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The purpose of this study is to recognize usual facade sound insulation problems that affect a construction’s acous-
tical quality by measuring the facade’s sound insulation. Thirteen different situations were evaluated through in
situ measurements in Curitiba, Brazil. By measuring buildings in different locations with constructive materials
and different designs, this research found that the performance of the majority of evaluated facades did not reach
the minimum proposed by both Brazilian and Portuguese standards. These results indicate that the sound insula-
tion quality in Brazilian buildings is low and is mainly due to constructive imperfections and the use of materials

with unfavorable acoustical properties.

1. INTRODUCTION

Recent studies have found that, like other Brazilian
metropolises, Curitiba is acoustically polluted.'”'The solution
to this environmental problem involves control by means of
technical, political, and educational actions. One of the main
tools available to ensure adequate sound pressure levels in-
side buildings is the sound insulation of their facades. Like
so many other branches of engineering, sound insulation de-
sign requires dedicated study to reach established goals and
to correct nonconforming situations by taking into account the
management of various resources (e.g. financial, time, labor,
materials, etc.).

Previous studies suggest builders were negligent with the
acoustical quality of Brazil’s building facades. Based on sta-
tistical surveys, Jobim claimed that the lack of acoustic com-
fort is a major source of dissatisfaction among home owners.®
According to Queiroz and Viveiros, the quality of sound in-
sulation of frontal facades in Brazil declined significantly be-
tween 1968 and 2005.° All the homes assessed by Ferreira
and Zannin in Curitiba presented sound insulation values that
did not meet the German standard DIN 4.109 ”Schallschutz im
Hochbau”.10:1!

Thirteen different situations of facades were evaluated in
situ in Curitiba, state of Parand, according to the parame-
ter of weighted standardized level difference — Doy, n7,00-
The results were compared with the Brazilian standard NBR
15.575 “Edificacdes habitacionais Desempenho” and Portu-
gal’s Building Acoustics Regulations — RRAE “Regulamento
de Requisitos Actsticos de Edificacdes”.'>'3 Gaps of approx-
imately 0.5 cm in length were left deliberately in three facades
in order to study their effect on the sound insulation of the
buildings.

2. METHODOLOGY

Sound insulation measurements were taken in thirteen sit-
uations at different building facades (e.g. apartments, homes
and classrooms) in various parts of Curitiba. Several situations
were addressed and took different building materials into ac-
count.

The measurements were taken according to the global
method described in the standard ISO 140-5 ”Acoustics Mea-
surement of sound insulation in buildings and of building el-

ements”.'* The loudspeaker and traffic noise methods were
used according to the most suitable one for each situation.
Internal sound sources (e.g. neighbors and household appli-
ances)were not considered, since measurements were taken in
quiet conditions. The measured parameter was the standard-
ized level difference Dy, 7, in the 100 to 3150 Hz frequency
range. Then, the procedure described in the standard ISO 717-
1 ”Acoustic Rating of sound insulation in buildings and of
building elements Part 1: Airborne sound insulation” was
used, which allowed the team to obtain a single value for sound
insulation performance (i.e. the weighted standardized level
difference), Doy 1.

This single value represents the result of the measurement
of acoustic parameters taken in octave or one-third octave fre-
quency bands. This value was used as the criterion to compare
the measured values and those established by Brazilian and
Portuguese standards (NBR 15.575 and RRAE, respectively).

The standardized level difference, Doy, 7, is given by:14

T
D2m,nT = L1,2m - L2 + 1010g (T) ) (1)

o

where:

Doy 1 — standardized level difference measured 2 m away
from the facade, dB;

L1 2, — external sound pressure level 2 m away from the fa-
cade, dB;

Lo —indoor average sound pressure level, dB;
T - indoor average reverberation time, s;
T, - indoor reference reverberation time value, = 0,5 s, s.;

The parameters L; 5, and L, were measured simultane-
ously by using two microphones, a dual channel adapter, and
a flat cable. This flat cable could be passed through an ele-
ment that separates the facade (door or window) even when it
was closed. This was necessary because if a cylindrical ca-
ble was used, a crack would have had to be left open in the
separating element, which would have impair the accuracy of
the measurement of the sound insulation, thus underestimating
its levels.'* All data was collected in the afternoon over the
course of several days and, although the equipment set up time
was long, each measurement lasted for only a few seconds.

