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2260 - O NOVO ANALISADOR SONORO
PORTATIL DA BRUEL & KJAER.

Depois do revolucionédrio medidor de nivel de som 2236,
nosso novo Analisador de Nivel de Som 2260 traz até
vocé, no mesmo formato ergondmico, um avangado
projeto acUstico de notével flexibilidade.

O “Investigator”, nome popular do 2260, possui médulos

para qualquer tipo de avaliagdo acustica:

BZ 7201 - Analise de frequéncia em bandas de oitavas.
BZ 7202 - Andlise em oitavas e 1/3 de oitava.

BZ 7203
BZ 7204

‘Analise de eventos

Andlise de aclstica em edificagdes.

E o primeiro analisador manual do mundo com
tecnologia de PC usando os cartdes PCMCIA, o que faz
do 2260 uma poderosa ferramenta para qualquer
aplicagdo que se possa imaginar. Portanto, com o 2260
em suas méaos, vocé estard completamente equipado e
preparado para enfrentar qualquer desafio de medigoes
acusticas.

Para maiores informagdes, contactar:

Briel & Kjaer =

R. José de Carvalho, 55

Chac. Sto. Antonio - Sao Paulo - SP
CEP 04714-020 - Brasil
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Efeito do Ruido no Homem Dormindo e Acordado

EFEITO DO RUIDO NO HOMEM
DORMINDO E ACORDADO

Fernando Pimentel-Souza - Laboratério de Psicofisiologia ICB-UFMG(www.ich.ufmg.br/Ipf)
Belo Horizonte, CP 486, 30.161-901, Brasil

RESUMO

Este trabalho consta de duas partes:

Perturbacgao do ruido no homem dormindo

A maioria das pessoas dorme de olhos fechados e
na penumbra. Em decorréncia perde-se a percepgao vi-
sual, suprimindo mais de 90% das informagdes recebi-
das e um sistema de seguranga de prevencdo de ataque
de surpresa. No sono, a audi¢do, o segundo sentido em
quantidade de informagdo, assume o controle para de-
tectar qualquer sinal de perigo, mantendo seus canais
abertos numa abertura angular total de 360° em torno
do nicho individual. A perturbagdo pelo ruido ¢ uma das
mais criticas, porque o siléncio se faz necessario para o
sono ocorrer na melhor qualidade, que garante as mais
nobres fungdes, a pouco tempo desconhecidas. Caso
contrario, mesmo dormindo, 0 organismo comega rea-
gir gradualmente com seu alerta, e o individuo tende a
acordar. A partir do valor médio de 30 dB(A), aparecem
reagdes perturbadoras das visceras, no EEG e da estru-
tura do sono. O ruido aumenta a duragio dos estagios
superficiais do sono, quase infiteis, enquanto o tempo
total ¢ os estagios necessarios, MOR e estagios 3 e 4, se
reduzem consideravelmente. O despertar costuma ocor-
rer mais devido aos picos de ruido, de 8 a 19 dB(A)
sobre o nivel de fundo. Quando o ruido do fundo atinge
65 dB(A), os reflexos protetores do ouvido médio pare-
cem funcionar, anulando em parte funcdo da audigdo e
introduzindo inseguranga pela diminui¢do da vigilia
auditiva, evidenciada pela maior demora para se pegar
no sono. A situagdo insalubre na cidade e em hospitais
de Belo Horizonte ¢ mostrada como exemplo corrente
do 3° Mundo industrializado e urbanizado. A polui¢do
sonora, consciente ou inconscientemente, piora signifi-
cativamente a qualidade absoluta do sono, acarretando
piores desempenhos fisico, mental e psicologico.

