©
IQ
s
7))
-
@)
(&)
<
D
e
e
Y
o
©
c
p -
-
O
ﬂ
Q
L=
|—

Society of America

ACOUSTICAL SOCIETY
OF AMERICA

JULY 01 2005

Noise screening effects of balconies on a building facade ©
S. K. Tang

’ '.) Check for updates ‘

J. Acoust. Soc. Am. 118, 213-221 (2005)
https://doi.org/10.1121/1.1931887

@ B

View Export
Online  Citation

Articles You May Be Interested In

Insertion losses of balconies on a building fagade and the underlying wave interactions
J. Acoust. Soc. Am. (July 2014)

Traffic noise reduction at balconies on a high-rise building facade

J. Acoust. Soc. Am. (March 2012)
Insertion loss of asymmetrical balconies on a building fagade

J. Acoust. Soc. Am. (September 2019)

LEARN MORE

Advance your science and career as a member of the

€2:96:€0 G20z Atenige 9z


https://pubs.aip.org/asa/jasa/article/118/1/213/539807/Noise-screening-effects-of-balconies-on-a-building
https://pubs.aip.org/asa/jasa/article/118/1/213/539807/Noise-screening-effects-of-balconies-on-a-building?pdfCoverIconEvent=cite
javascript:;
https://crossmark.crossref.org/dialog/?doi=10.1121/1.1931887&domain=pdf&date_stamp=2005-07-01
https://doi.org/10.1121/1.1931887
https://pubs.aip.org/asa/jasa/article/136/1/213/630464/Insertion-losses-of-balconies-on-a-building-facade
https://pubs.aip.org/asa/jasa/article/131/3/2110/993131/Traffic-noise-reduction-at-balconies-on-a-high
https://pubs.aip.org/asa/jasa/article/146/3/1580/993441/Insertion-loss-of-asymmetrical-balconies-on-a
https://e-11492.adzerk.net/r?e=_dXRtX3NvdXJjZT1QREYlMjBEb3dubG9hZHMmdXRtX21lZGl1bT1CYW5uZXIlMjBBZCZ1dG1fY2FtcGFpZ249QVNBX01lbWJlciUyMFNvY2lldHklMjBQcm9tb3Rpb25fSnVuZSUyMDIwMjAmdXRtX2NvbnRlbnQ9aHR0cHMlM0ElMkYlMkZhY291c3RpY2Fsc29jaWV0eS5vcmclMkZhc2EtbWVtYmVyc2hpcCUyRl9KdW5lJTIwMjAyMF9QREYlMjBEb3dubG9hZHMifQ&s=XhcRjeE6akSa2RWi5wWo4E5lWnE

Noise screening effects of balconies on a building facade

S. K. Tang?
Department of Building Services Engineering, The Hong Kong Polytechnic University, Hong Kong, China

(Received 3 May 2004; revised 21 April 2005; accepted 25 April 2005)

The insertion loss and its spectrum due to a rectangular balcony on a building facade in the presence
of sound reflection and scattering from adjacent balconies were examined using a scale model. The
front panel of the balcony dictates the screening performance, while the side walls of the balcony
are found to be insignificant. Balconies without a front panel do not provide acoustic protection in
the presence of upper balcony reflection, especially for a distant noise source. Sound amplifications
are also observed in many cases. In addition, the shapes of the insertion loss spectra are found to
depend on the elevation angle of the balcony. Significant correlations between the A-weighted
balcony insertion losses with this angle are found in the absence of upper balcony reflections. With
such reflection, an angle defined using the balcony configuration and source position correlates

within engineering tolerance to the insertion

America. [DOI: 10.1121/1.1931887]
PACS number(s): 43.50.Gf, 43.50.Rq [DKW]

I. INTRODUCTION

Buildings in a densely populated city like Hong Kong
are very often erected close to ground transportation lines.
Many people have chosen to live in the countryside and the
provision of transportation to these new residential areas is
essential. This eventually leads to even more careful noise
control planning as the background noise levels there are
considerably lower than those in the urban areas.