International Journal of Acoustics and Vibration, Vol. 21, No. 3, 2016 (pp. 339-345)

http:/dx.doi.org/10.20855/ijav.2016.21.3429 339



M. V. M. Filho, et al.. PERFORMANCE OF SOUND INSULATION IN BUILDINGS — A CASE STUDY

DUAL CHANNEL
ADAPTER

FAGADE

SOUND
ANALYZER

— / L,

FLAT CABLE

Figure 1. The measurement scheme.

Figure 2. Flat cable through a window.

Reverberation time, a parameter required for the calculation
of the weighted standardized level difference, was measured
as specified by ISO 354 ”Measurement of sound absorption
in a reverberation room”.!¢ This standard regulated all of the
procedures needed for the determination of this parameter by
the interrupted noise method.

All measurements were taken with Class 1 Briiel & Kjaer
equipment, which included microphones, cables, and a sound
analyzer. The microphones were externally calibrated with a
caliper before each measurement, as was recommended in the
user manual.!”

2.1. Regulatory Aspects

The Brazilian standard NBR 15.575-4 provided meth-
ods and values for the performance of buildings in various
branches.!> With regard to acoustic performance, the Brazil-
ian standard NBR 15.575-4 presented a table containing the
minimum allowable values for the sound insulation of facades,
depending on the location of the home.

The RRAE (Portugal’s Building Acoustics Regulations) es-
tablished minimum values for the weighted standardized level
difference, which were reached according to the type and zon-
ing of buildings.13 The General Regulation on Noise (RGR)
was consulted to determine the zoning of each building. This
law established the zoning of urban areas according to land
use. '8

Note that foreign standards had to be used to assess the
acoustic quality of buildings in Brazil, since the Brazilian stan-
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Figure 3. Standardized level difference for facades 1, 2, 3, 5 and 7.
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Figure 4. Standardized level difference for facades 4, 6 and 8.

dard NBR 15.575 covers only acoustic requirements for bed-
rooms. Brazil has no valid regulation on sound insulation
requirements for hospitals, classrooms, offices, churches, or
other types of buildings.

The Portuguese regulation was chosen because it uses the
same parameter of comparison for the sound insulation of fa-
cades as that of the NBR 15.575-4 standard — the weighted
standardized level difference, Doy, n7,- According to both
the Brazilian and the Portuguese standards, this parameter es-
tablished minimum values for each case are shown in section
3.7.

3. RESULTS AND DISCUSSION

Table 1 shows the room types, location, and building as-
pects of the eight studied facades. Figures 3 and 4 show the
measured standardized level difference curve for all the sit-
uations presented in this study. Other measurement relevant
descriptions — measured values, photographs, and pertinent
comments — are given in the following sections. The global
loudspeaker method was used in Facades 1 to 7. Measurements
on Facade 8 were taken considering the road traffic noise (other
noise sources were negligible in the area) by using the global
traffic noise method.'*
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Table 1. The facades aspects.

Facade Room type Location (neighborhood) Facade constitution Materials thickness
masonry walls - 11.68 m” walls - 12.5 cm
1 bedroom Cristo Rei plain glass sliding windows - 5.6 m? lain ol 6
total - 17.28 m? praim giass =5 mm
masonry walls - 6.89 m? walls - 12.5 cm
2 bedroom Cristo Rei plain glass sliding windows - 2.8 m? lain ol 6
total - 9.69 m? prain gfass -5 mm
masonry walls - 5.07 m? walls - 12.5 cm
3 bedroom Uberaba plain glass / light metal shutter sliding door - 3.18 m? plain glass - 6 mm
total - 8.25 m? light metal shutter - 3 mm
masonry walls - 5.32 m? walls - 12.5 cm
4 living room Uberaba sliding glass door - 4.91 m 2 lain ol 6
total - 10.23 m? prain ghass = & T
masonry walls - 17.36 m” walls - 25 cm
5 classroom Jardim das Américas plain glass windows - 20.5 m? lain ol 8
total - 37.86 m? plaim glass =6 mm
masonry walls - 5.95 m? walls - 12.5 cm
6 2" floor bedroom Uberaba plain glass sliding door - 3.18 m? .
2 plain glass - 6 mm
total - 9.13 m
brick walls - 4.05 m” brick walls - 12.5 cm
7 living room Uberaba stained glass extending to the second ﬂ(z)or 2.06 m? wooden door - 3.2 em
heavy wooden door 2.09 m
total 8.20 m? stained glass - 8 mm
masonry walls - 8.22 m? walls - 12.5 cm
8 6™ floor bedroom Downtown double glazed acoustic window - 2.7 m? .
5 two 4 mm thick glass layers
total - 10.92 m

