.

Gabarit en bois

I I

Reception Points ——

Fig. 4. Reception points (6 reception points at the centre of the facade) and microphone position.
4.3. Sound source

Line source was carried out with 8 tweeters AUDAX (TW 034X0), filtered for obtaining a
frequency response from 1.6 KHz to 25 KHz. As shown in Fig. 5, the tweeters were headed
towards a quadratic residue diffuser in order to obtain a quasi quarter-cylindrical propagation
form in front of the building facade. By this diffusing system, the line source directivity is made
quasi-uniform in the aperture angle which we interest. The sequence of the quadratic residue
diffuser is calculated following the Schréder’'s modulo formula (Schroder.1979).

f

Tweeters

Reception Points

Fig. 5. Line source with a quadratic residue diffuser.

5. Simulation results

5.1. Balcony with 2m depth

The acoustic performance of inclined ceilings for a closed balcony with 2m depth was tested.
Fig. 6 shows the average of sound level reduction obtained by three angles for that
configuration. The average reduction obtained at the lower levels is negligible, while it increases



at the higher floors. The reduction is negative from the 1* to 5™ floor while it increases at the 6"

and 7" floors. Generally, the angle equal to 15° has a greater effect at higher levels and allows
a protection level from 0.5 to 3 dB (A).

5 4

Average of reduction in SPL - dB(A)

O.E:Il' = JERERAN = EnEm

2nd 3rd 4th 5th 6th 7th 8th

Floor level
[ mg=57s BQ=5EX 0@ =10$S 0@ = 10° EX Bg=15S 0@=157EX |

Fig. 6. Average of protection offered by inclined ceilings of a balcony with 2m depth, experimental results
(EX) and simulation results (S).

In Fig. 7, we display the results for measurements and predictions of the balcony protection
level for a balcony with 2 m depth. We show the comparison results of the balcony with inclined
ceiling angle equal to 15°. As demonstrated in the following figure, balconies with that
configuration can give better protection on higher floors (Fig. 7 - a) at all the assessment points
than those of lower floors (Fig. 7 - c). This reasonable because the path difference of a
diffracted ray (diffracted at the parapet or floor of a balcony) and a direct ray increases with the
relative height of a balcony to a road. While we notice at the 4" floor (Fig. 7 — b) the higher
points provide more protection level that the lower points. This reasonable because of the
negative effect of the inclined ceiling form at lower points as explained in Fig. 2, where the
ceiling surface rereflect the rays towards those lower points. So the windows may be the best

architectural solution in that case where its surfaces will be protected by that inclined
configuration.
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Fig. 7. Protection values provided at the centre of the balcony back wall with 2m depth, numerical
simulation (dashed), and empirical equation (lines) at (a) 2nd floor, (b) 4th floor, and (c) 6th floor for an
angle @ equal to 15°.

5.2. Balcony with 3m depth

By using the same method, we found that the acoustic performance of inclined ceilings for a
closed balcony with 3 m depth provides more reduction at lower levels than that obtained from
the previous configurations and also for higher levels. The average reduction obtained at the
lower floors is more effective than the previous depth, and also for the higher floors. Reduction
values are ne%ative at the 2™ floor and begin to increase from the 3" floor to reach its maximum
value at the 6" floor (Fig. 8). In general, the average protection gained from that configuration is
from 0.5 to 4 dB (A).
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Fig. 8. Average of protection offered by inclined ceilings of a balcony with 3m depth, experimental results
(EX) and simulation results (S).

As shown in Fig. 8, the inclined ceiling with 5° angle is less effective at lower levels, while its
maximum effect appears at the higher levels. Furthermore, the effects of 10° and 15° angles are
greater at higher levels. Generally, the maximum protection level can be obtained by an inclined
ceiling with 5°. As the balcony with 2m depth, balconies with that configuration can give better
protection on higher floors (Fig. 9 - a) at all the assessment points than those of lower floors
(Fig. 9 - c). This reasonable because the effect of direct and reflected rays. While we notice at
the 4th floor (Fig.7— b) the higher points provide more protection level that the lower points for
the same reason we explained before. So the windows may be the best architectural solution in
that case where its surfaces will be protected by that inclined configuration.
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Fig.9. Protection values provided at the centre of the balcony back wall with 3m depth, numerical
simulation (dashed), and empirical equation (lines) at (a) 2nd floor, (b) 4th floor, and (c) 6th floor for an
angle @ equal to 10°.



6. Conclusion

In this paper the Pyramid Tracing model and experimental measurements were used to predict
the performance of a balcony ceiling with inclined form. The average noise reduction provided
by that configuration with reflective surface was about 0.5 — 4 dB (A). This investigation showed
that the inclined ceiling form can dominate the sound reflected from its bottom surface.
Moreover, it can change the reflected ray direction away from a balcony back wall.

Reduction obtained increases with the increase of floor level and balcony depth. On the other
hand, it decreases with the increase of the ceiling inclined angle at higher floors while it
increases with the increase of the ceiling inclined angles at lower floors.

Generally, the predicted results showed that a balcony ceiling form can be employed to protect
weak points on the facades, for high rise buildings, against traffic noise propagation.

In addition, the results of this investigation will hopefully provide practical information to the
architect who wishes to design facades which can be described as self protected with respect to
the external acoustic environment. It will be seen that a slight modification of existing building
envelope design can provide additional sound protection without compromising other
environmental requirements.

Furthermore, the numerical and experimental results provide a validation of the geometrical
empirical equations which we obtained (Hossam El-dien and Woloszyn 2004).
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