Perturbag¢ao do ruido no homem acordado

Milhées de cidaddos passivos do 3° Mundo estdo
ficando perturbados fisica, mental e psicologicamente,
além de surdos, perdendo a capacidade intelectual. Com-
prometem-se o raciocinio, a comunicac¢do oral, a edu-
cacdo, o bem-estar e a sobrevida, limitando as
potencialidades humanas. O proprio desenvolvimento
socio-econdmico da sociedade ¢ afetado pela incapaci-
dade de compreender e reagir contra seus acusticamen-
te poluidos meios urbanos, industriais e de lazer, piora-
dos pela alta densidade populacional. Durante duas re-
volugdes industriais aceleraram-se a degradagdo dos
ambientes sonoros nas areas residenciais e no trabalho
¢ a contaminag¢do do ruido se propagou pelo mundo. Os
paises do 1° Mundo sofreram primeiro este impacto ¢
perceberam pela queda na produtividade e pelo aumen-
to de acidentes, ¢ mudaram de rumo durante a terceira
revolugdo industrial, quando houve a invasdo mais pro-
funda e difusa do meio urbano pelos veiculos
automotores. Hoje seus governos estdo interessados em
evitar maiores danos a saude dos homens, adotando ati-
tude a fim de prepara-los melhor, intelectual e psicolo-
gicamente, para competirem na ponta da globalizagio.
Seus cidadios se tornaram mais conscientes e exigem
melhor qualidade de vida. No entanto, em grande parte
do 3° Mundo, industrializado ou urbanizado mais tardi-
amente, o ruido ambiental continua excedendo, enquanto
alguns paises procuram ultrapassar atabalhoadamente as
revolugdes industriais perdidas, tornando seus ambien-
tes sonoros insalubres pelo uso intensivo de equipamen-
tos ultrapassados e barulhentos. Estes povos se mostram
incapazes de queimar etapas com tecnologia limpa e
mais moderna para ingressarem diretamente na nova era
pés-industrial. Assim, continuam perdendo o “bonde da
historia”. Belo Horizonte é examinada como uma cidade
do 3° mundo emergente, industrializada e urbanizada.

Palavras-chave: Sono, Polui¢@o sonora, Desempe-
nhos humanos, Conforto actistico, Satude.
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PERTURBACAO DO RUIDO NO
HOMEM DORMINDO

A natureza e a fungao do sono e dos sonhos

Nos trabalhos pioneiros, em experiéncia de priva-
20 de sono com registro do eletroencefalograma (EEG),
Zemonstrou-se a necessidade do sono de ndo movimen-
tos oculares rapidos (NMOR) para recuperagdo fisica e
Zos sonos MOR para recuperagao do humor e da capa-
cidade intelectual. Nos primeiros dias da restauracao do
sono mostrou-se um efeito compensatério das perdas

Aserinsky & Kleitman, 1953; Kleitman, 1973). A pri-
vacio total do sono por 40 horas sem dormir provocou
distorgdes perceptivas, falta de perseveranga e
writzbilidade e por 100 horas sem dormir até desordens
psicoticas, depois seguido de compensagio com aumento
2o limiar do sono de até 15 dB(A) (Chapon et al, 1972.
Privacdes parciais do sono grupado determinaram que-
2z de desempenho em tarefas de vigildncia e célculo,
perturbacdo da avaliagdo do tempo ¢ degradagdo das
rzlacdes humanas (Chapon et al, 1972).

Privacdes seletivas do sono MOR tiveram efeitos
mais especificos nas perturbagdes psicologicas, memo-
ma. concentragdo mental e aprendizagem (Chapon et al,
1272). Ja Fisher (1965) (citado por Chapon et al, 1972

3)). numa abordagem psicoanalitica, observou pertur-
sacdes do EU e da personalidade, além de memoria,
concentracdo e avaliagdo do tempo. Confirmaram-se
=stes distarbios mentais e psicoldgicos de uma forma
ou de outra na privacdo do sono MOR (Chapon et al,
1972). Mais recentemente estudo com EEG durante
meses confirmou a melhor aprendizagem de dormidores
com maior duracdo de sono MOR, entre estudantes de
ingua inglesa estudando francés (De Koninck et al,
1989). Atual e extensa revisido sobre sonhos (Foulkes,
1996) deixa claro a natureza de “atividade mental alter-
nativa’ do sonho, cuja rede neural primaria seria a mes-
ma da atividade de vigilia. Sabe-se que hé “sonhos luci-
dos”, mais conscientes, que estdo muito mais ligados &
continuidade de nossa vida em vigilia do que com qual-
guer outra coisa complementar. A ndo existéncia de “so-
nhos lucidos” na primeira infancia liga-se a escassez de
mmagens mentais mesmo acordado. No sono normal, as