Architectural features, like balconies and fins, are be-
lieved to be able to control the acoustical energy actually
falling on the noise sensitive parts of a building, which in
most cases are the windows. This topic has attracted the
attention of many researchers in the past few decades. Both
computational studies and scale model measurements have
been carried out (for instance, Hothersall et al.,1 Mohsen and
Oldham,2 and Hossam El-Dien and Woloszyn3). Several dif-
ferent forms of the balconies have been tested as well.”* The
Government of the Hong Kong Special Administration Re-
gion has considered the balcony as a form “Green features”
and encourages building developers and architects to con-
sider adopting such features in their designs by exempting
the areas occupied by balconies from the calculations of
“Gross Floor Area” and “Site Coverage Ratio.” However,
the effectiveness of the balcony on a building facade as a
screening device for ground transportation noise is still sub-
ject to debate. A clarification of its acoustical performance is
therefore essential for future development of building design.

Many studies in the existing literature deal with the
screening effect of a single balcony (for instance, Mohsen
and Oldham,2 Hammad and Gibbs,4 and Cheng et al. 6), but a
standalone balcony can rarely be found in a high-rise city in
reality. The reflection of noise from the upper balcony will
probably deteriorate the original screening effect provided by
the lower balcony. The reflection and scattering of noise by
nearby balconies on the same building facade’ have also
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added to the complexity of the subject. Wave interaction in-
side the balconies in the presence of a top reflection may lead
to the amplification of noise. May8 investigated the effects of
acoustic linings on reducing noise levels inside a high-rise
balcony well above a nearby freeway, but the actual insertion
loss is difficult to estimate as the reference noise data in
May’s study were affected by the other balconies on the
building facade. Besides, the form of the balcony will affect
the noise reflection and scattering. However, the extent of
these effects is unclear.

In the present study, a scale model was set up to study
the acoustic protection offered by balconies inside of a bal-
cony array, which simulated better the real scenario in a
high-rise city. Four different balcony forms, which are com-
monly found in Hong Kong, were considered. It is hoped
that the results can provide useful information on the appli-
cation to balconies and help the future development of noise
control plan.

Il. THE SCALE MODEL AND THE MEASUREMENTS

Similar to the study of Mohsen and Oldhatm,2 a 1:10
scale-down model was used in the present investigation. The
scale model was made of half-inch-thick plywood with var-
nished surfaces, which were acoustically hard enough to
simulate the concrete building facade of negligible sound
absorption. Figure 1(a) illustrates the dimensions and con-
struction of the present scale model. A balcony array of nine
equispaced balconies was adopted. Each element of the
model balconies, such as the side wall and front panel, could
be detached from the balcony assembly if necessary. All the
measurements were carried out inside an anechoic chamber
of workable floor area and height of 4 m X5 m and 3 m,
respectively. The air temperature and relative humidity inside
the chamber were maintained at 22 °C and 50%, respec-
tively. It is believed that the performance of the balconies
will depend on several important angles, which are defined
in Fig. 1(b). They will be discussed further later.

© 2005 Acoustical Society of America 213
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FIG. 1. (a) Dimensions of the scale model and the nomenclature adopted.
(b) Definitions of important angles.

Four different balcony forms commonly found in Hong
Kong were considered in the present study, as shown in Fig.
2, together with photographs of real life examples. The first
one is the “Closed” form, which is similar to that of Mohsen
and Oldham.”? The second one is the “Front-Bottom,” which
represents the case where the balcony is made up of a solid
hard front wall with fences installed between it and the
building facade. The fences are acoustically transparent to
sound propagation. This is also the type of balcony studied
by Hossam El-Dien and Woloszyn.3 The third one is the
“Side-Bottom” configuration, wherein the balcony is made
up of hard side walls with a fence in the front. The last one
is the canopy-like “Bottom,” which represents the case
wherein fences form the three sides of the balcony.

