ARCHIVES OF ACOUSTICS
31, 1, 113-119 (2006)

Technical Notes

EVALUATION OF PERFORMANCE OF ACOUSTIC MATERIALS
— A CASE STUDY IN BRAZILIAN CIVIL CONSTRUCTION

P.H.T. ZANNIN, J.A.C. FERREIRA

Universidade Federal do Parana — Departamento de Engaiiecénica
Laboratério de Acustica Ambiental — Industrial e ConfortelAtico
Centro Politécnico — Bairro Jardim das Américas
CEP: 81.531-990 — Curitiba — PR — Brasil
e-mail: zannin@demec.ufpr.br

(received November 15, 2004; accepted August 18,)2005

Urban noises are emitted simultaneously by a wide variegoafces, such as, transporta-
tion and activities encountered in large cities. Many stadihow that traffic noise followed
by noise produced by neighbours are the main disturbingcesuConsidering that both traf-
fic and neighbour noise upset people inside their homespibssible to conclude that these
homes do not display good performance of one of their pusoshich is the one of pro-
viding acoustic comfort. This fact is critical in Brazilidmomes, as opposed to countries such
as Germany and the USA, since these countries have spedég far acoustic properties
of materials used in civil construction, and Brazil does. fidte goal of the present study is
to show the acoustic performance of materials routinelyg uisdBrazilian civil construction.
Measurement procedures battsituand in the laboratory are presented to determine acoustic
performance of the materials, such as: insulation coeffidier air propagation. The results
have shown that the acoustic performance of Brazilian cocisbns, are under international
standard.

Key words: sound insulation, acoustic comfort, civil constructiamban noise, insulation
coefficient.

1. Introduction

Noise pollution is nowadays, right after air and water padho, the environmental
problem that affects most people. Noise has been causirggpisiag levels of annoyance
and harm in the great urban centers around the globe. Pemptibaiously especially
sensitive to noise during leisure time. That is precisety phoblem with urban noise.
It upsets and annoys people also when they are not workimmgdaighttime.

Urban noises are emitted simultaneously by a wide varietsoofces, such as in-
dustry, transportation and activities encountered irdaities. Several researchers have
been trying to characterize urban noise, and to study howfdtta city inhabitants.
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These studies show that traffic noise followed by noise prediby neighbours are the
main disturbing sources.

Considering that both traffic and neighbor noise upset geodide their homes,
it is possible to conclude that these homes do not perforrhamel of their purposes,
which is the one of providing acoustic comfort to its inhabis. This fact is critical in
Brazilian homes, as opposed to countries such as Francma@gr England, and the
USA, since these countries have specific rules for the aicousulation properties of
materials used in civil construction, and Brazil does not.

2. Discussions

When sound waves reach a wall, their energy is partially ctftk and partially
absorbed by it [1, 2]. The paths of sound transmission aréheljlirect transmission,
through the elements of separation between rooms; andiggénttansmission, through
the lateral walls, through the ceiling and floor. These twmponents sum up to yield
the total sound energy transferred from one room to the d&h)e3]. For walls made
of homogeneous materials of constant width, the level aflat®on is a function of the
mass of the element and of the frequency of the sound thahleitwall.

One theory vastly used to predict the coefficient of soundl&i®n in simple walls
is the law of mass, which shows good performance accordisgueral authors such as
BERANECK [4], HECKL [5] and SLVA [6]. There are also other methods to predict the
insulation factor of simple walls, like those of Feshbacter@er, Josse, Briel, Savioli,
Meisser, and the Statistical Energy Analysis. These matihade been evaluated by
LARANUJA [7], through the confrontation of measured and simulatedlite. As a result
of this study he has concluded that, depending on the medtridied and the frequency
to be analyse, different methods may vyield different rasdlihe method shown to be
the most efficient for all materials and frequencies evaldiatas Patamar’'s Method [1].