3.1. Facade 1

A value of 23 dB for the weighted standardized level dif-
ference was determined from this measurement, thus indicat-
ing that Facade 1 did not meet the minimum 25 dB require-
ment stipulated by the Brazilian standard NBR 15.575-4 for

this case.

Because the facade area was made of single-layered plain
glasses, the levels of sound insulation were decreased in the
500 to 1500 Hz frequency range approximately, when com-
pared to the shifted reference values curve utilized to calculate
the weighted standardized level difference.'>!° In addition, the
sliding window did not have an appropriate sealing, leaving
gaps between the metal structures that sustained the glasses.
These constructive imperfections were caused due to the lack
of the window maintenance and to the use of non-standard ma-

terials.

3.2. Facade 2

The sliding windows of Facade 2 showed gaps between the
wooden window frames and the glass panes, as illustrated in
Fig. 5. This type of crack was quite common and often found
in Brazilian buildings. A value of 22 dB for the weighted stan-
dardized level difference was determined from this measure-
ment, thus indicating that Facade 2 does not meet the minimum
25 dB requirement stipulated by the Brazilian standard for this

case.

Facade 2 presented a poor sound insulation performance in
the higher frequencies when compared to the shifted reference
curve. The same behavior was found in Facades 4, 6, and 8,
in which openings of 0.5 cm were intentionally left, as shown
in section 3.4. This suggests that gaps of this magnitude affect
the facade sound insulation levels, especially in this frequency
range. The cracks found in Facade 2 were consequences of
the use of non-standardized materials, which had unfavorable

acoustic properties.

3.3. Facade 3

Facade 3 was evaluated in three different situations:

SOURCE: The authors (2013).

Figure 5. Gaps in the window frames of facade 2.
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Figure 6. Facade 3 in the three different situations.

Table 2. The measurements of facade 3.

Situation | Disom.nT.mw [9B]
I 17
2 9
3 19

SOURCE: The authors (2013).

1. Situation 1 — Only the glass door closed (metal shutters
open);

2. Situation 2 — Only the metal shutters closed (glass door
open);

3. Situation 2 — Metal shutters and glass door both closed.

Fig. 6 illustrates the evaluated situations.

The results of the measurements of Facade 3 are listed in
Table 2.

As can be seen, Facade 3 does not meet the minimum 25 dB
requirement set by the Brazilian standard in any of the three
measured situations. The contribution of the metal shutters to
the sound insulation combined with that of the glass door is
2 dB for the weighted standardized level difference (from 17
to 19 dB).

Since there are no gaps in Facade 3, the results under the
minimum value established by the Brazilian Standard are due
to the use of materials with unfavorable acoustic properties,
such as light metals and a single layered plain glass door. Sim-
ilarly to Facade 1, Facade 3 presents low sound insulation lev-
els in the 500 to 1500 Hz frequency range approximately, when
compared to those found in the shifted reference values curve
described in ISO 717.1> These weak points were caused by
the use of single-layered plain glasses that have had a worse
performance than the 10 cm thick masonry walls. '

3.4. Facade 4, 6, 8

Facades 4, 6, and 8 were evaluated in two different situa-
tions:

1. Situation 1 — Glass door / window completely closed;

2. Situation 2 — Glass door / window open 0.5 cm; the
opening was left intentionally to simulate gaps in the or-
der of magnitude commonly found in Brazilian buildings.

Figure 7 illustrates Situations 1 and 2.

The values determined for the weighted standardized level
difference of Facades 4, 6, and 8 in Situations 1 and 2 are
shown in Table 3.