The noise source adopted was a linear loudspeaker array
consisting of a 4 m long wooden rod of triangular cross sec-
tion with 54 identical small loudspeakers mounted on each of
its two exposed surfaces (Fig. 3). Although these small loud-
speakers could not produce much low-frequency noise, their
operation frequency ranges fitted the 1:10 scale model re-
quirement. Noise frequency range considered in the present
measurements was from 1 to 20 kHz, which corresponds
with the range of 100 Hz to 2 kHz for the full scale balco-
nies. The loudspeaker array was set parallel with the model
throughout the experiments. Its normal distance from the

214 J. Acoust. Soc. Am., Vol. 118, No. 1, July 2005

Balcony Form Model Schematics Real-life Example

‘Closed’

‘Front-Bottom’

‘Side-Bottom’

‘Bottom’

FIG. 2. Balcony forms and real life examples.

scale model (d) was varied from 0.5 to 2 m in the present
study. The angles defined in Fig. 1(b) varied accordingly.

Noise spectra were recorded at 25 equally spaced loca-
tions behind the middle column balconies with and without
the balconies by a Briiel & Kjeer Type 4935 0.25 in. micro-
phone mounted flush with the plywood panel surface (dark
points on the middle balcony column in Fig. 3) and the
NORSONIC RTAR840 real time frequency analyzer. The fre-
quency resolution in the spectrum sampling was 62.5 Hz.
The power supplied to the noise source was chosen so that
the noise spectra over the frequency range considered were
all higher than the background by at least 10 dB. In the fore-
going discussions, the frequencies are scaled down already,
such that the frequency resolution of the spectra presented
later is ~6 Hz.

lll. NOISE SOURCE CHARACTERISTICS

Figure 4 illustrates the noise spectrum measured at d
=1 m with a height of 0.6 m. It is normalized by the 1/3
octave band level at 1 kHz. Its shape falls within the spectral
boundaries of vehicle noises shown in Berglund et al.’ The

S. K. Tang: Noise screening of balconies
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FIG. 3. The scale model and noise source (Side-Bottom model balconies are
shown).

higher band levels within the 500 and 630 Hz bands are also
not worse than those of the loudspeaker array employed by
Hammad and Gibbs.*'° However, it deviates from the typical
tire noise spectrum11 and the standard traffic noise
spectlrum.12 The latter appears to agree well with that of
freely flowing traffic noise in Hong Kong obtained from a
separated study of the author (not presented here). Therefore,
a special weighting relative to the standard traffic noise spec-
trum has to be applied to the present measurement so that a
more relevant A-weighted insertion loss can be calculated as
in Mohsen and Oldham.” The variation of the spectra along
the length of the model is less than 2 dB, which is reasonable
as compared with that of Hammad and Gibbs."”

Some directivity patterns of the sound source at radii of
I and 2 m are given in Fig. 5. In general, the deviations of
the noise levels from the mean values are less than 1.5 dB
and those for the 1/3 octave bands below 500 Hz and the
A-weighted levels are even around or below 1 dB. The ra-
diations at an angle less than 6° are less uniform, but these
have insignificant influence to the results presented later as
only around 6% of the measurements at d=2 m were done at

30 v v ———
25 - 1

20} e |
15 | B o b =~

Normalized Noise Level (dB)

100 1000
One-third Octave Band Center Frequency (Hz)

FIG. 4. Noise spectrum of the source. O: ISO717;12 A: Delany et al. (Ref.
4); O: present data; — ——: boundaries of Berglund et al. (Ref. 9); —: mid-
point between boundaries of Berglund et al. (Ref. 9).
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FIG. 5. Directivity patterns of the noise source in different 1/3 octave
bands. O: 250 Hz; [J: 500 Hz; A: 1 kHz. Closed symbol: at radius 1 m;
open symbol: at radius 2 m.

these angles. Real traffic noise is neither a two-dimensional
nor a point source. The A-weighted and 1/3 octave band
noise levels generated by the present loudspeaker array drop
3 to 4 dB when the radius is increased from 1 to 2 m. The
noise level thus falls off with distance to the power ~1 to
1.33. This appears acceptable.