When a high loss of transmission is desirable, without massialls, the use of
double or triple walls is the best optionaBSTA [8] states that the main factors that
determine the quality of a double wall are: 1) the type of male2) the system of
assembly of the walls, 3) the width of the air layer, and 4)dbefficient of absorption
of the material placed in the air chamber to lower resonamoerder to assure the effi-
ciency of this type of composition, several authors [1-Sjgast materials of different
mass and rigidity, in order to guarantee that the walls vatl display the same critical
frequency. Sound transmission in this kind of structureeiyJdifficult to be mathemati-
cally formulated through a simple expression, as it dependiifferent mechanisms of
transmission. In order to evaluate the phenomenon of sgandrhission, some simpli-
fied and limited models have been proposed, such as thosendbho Goesele, Josse,
Craik and Wilson, Sharp and Meisser. In order to estimaténdation coefficients in
this kind of structure, LPs [9] suggests the use of expression (1), which was obtained
empirically:

R!, = R} + (100.d.n.c), (1)
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where R], — coefficient of sound insulation of the double walt{, — coefficient of
sound insulation of the simple wall;— distance between the two walls [m];— type
of coupling between the walls:(= 1 if coupling is rigid; n = 1.5 if coupling is
elastic;n = 2 if the walls are not connectedy};— Type of material that fills the space
between the wallse(= 0.8 if air chamber = 1 if the chamber is filled with absorptive
material).

In Brazilian civil construction, the material most ofteredsor walls are bricks. The
bricks are perforated ceramic blocks 15 cm-wide. Concreiekb are also used, as well
as Dry Wall. SLvA [6] has evaluated the acoustic insulation by walls builtwifiese
materials. This evaluation has been carried out througbréabry measurements, ac-
cording to ISO 140-3 [10]. The results have been obtainedeiguiency bands of 1/3 of
octave, and afterwards, following the standard ISO 71711 ¢anverted to weighted ap-
parent sound reduction index. The results of this evalnatie displayed in Table 1 [6].

Table 1. Sound insulation measured in the laboratory for the wallk With materials routinely used in
Brazilian civil constructionR,, is the weighted sound reduction index, conform ISO 140-318@i717-1.

Wall R, [dB]
Plain brick wall 41
Covered brick wall 44
Plain concrete block 37
Covered concrete block 43
Dry Wall without fiber glass 34
Dry Wall with fiber glass 42

In FERREIRA[12] and in FERREIRA et al. [13], the performance of Brazilian con-
struction materials is studied, when used for home buildindhis work Ferreira per-
formedin situ measurements of the insulation between the rooms (Table®)te
facade insulation (Table 3) of eleven homes built with thealisnaterials of Brazilian
civil construction. These evaluations have been perforasedrding to standards 1SO
140-4 [14] and I1SO 140-5 [15].

Table 2. Sound insulation measured between rooniis situ measurementg,, is the weighted apparent
sound reduction index conform ISO 140-4 and ISO 717-1.

Wall material ?e%%reﬁl‘;"g‘t’ﬁea\f;l"[% R, [dB]
Wood 13-16 20-25
Brick wall 8-20 25-31
Concrete block 11-18 25-26
Dry Wall 13-20 27-29
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Table 2 [12, 13] and Table 3 [12, 13] show the results throughsingle number
guantities of airborne sound insulation in buildings ot¢ai according to standard 1ISO
717-1. The results are displayed in bands that include alvéiues measured in resi-
dences, as a function of the materials used to build the walls

Table 3. Sound insulation of fagadeR;, . ., is the weighted apparent sound reduction index conform
ISO 140-5 and ISO 717-1.

Window relative area | External noise at the
Wall material with respect to the wall| measurement sitBe; | R, 5., [dB]
[%] in dB(A)
Wood 18 69 16
Brick wall 14-26 66—72 19-23
Concrete block 16-22 68-70 20-21

The German standard DIN 4109 [16] recommends for the weaiighypparent sound
reduction index between rooms, a minimum valueR)f = 47 dB. The German stan-
dard VDI 4100 recommends for the weighted apparent soundttied index between
rooms as a function of the desired comfort, the values betw8éeand 51 dB [17].

For sound insulation from facades, the DIN 4109 sets thddinlisplayed in Ta-
ble 4. The insulation values in Table 4 are established veiipect to the level of ex-
ternal noise. The insulation levels measured, presenté&dhles 2 and 3, are all below
the levels recommended by DIN 4109 and VDI 4100. This leadedaonclusion that
Brazilian residences do not meet one of their purposespft@bviding acoustic com-
fort to its inhabitants. Consequences of the detected lhakaustic protection against
urban noise are immediately apparent.