Facade 4 sound insulation levels are below the 28 dB min-
imum value recommended by Portuguese standards. The
Brazilian standard does not provide for sound insulation lev-
els for rooms other than bedrooms. There were difficulties on

Figure 7. Facade 4 sliding glass door closed, and with an 0.5 cm opening
situations 1 and 2.

opening and closing the door of this facade due to the fric-
tion between the lower part of the door and the metal sliding
guide. This constructive imperfection, which could also cre-
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Table 3. Depth of crack for different crack widths and aspect ratios.

Measured D2y 7w * Minimum D2y, T w Minimum D2y, T w
[dB] according to NBR 15.575-4 [dB] | according to Portugal’s RRAE [dB]
Facade 4 (living room) gﬁﬁzggﬁ ; 52 not specified 28
Facade 6 (bedroom) 21:32222 ; il; 25 28
Facade 8 (bedroom) g::ﬁ:gg;l é ;g 30 33

SOURCE: The authors (2013).

ate gaps, was explained by the low-quality workmanship and
a lack of maintenance. Additionally, the constructive material,
which was a single layered pain glass sliding door, did not of-
fer a high performance sound insulation, which explained the
results under the minimum established by the Portuguese stan-
dard."

The values determined for the weighted standardized level
difference of Facade 6 were below the minimum values rec-
ommended by both the Brazilian and the Portuguese standards.
There were found no gaps during the measurements of this fa-
cade. The results under the minimum established by the stan-
dards were due to the use of materials with unfavorable acous-
tic properties, such as light metals and a single layered plain
glass door.

The value determined for the weighted standardized level
difference for Facade 8 in situation 1 was Dy om nrw =
30 dB. Thus, this value lies within the permissible minimum
threshold according to the Brazilian standard, but did not at-
tend the Portuguese standard requirements. The double lay-
ered glass acoustic window showed a remarkably determin-
ing performance in this case. Without it (or with the window
open), the sensation of acoustic discomfort in the bedroom was
heightened due to the heavy vehicle traffic, disturbing simple
daily activities, such as sleeping or reading.

Since Facade 8 was from a bedroom located on the 6™ floor
of an apartment building, the measurement of the L1 o, level
was taken with the external microphone attached to a fishing
rod suspended on the balcony of an adjoining room. The pro-
cedure, illustrated in Fig. 8, allowed the microphone to be held
2 m away from the facade.'*?’

In Table 3, Facades 4 and 8 present a decrease of 2 dB and
Facade 6 presents a decrease of 3 dB over the weighted stan-
dardized level difference between situations 1 and 2, when a
gap of 0.5 cm was left open deliberately. The test with the
open gap confirmed the effect perceived subjectively: the lack
of sealing in an element separating two environments deterio-
rates the quality of sound insulation between them.

In addition, it was noted that the gaps affected the standard-
ized level difference curve in a similar way for Facades 4, 6,
and 8. Sound insulation level curves suffered a significant de-
crease in high frequencies. Facade 4, for example, had a de-
crease of 5.4 dB in the 1600 Hz frequency band when com-
pared to Situations 1 and 2; Facade 6 had a 4.6 dB decrease
in the 1000 Hz frequency band; and Facade 8 had a 6.9 dB de-
crease in the 2500 Hz frequency band. The levels in frequen-
cies lower than 1000 Hz remained close in both Situations 1
and 2, as shown in Fig. 4.

3.5. Facade 5

Facade 5 was from classroom PG-06 located on the campus
of the Polytechnic Center of the Federal University of Parana
UFPR. The measurement was taken while the classroom was
unoccupied. The measurements showed that Facade 5 provides
acoustic insulation of D o 7,0 = 28 dB, indicating that

Figure 8. Use of a fishing rod to support the microphone during the measure-
ments of facade 8 — external and internal views of the bedroom

classroom PG-06 was in compliance with the minimum accept-
able limit recommended by the Portuguese standard (Brazilian
standard cannot be used in this situation, since it covers exclu-
sively bedrooms).

Although there were found small gaps between the glass
panels, the classroom ha thick masonry walls (25 cm thick)
covered by a layer of a tile wall and thicker glasses than the
situations shown before. This combination warranted higher
sound insulation levels.