percepgdes externas e a motricidade sdo minimas e as
atividades intrinsecas sobressaem dando um trago mais
nitido a consciéncia do seu EU, no adulto dormindo.
Por outro lado, a privagao parcial dos sonos de onda
lenta, NMOR profundos, sdo acompanhadas de baixa de
secre¢do de hormonios do crescimento e da tireoide, de
scqiielas de insuficiéncia metabolica dos tecidos e
depressivas do organismo, embora uma sensagdo de li-
geira euforia e hiperatividade. Mas, a recuperagao dos
sonos NMOR profundos ¢ imediata, em poucos dias, em
detrimento mesmo do sono MOR (Chapon et al, 1972).

Conclusodes

1°) A durag@o dos sonos NMOR profundos parece ser
relativamente mais estavel, e reagem logo de ma-
neira compensatoria. Ele varia positivamente com
o0 exercicio fisico e estresse ¢ negativamente com a
1dade, demonstrando rclagdo direta com o nivel de
gasto energético (Chapon et al, 1972).

2°) O sono pode ser dividido em duas partes funcional-
mente bem distintas. A primeira, onde predominam
os sonos NMOR profundos ¢ considerada obrigato-
ria por ser necessaria a saude fisica, a sobrevivén-
cia. A segunda, onde predomina o sono MOR, é con-
siderada menos obrigatoria, por ser considerada fa-
cultativa a recuperacgio psicologica ¢ mental, mas
que compromete profundamente o desempenho do
ser integral (Chapon et al, 1972),

3°) A classificag@o acima parece confirmada por Lukas
(1971), onde os limiares de despertar pelo estimulo
auditivo sobre o estagio IV é maior do que o do V,
indicando a prioridade natural na preservagdo
adaptativa do lado metabolico de recuperacio e so-
brevivéncia celular sobre o mental e psicologico. Os
maiores limiares para acordar com ruidos estdo nos
estagios III, IV e V, considerados por isto profundos
(Tabela 1).

Conforme o estimulo auditivoé | 1t 5

aplicado em diferentes estagios do m 26
sono, acima do ruido de fundo, = | Henhs

Tabela 1: Limiar relativo (em dB) em diferentes estagios do sono
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Comentarios

A sensac¢do de ter bem dormido e acordar motivado
estdo ligados positivamente com a duracdo do sono
MOR, onde predominam os sonhos. Confirmou-se tam-
bém em trabalhadores que se queixavam terem mal dor-
mido, mas mostrando grande incidéncia de estagio 1 e
nitida diminui¢do do sono MOR e em pacientes que
passaram a primeira noite em laboratérios de sono, com
perdas ligeiras do sono total e estigio 4 e severas no
sono MOR (Chapon et al, 1972).

Observou-se também que a duragao total do sono
melhora a sensa¢ao de bem dormir s6 até um maximo de
9 horas, a partir do qual ha uma piora, explicada pelo
aumento de desgaste devido a maior atividade cerebral
durante o sono, consumindo mais energia metabolica,
hormoénios e mediadores quimicos (Chapon et al, 1972).
“Dormir mais” pode ser uma inutil busca de compensa-
¢do pela qualidade de sono perdida, mas que ndo € resga-
tada, como confirmado por Braz (1988) na cidade de Sao
Paulo e Pimentel-Souza et al (1996) em pacientes em alta
em hospital mais barulhento em Belo Horizonte.

Desde 1963 que Webb (citado por Chapon et al,
1972) constatou que as mulheres dormem pior do que
os homens, confirmado na cidade de Sdo Paulo por Braz
(1988). As mulheres, em particular as donas de casa,
sdo mais facilmente acordadas pelo barulho (Chapon et
al, 1972). No cotidiano observa-se em geral como a mae
¢ mais sensivel ao choro do bebé, desperta-se logo, ape-
sar do pai continuar a dormir.