It is found in a preliminary experiment using the Closed
form balcony that the introduction of an upper balcony to the
middle balcony in the absence of the two side balcony col-
umns results in an A-weighted noise level increase of ~6 dB
at d=0.5 m. This increase drops to ~4 dB at d=1 m. The
introduction of the side balcony column gives rise to a very
slight decrease in the insertion loss of the middle and bottom
balconies (~0.2 dB). However, such a decrease is around
1 to 2 dB behind the top balconies. This effect of the side
balcony columns is expected to be more serious when the
“Bottom” form balconies are installed because of the edge
scattering.

IV. RESULTS AND DISCUSSIONS

There were five rows of equally spaced measurement
points behind each middle column balcony, with two of them
above, two below, and one leveled with the edge of the front
panel of the Closed balcony form (Fig. 3). A-weighted sound
pressure levels are adopted here to describe the general
screening effects of the balconies as in many references; for
instance, Mohsen and Oldham’ and Hammad and Gibbs.*
Insertion loss (IL) is defined as the drop in sound pressure
level after the installation of the balconies. A negative IL thus
means sound amplification. Since the maximum path differ-
ence due to the balcony in the present study is less than
10 cm, the air absorption will result in a noise attenuation of
at the most 0.05 dB at 20 kHz (~0.5 dB/m and even less at
lower frequenciesl3). This is comparable to noise measure-
ment uncertainty and thus correction for air absorption to IL
is not necessary here.

Various angles defined in Fig. 1(b) are expected to be
important to the ILs of the balconies and their correlations

S. K. Tang: Noise screening of balconies 215
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TABLE I. Various angles of the balconies.

d (m) Position 6 (rad) ¢ (rad) ¥" (rad)
Top 0.9978
0.5 Middle 0.8098 0.2670 0.1236 (C,FB)
0.0155 (B.SB)
Bottom 0.5028 0.3491 0.1515 (C,FB)
-0.0637 (B,SB)
Top 0.6594
1.0 Middle 0.4835 0.1695 0.0747 (C,FB)
-0.0171 (B,SB)
Bottom 0.2684 0.1714 0.0778 (C,FB)
-0.0335 (B.SB)
Top 0.4768
1.5 Middle 0.3367 0.1121 0.0543 (C,FB)
-0.0124 (B.SB)
Bottom 0.1813 0.1068 0.0560 (C,FB)
~0.0164 (B,SB)
Top 0.3697
2.0 Middle 0.2567 0.0812 0.0429 (C,FB)
~0.0080 (B,SB)
Bottom 0.1367 0.0763 0.0440 (C,FB)

-0.0094 (B,SB)

C: Closed; FB: Front-Bottom; B: Bottom; SB: Side-Bottom.

with the ILs will be discussed in detail in the following sub-
sections. Table I illustrates the values of these angles for
different balcony and noise source positions.

A. A-weighted attenuation

Figures 6(a)—6(1) illustrate the average IL at the five dif-
ferent height levels behind the balconies at various perpen-

Height from Balcony Floor (cm) Height from Balcony Floor (cm)

Height from Balcony Floor (cm)

N
o

20

dicular distances of the loudspeaker array from the model.
For the top balcony [Figs. 6(a)-6(d)], there is no reflection
from its top.

For d=0.5 m, the Bottom balcony form provides the
weakest protection, which is very much expected. The
Closed form gives the best acoustic protection at heights at
or above the edge level of the balcony front panel, but the
extent of the attenuation is reduced at lower height levels
within the balcony. A similar phenomenon is observed for the
Front-Bottom balcony form. This will be discussed further.
The Side-Bottom form offers the best attenuation at lower
height levels inside the balconies. This is reasonable as the
multiple noise reflections inside the balconies is significantly
weakened in the absence of the front panel.