3.6. Facade 7

A weighted standardized level difference  of
Disommnrw = 29 dB was determined from this mea-
surement. Thus, Facade 7 fell within the acceptable limit of
28 dB recommended by the European standard.' 3

The value of Dj4 21 n7,w = 29 dB is attributed to good in-
sulation presented by Facade 7. The stained glass panel was
sealed hermetically against the masonry walls. The wooden
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door has a rubber bottom door seal that pressed against the
floor of the foyer, providing water-tight acoustic and thermal
insulation. In fact, it was difficult to pass the flat cable through
the door to take this measurement. The door also had tetra key
locks, which mitigated the effects of loss of sound insulation,
since the two adjacent rooms were not exposed to direct open-
ings, such as ordinary door locks.

3.7. Table of Results

Table 4 lists the values of weighted standardized level differ-
ence measured in each situation and compares them to the val-
ues stipulated by the Brazilian and Portuguese standards NBR
15.575-4 and RRAE, respectively.

Considering all the measurements and analyzing the data
given in Table 4, one can see that the sound insulation of the fa-
cades of Brazilian buildings is not ideal. Approximately 77%
of the studied cases (10 out of 13) failed to meet the mini-
mum requirements established by the standards. The average
value of the measured weighted standardized level difference
was 22 dB, which is lower than the minimum stablished by
Portuguese and Brazilian standards for urban environments.

An analysis of the effects of the gaps left open intentionally
proves that they could be perceived subjectively (i.e. there is a
deterioration in the quality of sound insulation). Facades 4, 6,
and 8 showed sound insulation losses of 2 to 3 dB according
to the parameter Doy, 7., When openings were inserted. Fa-
cade 8, which was in compliance with NBR 15.575-4, became
noncompliant with the minimum value when the acoustic win-
dow was not completely closed. In addition, the gaps affected
more the sound insulation levels on high frequencies (1000 to
3150 Hz), rather than on low frequencies. This suggested that
sound insulation levels in this frequency range are especially
sensitive to gaps of 0.5 cm order of magnitude.

Differences were found between the Brazilian construction
model and that of developed countries. The latter used lighter
materials in large-scale construction of walls and ceilings, and
windows and doors that provide afford acoustic and thermal
insulation.?!~23

This finding points to systemic problems in Brazilian civil
construction: the low quality of labor, the use of non-standard
materials, the use of materials with unfavorable acoustic prop-
erties, the lack of maintenance and the unfamiliarity about the
subject, which result in low quality buildings. Single lay-
ered glass windows are problematic for sound insulation, since
glasses present a lower performance than brick walls, espe-
cially in the 500 to 1500 Hz frequency range.!® While ma-
sonry walls were built by an almost artisanal process (brick by
brick), ensuring heavy buildings with high values of Rw, doors
and windows were the weak link in the acoustic insulation of
Brazilian buildings.?*2*

4. CONCLUSIONS

The problem of environmental noise that affects Curitiba
and other metropolises (not just in Brazil) has no single so-
lution, but requires joint measures by society, scientists, and
authorities. Noise emission levels must be reduced because
imission levels (i.e., those that reach the receivers) must also
be attenuated. In this context, the sound insulation of facades
is an important measure to control noise pollution particularly
in urban areas where traffic noise is responsible for environ-
mental damage that deteriorates the quality of life.

Thirteen facades of different buildings in Curitiba were eval-
uated to determine their levels of sound insulation. The results

of the measurements revealed that 77% of the analyzed facades
are noncompliant with the Brazilian and Portuguese standards.

Openings of approximately 0.5 cm were left intentionally in
two windows and a door to simulate the effect of gaps com-
monly found in Brazilian buildings. In the three situations,
there was a decrease of 2 to 3 dB in the value of the parame-
ter weighted standardized level difference — Doy, 7,0 The
gap’s effects on sound insulation levels in the 1000 to 3150 Hz
frequency range is more significant than in the 100 to 1000 Hz
frequency range.

The findings of this study are consistent with those of other
researchers: Brazil has a systemic problem in the acoustic
quality of its buildings. The main reasons are: imperfections in
the finishing due to a poorly qualified workforce, lack of stan-
dardization of materials, lack of maintenance, and negligence
or ignorance during the construction phase. Doors and win-
dows are the weak link in the sound insulation of most build-
ings in Brazil.

There is no single action solution for this verified low sound
insulation problem. The use of materials with higher acoustic
performance, the training of qualified workforce, continuous
maintenance, and the creation of awareness campaigns about
noise directed to population are suggested as mitigation actions
for this architectural and environmental issue.
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