Com a idade constata-se uma diminuigdo do tempo
total de sono, aumento dos estagios 1 e 2, quedas do esta-
gio 4 e do sono MOR, s6 aparente ap6s 60 anos (Chapon et
al,1972). Isto ndo significa um envelhecimento normal, mas
efeitos de doengas, poluigdo sonora e maus habitos. Rela-
cionam-se a queda do estagio 4 com inicio da patologia
cerebral, pela falta de regenerac@o organica, e a queda da
duragdo do sono MOR com baixa da funcdo intelectual.
Lukas et al (1970; citado por Chapon et al, 1972) encontra-
ram aumento das reacdes ao barulho de avides subsonicos
e supersonicos com a idade, sobretudo na duragdo do des-
pertar que cresce mais de 30 vezes. Donde se pode prever
envelhecimento insalubre, no sono e conseqiiente perda de
desempenho, induzido pela polui¢do sonora existente no
mundo modemo, principalmente no 3°. Mundo industria-
lizado e urbanizado, sujeito a maior poluigdo sonora do
que o 1°. Mundo (Pimentel-Souza, submetido).

Os dados da duragdo do sono grupado apontam mé-
dia de 7,5 horas, com 5% das pessoas dormindo mais
de 9 horas e 5% menos de 6 horas (Chapon et al, 1972).
Hartmann et al (citados por Chapon et al, 1972)
constataram que os “grandes dormidores” despertavam
mais e tinham mais estagios 1, 2 e MOR ¢ os “peque-
nos dormidores” tinham mais estdgios 3 € 4. Jones e
Oswald (1966; citados por Chapon et al, 1972) estuda-
ram 2 individuos excepcionais que dormiam menos de
3 horas que possuiam 49% de estagios 3 ¢ 4, sendo seu
valor absoluto igual a duragio média dos individuos
sem insonia dormindo 7,5 horas, o que explica o seu
carater metabolico adaptativo e menos despertares por
estarem mais freqiientemente em estagios mais resis-
tentes ao barulho. A ciéncia atual no entanto ndo sabe
como se pode conseguir dormir mais apenas sonos
nobres ¢ profundos.

Perturbacao do ruido branco no sono

A mais completa experiéncia de laboratério foi
realizada por Terzano et al (1990) em 6 jovens de 25,8
anos em média, saudaveis, 3 homens e 3 mulheres,
sem queixa de insdnia, submetidos a niveis diferen-
tes de ruido branco. Este ruido ¢ aquele que ocupa
igualmente toda a faixa espectral de freqiiéncia, para
ndo ter influéncia de timbre, que cause identificac¢do
psicologica.

O tempo total de sono caiu 38,8 minutos, em valor
relativo 8,2 %, e se correlacionou inversa e significati-
vamente com o nivel de ruido entre 30 deciBéis Acus-
ticos (dB(A)) e 75 dB(A) (Figura 1). Houve uma que-
da importante entre 45-55 dB(A) com elevado aumen-
to do estagio 1, confirmando Vallet etal (1975). Ad44 e
53 dB(A) de pico ja sc comecam a despertar respecti-
vamente em ambiente calmo, de 25 dB(A), e mais ba-
rulhento, 45 dB(A) (Tabela 2). Mais despertares ocor-
reram entre 55-65 dB(A) de fundo, correspondendo
também ao maximo de sonos superficiais, 69,4% do
total (Figuras 1 e 2). J4 entre 65-75 dB(A) ocorre um
fendmeno paradoxal: o tempo total de sono aumenta
de 2,8 minutos, caindo um pouco o percentual do esta-
gio 2 e ganhando paradoxalmente em sono MOR, mos-
trando que em nivel elevado de ruido o sono até recu-
pera em parte sua estrutura, mas continua perdendo
em sonos profundos NMOR, e a qualidade do sono
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continua precdaria em relagdo ao siléncio. Isto pode sig-
mificar que na audi¢do, o reflexo protetor do ouvido
medio val provavelmente neutralizar a percepcio do
ruido crescente, perdendo também capacidade de vi-
zilancia do sono (Figuras 1, 2 e 3).

Figura 3: DURACAQ DOS ESTAGIOS PROFUNDOS
DO SONO VERSUS NIVEL DE RUIDO (Terzanc etal, 1990)
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Conclusao

Figura 1: TEMPO TOTAL'DE SONO E’ DE
DESPERTAR VERSUS NIVEL DE RUIDO
{Terzano et al, 1990)
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Figura 2: DURACAP DOS ESTAGIOS SUPERFICIAIS DO
SONO VERSUS NIVEL DE RUIDO (Terzano et al, 1990)
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Tabela 2: a) Limiares de ruido de pico em dB(A) para inicio de
reagdes no EEG do sono e b) porcentagem de duragdo de estagios
III, IV e V na duragdo do sono total, num meio calmo, 25 dB(A), e
num meio barulhento, 45 dB(A), de uma populagdo ribeirinha
respectivamente antes e depois da abertura de uma autopista na
Franga (Vallet, 1982).