The effects of the side walls can be found by a compari-
son between the performance of the Bottom and Side-
Bottom balconies and between that of the Closed and Front-
Bottom ones. The side walls usually result in maximum 1 dB
higher noise attenuation at or above the edge level of the
front panel (which is also that of the side wall). Below this
edge level, they have negligible effects in the presence of the
front panel, but have substantial contributions once the front
panel is taken off. The overall 4 to 8 dB noise attenuation
appears consistent with the results of Hammad and Gibbs.*

The effects of top reflection become important when the
middle balconies are concerned [Figs. 6(e)-6(h)]. The strong
reflection at short distance from the noise source result in
amplification of sound at nearly all height levels inside the
balconies. While such amplification is not dependent on the
balcony form at levels close to the top reflecting surface, less
amplification is observed inside the Closed and Front-

(@) (b) (©) (d)
Tz ¢+ w2 o0 2 4 s 8 w2 o 2 4 s & 1wz o 2z 4 6 8 10

(e) U] (@ (h)
4 2 0 2 6 4 2 0 2 4 646 4 2 0 2 4 64 =+ =2 o 2z 4 s

@ 1) K 0]
4 2 0 2 6 4 2 0 2 4 s 4 2 0 2 4 66 4 2 0 o 4 s

Insertion Loss {(dBA)

Insertion Loss (dBA)

Insertion Loss (dBA} Insertion Loss (dBA)

FIG. 6. Vertical variations of A-weighted noise level insertion loss within balconies. Top balcony: (a) Bottom; (b) Side-Bottom; (c) Closed; (d) Front-Bottom.
Middle balcony: (e) Bottom; (f) Side-Bottom; (g) Closed; (h) Front-Bottom. Bottom balcony: (i) Bottom; (j) Side-Bottom; (k) Closed; (1) Front-Bottom. O:
d=05m; 0: d=1m; A: d=1.5m; V: d=2 m.
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Bottom balconies at other height levels, especially those
close to the balcony floor. Largely similar observations can
be made inside the bottom balcony. It is noted that the mag-
nitudes of the noise amplification in the presence of upper
balcony reflection obtained in the present study with noise
source close to the model are less than the equivalent sound
pressure level differences measured by May8 without acous-
tic linings. Using the noise level outside the balcony as a
reference, as in May,8 may not reflect the true insertion loss.

The increase in the distance of the noise source from the
balconies from 0.5 to 1 m results in an overall reduction in
sound attenuation inside the top balcony. Although the
screening patterns of the four different balcony forms basi-
cally follow those for d=0.5 m, their differences have been
reduced in general. Significant changes in these patterns are
observed within the middle balconies. Stronger sound attenu-
ation than in the previous case of d=0.5 m is observed for all
balcony forms, but the reverberation due to the front panels
in the Closed and Front-Bottom balconies does not allow
higher sound attenuation near to the balcony floor. The situ-
ation within the bottom balcony appears to be a combination
of those observed within the two upper balconies and the
vertical IL distribution becomes irregular. The serious top
reflection in the bottom balcony still results in strong sound
amplification near to the ceilings of the balconies. The in-
crease in the suspended angle of the balcony ceiling from the
noise source [~ DSE in Fig. 1(b)] does not improve the IL
close to the balcony floors.

There is a continuous reduction of the IL across the
highest measurement row in the top balconies as d increases
for the Bottom and Side-Bottom balconies, while those re-
lated to the other two forms become negligible as d increases
further from 1.5 to 2 m. The screening patterns within the
middle balconies are similar to those within the bottom bal-
conies at small d. It can also be observed that there is an
overall small increase in the IL within the bottom balcony as
d increases from 1.5 to 2 m. The screening patterns are
smoother at increased d and these are expected to observe
within the middle balcony when d is further increased. At
these distances, the side walls of the balconies do not have
significant effects on the IL. However, the top reflections
within the middle and bottom balconies still result in sound
amplification. The approximately 3 dB amplification at d
=2 m appears to be reasonable as the upper balcony reflects
the diffracted and scattered sound at the edges of the front
panel or the bottom panel onto the wooden panel behind the
balcony. The wave front of the noise is more or less planar
when it arrives at the model balcony, which is not the case at
small d.