Table 4. Sound insulation for fagades as a function of the externaddevel as demanded by DIN 4109.

External noise| Living rooms, bedrooms, classrooms, efc.
Ly dB(A) Rir v [dB]
Until 55 30
56 to 60 30
61 to 65 35
66 to 70 40
71to 75 45
76 to 80 50

A social survey conducted in the city of Curitiba [18] with@Bpeople interviewed
pointed to traffic noise (72%) and noise by neighbors (38%bhasmain sources of
annoyance by noise. Figure 1 [18] displays the main effectwoise in the evaluated
population. Data in Fig. 1 demonstrates how noise affectdityyuof life in the urban
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environment, leading to the need for acoustic quality of lthét environment. The
acoustic quality of the built environment is intimatelyatdd to the sound insulation
capacity of the materials employed.

Percentage
= N W
o O O O O
1 1 1 1 1

I ¢ & &£ ¥
\é‘\\ ® \“6Jo 006% <® €
& N
o

Fig. 1. Annoyance trough urban noise.

The low levels of insulation found in the evaluated residgsnmay be a consequence
of the poor acoustic insulation quality of doors and windoxsed. The doors commonly
used in Brazil present a weighted apparent sound reductdexir,, within the range
of 10 to 20 dB. According to Lps [9], doors with such sound insulation values are
inadequate for dormitories.

Furthermore, comparing the Brazilian measured soundatisul by windows (Ta-
ble 5) to the levels recommended by German standard (Tabb6R719 [19], it is
clear that Brazilian windows present poor acoustic peréoroe.

The measurement of sound insulation by windows igasitu measurement.

Table 5. In situsound insulation measured for windows.

Product assayed Characteristics R, [dB]
Wood window Simple 3 mm-glass, without jealousy  19.1
Aluminum window | Simple 3 mm-glass, without jealousy 17.8
Iron window Simple 3 mm-glass, without jealousy 21.1
PVC window Simple 3 mm-glass, without jealousy 20

As can be observed in Table 1, the materials used for the wradliwidually, display
high levels of sound insulation index. The main route forrgbtransmission through
doors is through the gap below, of 1 cm [6]. As a consequehesweighted apparent
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sound reduction index will not be over 20 to 25 dB, whichewermaterial it is made of.
For improvement in performance, special doors should bd,ube so-called acoustic
doors.

The windows should also be improved, as they are the weal fmsound trans-
mission in the facades. The windows thus define the insulatefficient for external
noise. Studies performed bya8T0Ss [20], BARING [21] and RECCHIA [22] shown that
the main factors responsible for the low levels of insulat@we the frames of the win-
dows, and not the glass, as most people guess. Therefame jgsleecommon mistake of
supposing that the substitution of single glass by douldeggivould solve the acoustic
problem. BARING [21] in situ, SANTOS [20] and RECcCHIA [22] in the laboratory have
evaluated several types of windows. They have demonstthtgdhe models mostly
used in Brazil do not display a satisfactory performanceoimsl insulation capacity.
The values these authors have found for the weighted apgpswand reduction index
for facades are well below the values reported in countiied :s Germany, France,
Spain, and the USA. These countries have rules and stanttetdsstablish the mini-
mum values of sound insulation in buildings.

Table 6. Categories of windows conform VDI 2719.

Noise Control Insulation Coefficient Insulation Coefficient
Categories In situ measuremenk,, Laboratory measurement,,
1 25t0 29 > 27
2 30to 34 > 32
3 3510 39 > 37
4 40 to 44 > 42
5 45 t0 49 > 47
6 > 50 > 52

3. Conclusions

It has been observed that Brazilian residences displayHassacceptable values of
the weighted apparent sound reduction index between roshes) compared with the
values demanded by international standards, such as DIB d@d@ VDI 4100. It has
also been detected, in the evaluated residences, thatltles & the weighted apparent
sound reduction index from facades are also below those rtdedeby DIN 4109.
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