One can notice that the screening effects provided by the
Bottom and Side-Bottom balconies at the bottom of the scale
model are not good. The patterns at d=2 m, which eventu-
ally will be those within the middle balconies at larger d,
suggest slight noise amplification. The bottom panels/floors
of these balconies cannot offer acoustic protection for distant
noise sources.

Figure 7 illustrates the variation of the overall
A-weighted sound pressure level reduction behind the
middle column top balconies with the elevation angle 6.

J. Acoust. Soc. Am., Vol. 118, No. 1, July 2005

A-weigthed Insertion Loss (dB)
N

0 ) L L ) ) ) )
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Elevation Angle @ (rad)

FIG. 7. Effects of elevation angle on overall A-weighted noise level inser-
tion loss of top balconies. O: Bottom; [J: Side-Bottom; A: Closed; V:
Front-Bottom. Regression lines:—: Bottom; ——: Side-Bottom; ——: Closed;
—-—: Front-Bottom.

These overall ILs are calculated from the average of the 25
measured noise spectra behind each balcony. The high sound
attenuation behind the top balconies at larger 6 is not surpris-
ing. The Bottom and Closed form balconies offer the weak-
est and strongest acoustic protection, respectively. As d in-
creases, the sound path differences due to the configurations
of the balconies become less, reducing the ILs as in the case
of noise barrier."* At large d and thus small 6, these path
differences will become small, and the trends shown in Fig. 7
indicate some degrees of convergence of the IL. The IL
drops to about 0.5 dB for the Bottom and Side-Bottom bal-
conies and ~3 dB for the other two balcony forms. This
tends to suggest that the front panel of the balcony accounts
for a 2.5 dB sound reduction at large d. Theoretically when
6— 0, the Bottom and Side-Bottom balconies will not offer
any acoustic protection, while the front panels of the other
two balcony forms will approximately stop 40% of the noise
propagation (excludes the diffraction at the panel edge) as
the height of the panel is 40% of the distance between two
balconies in a column. The latter will result in an IL of
2.2 dB. This is independent of d. One can observe that the
ILs shown in Fig. 7 follow quadratic variations with 6. The
associated empirical formulae, the correlation coefficients,
and the standard errors are given in Table II. Significant cor-
relations are observed.

Overall A-weighted noise amplifications are observed in
the middle and bottom balconies of all forms, but they do not
scale on 6 because of the reflections from the upper balco-
nies. Figure 8 illustrates the variations of these ILs with the

TABLE II. Variations of top balcony insertion loss with elevation angle 6
given in radians.

Balcony Empirical formula R? Standard error (dBA)
Closed IL=2.63°+2.296+2.2 0.99 0.2
Front-Bottom  IL=2.076*+1.900+22  0.99 0.1
Side-Bottom IL=7.186*-1.100 0.99 0.2
Bottom IL=4.936*-0.076 0.97 0.3

S. K. Tang: Noise screening of balconies 217
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FIG. 8. Dependence of A-weighted noise level insertion loss on angle differences. (a) Bottom, ¢; (b) Side-Bottom, ¢; (c) Closed, v; (d) Front-Bottom, y. —:

regression lines.

angles defined in Fig. 1(b). The corresponding empirical for-
mulae, the correlation coefficients and the standard errors are
given in Table III. It is found that the ILs of the Bottom and
Side-Bottom form balconies do not correlate with vy, and the
corresponding results are not presented. Those of the Closed
and Front-Bottom balconies scale slightly better with 7.
Their corresponding IL variations are curved downwards
[Figs. 8(c) and 8(d)], suggesting slower IL variation at larger
angle differences. Those for the Bottom and Side-Bottom
ones varying with ¢ are opposite. Since all the ILs correlate
with ¢ reasonably well, this angle appears to be more useful
for design purposes.

One can also notice from Fig. 8 that the amplifications
are slightly more serious for the Bottom and Side-Bottom

TABLE III. Variations of balcony insertion loss with ¢ and y given in
radians.

Balcony Empirical formula R?>  Standard error (dBA)

Closed IL=9.57¢*-13.92¢-1.21 0.78 0.5
[L=94.41/2—42.73y+1.87 0.81 0.4

Front-Bottom  IL=-1.13¢*-9.20+0.56  0.74 0.5
IL=28.06y2-25.51y—1.09 0.77 0.5

Side-Bottom IL=-6.10¢>-2.09¢—0.57 0.77 0.2

Bottom IL=-10.39¢*-1.65¢-0.62 091 0.2

218  J. Acoust. Soc. Am., Vol. 118, No.
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balconies. The consistently higher amplification inside the
Front-Bottom balcony than in the Closed balcony manifests
that the side walls offer more diffraction loss than enhancing
the reverberation.

B. Spectral analysis

This section will be focused on the frequency character-
istics of the insertion loss. The frequencies presented in the
foregoing discussions are scaled back to the real size of the
balcony. One should note that the IL spectra are not affected
by the spectral shapes of the noises.

Figures 9(a)-9(c) show the variations of ILs with fre-
quency behind the top, middle, and bottom balconies, respec-
tively, at d=0.5 m. Broadband attenuation of sound is ob-
served behind the top balconies, resulting in high ILs [Fig.
9(a)]. The spectral performance of the middle and bottom
balconies does not depend much on the forms of the balco-
nies, implying further that the floors of the balconies play a
determining role in the IL where the source is close to the
balconies. The spectral amplification patterns within the
middle and bottom balconies are also alike, with relatively
more significant attenuations or less sound amplifications at
around 680, 1000, 1250, and 2200 Hz. The amplifications at
frequency below 400 Hz are believed to be due to the stand-
ing waves in the vertical direction inside the balconies.

S. K. Tang: Noise screening of balconies
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FIG. 9. Spectral characteristics of the noise screening at d=0.5 m. (a) Top
balcony; (b) middle balcony; (c) bottom balcony. —: Bottom; ——: Side-
Bottom; ——: Closed; —-—: Front-Bottom.

The increase in the distance of the noise source from the
model to 1 m results in a nearly broadband drop of sound
attenuation within the top balconies [Fig. 10(a)], but such
drops at frequencies higher than 400 Hz within the balconies
with a front panel are much more rapid. Within the middle
balconies [Fig. 10(b)], the spectral performances of different
balcony forms are similar, except that there are relatively
higher attenuations at the frequencies round 1800 and
2200 Hz for balconies with a front panel (Closed and Front-
Bottom). The overall A-weighted broadband attenuation in-
side these middle balconies is negative (Fig. 8), suggesting
that the amplifications at frequencies below 1500 Hz domi-
nate the overall screening property. One can observe that the
spectral shapes of the ILs shown in Figs. 9(c) and 10(b) are
similar, suggesting that 6 plays a role in affecting the balcony
screening, apart from the balcony form. The spectral perfor-
mance of the bottom balconies does not depend much on the
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FIG. 10. Spectral characteristics of the noise screening at d=1 m. (a) Top
balcony; (b) middle balcony; (c) bottom balcony. Legends: same as those in
Fig. 9.

balcony form, except that a slightly higher noise attenuation
at frequencies about 1000 Hz is achieved in the presence of a
front wall panel [Fig. 10(c)].

As the source distance increases, a further drop of the IL
within the top balconies at high frequency is expected [Fig.
11(a)]. The IL associated with a balcony without a front
panel is around 1 dB across the whole frequency range of the
present study. The two sharp amplification peaks at around
50 and 140 Hz associated with the Closed and Front-Bottom
balconies, respectively, are believed to result from the acous-
tic modes within the balconies. The former is closed to the
(1,0) mode and the other the (1,1) or (2,1) modes. One can
observe these peaks in Figs. 9 and 10, but they are very
prominent in Fig. 11. Such peaks are also found in the results
with d=1.5 m (not shown here).

The spectral shapes of the IL within the middle balco-
nies at the source distance of 2 m, shown in Fig. 11(b), are
similar to those illustrated in Fig. 10(c). This further con-
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FIG. 11. Spectral characteristics of the noise screening at d=2 m. (a) Top
balcony; (b) middle balcony; (c) bottom balcony. Legends: same as those in
Fig. 9.

firms the importance of @ discussed previously. A broader
frequency band of noise attenuation is observed in Fig. 11(b)
compared to that in Fig. 10(c). Among the bottom balconies,
relatively more significant attenuation can only be found at
higher frequency within the Closed and the Front-Bottom
balconies. Figure 11(c) indicates clearly that the balconies
without a front panel will not offer any acoustic protection
over the whole frequency range of concern when the noise
source is far away from them. The reflection from the upper
balcony makes thing worse, especially in the low-frequency
range.

There have been consistent IL peaks at certain frequen-
cies in Figs. 9-11 for the cases in which reflections from
upper balconies are expected. For instance, the broadband IL
peaks at around 650 Hz in Figs. 9(c) and 10(b), those at
around 1000 Hz in Figs. 10(c) and 11(b), and the narrower
band IL peak at around 2200 Hz in Figs. 10(b) and 11(b).
The latter can also be observed in Fig. 9(c), although the
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corresponding magnitude is weak. The reasons for these ob-
servations are still not clear and these frequencies may
change with the balcony dimensions. While the sharp IL
peaks or troughs at frequencies below 200 Hz as discussed
before can be ascribed to the effects of acoustic modes
within the balconies, those above 400 Hz are difficult to ex-
plain in similar terms as the modal overlapping becomes
very serious in this frequency range. Above 400 Hz, each
data point may include contributions from one or more
eigenfrequencies of the balcony, making the experimental
isolation of modes difficult."” A numerical investigation with
a large number of node points on the balcony surfaces and in
the balcony voids is required for such mode isolations.

V. CONCLUSIONS

A scale model study on the acoustic protection offered
by balconies on a building facade was carried out with re-
flections and scattering from adjacent balconies taken into
account. Four different forms of rectangular balcony, which
are commonly found in Hong Kong and many other cities
around the world, were included. Effects of the distance be-
tween noise source and the balconies and some special
angles defined using the balcony configurations and the noise
source positions on the insertion loss were also discussed.
The noise source was kept parallel to the balcony models
throughout the experiment.

It is found that when the source is close to the balconies,
the reflections from the upper balconies and the screening
effects of the balcony floors have the major contributions to
the insertion loss. However, the front panel gradually be-
comes the determinant member of the balcony in affecting
the A-weighted insertion loss and the spectral characteristics
of the screening as the distance between the source and the
balconies increases. At large source distances, the balcony
without a front panel does not offer any noise screening,
while the one with a front panel still manages to provide
limited noise attenuation at high frequency. There is signifi-
cant noise amplification due to reflection from upper balcony
at low frequency at such source distances. Sound amplifica-
tion is observed near the upper balcony floor for all balcony
forms.

The elevation angle of the balcony correlates very well
with the A-weighted insertion loss produced by the balcony
in the absence of top reflections. There is also evidence that
the elevation angle influences the spectral shapes of the in-
sertion loss (not the exact values). However, in the presence
of top reflections, an angle defined using the midheight of the
balcony and the bottom corner of the associated upper bal-
cony appears to have good correlations with the A-weighted
insertion loss, at least to engineering tolerance.

Spectral peaks of amplification and attenuation are
found on the frequency variation of insertion loss. Those at
low frequencies are related to the acoustic modes within the
balconies, but those at high frequencies remain difficult to
explain precisely through experiments because of modal
overlapping. Numerical study with large number of node
points is suggested as a follow-up of the present investiga-
tion.
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