Comentarios

Instalou-se gradualmente uma perda significativa da
qualidade do sono, enquanto o ruido branco subiu de 30
dB(A) a 75 dB(A), mostrado por:

1°) queda significativo do sono MOR (Figura 3), cujo
percentual passou de 29,0 % para 20,8 % do tempo
total de sono, totalizando uma perda de 47,3 minu-
tos no tempo absoluto,

2°) na queda significativa dos sonos profundos NMOR
(Figura 3), que passaram de 16,5 % a 8,6% do tem-
po total de sono, totalizando uma perda de 36,7 mi-
nutos no tempo absoluto. O efeito ¢ particularmente
valido para o estagio 4, que sofre perda relativa de
70% e mantém elevada correlagao linear com o ni-
vel de ruido, correspondendo a queda de ocorréncia
das ondas delta.

Ha agédo antagdnica do ruido com os sonos mais pro-
fundos, que ocupavam quase metade do tempo total de
sono, 45,5%, a 30 dB(A), e se limitando a menos da terga
parte, 29,4%, a 75 dB(A). Naturalmente tudo isto ocor-
reu desequilibrando o sono para o lado mais superficial,
estagios 1 e 2, que aumentaram 17% no valor relativo,
passando de 54,5% a 69,2% do tempo total de sono (Fi-
gura 2). Paralelamente no adulto, ha também aumentos
significativos de micro-acordares, detectado por padrdes
de curtas oscilagdes denunciando despertar so eletro-
oscilograficamente, descrito por Terzano et al (1990).

A duragdo dos periodos acordados conscientes apos
o primeiro sono subiu significativamente, acentuada-
mente até 65 dB(A). De 65 dB(A) a 75 dB(A) houve
discreta reversio: queda dos despertares € aumento do
tempo total do sono ¢ sono MOR (Figuras 1 e 3).
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Esta aparente melhora do sono a niveis elevados de ru-
ido parece ser devida a grande perda de audi¢éo por agdo
do reflexo do ouvido médio, cuja fungdo € proteger o
ouvido do impacto do ruido, mas desguarnece o orga-
nismo do sistema alternativo de vigilancia durante o
sono. Conseqiiéncia provavel ¢ que, entre 65-75 dB(A),
o paciente tem dificuldades crescentes de conciliar o
sono, pois o tempo para dormir subiu até 22 minutos,
provavelmente devido a ansiedade da inseguranca da
falha na vigilancia. Em niveis mais baixos de até 55
dB(A) o tempo para dormir quase ndo variou, ndo ultra-
passando 10 minutos, ndo mostrando reagdes por pe-
quenas perdas dos reflexos auditivos. Jé o efeito do ru-
ido branco de fundo, de cerca de apenas 40 dB(A) ao
nivel do ouvido dos neonatos, mostra eficacia de au-
mentar de 25% para 80% dos que dormem em apenas 5
minutos, para sonos tipicamente medulares, ndo cere-
brais (Spencer et al, 1970).

A baixa de qualidade do sono com o ruido pode ain-
da ser ligada com o seguinte:

1°) na forma de sensacédo subjetiva de ter mal dormi-
do, fator que se correlaciona significativamente
também com os micro-acordares e deve estar liga-
da também a perda dos sonos profundos, especial-
mente MOR,

2°) no aumento da sonoléncia diurna. A escala de
Stanford sinalizou uma variagdo significativa em
todos os horarios medidos, exceto as 14 horas, onde
provavelmente ja existia uma maior incidéncia
circadiana do ritmo bioldgico para a de sonoléncia
natural (Cipolla-Neto et al, 1988), além de outras
provaveis seqiielas ndo mensuradas como o aumen-
to de cansaco, perdas de concentragdo, de humor,
de criatividade etc.

Perturbacao do ruido “in situ” no sono

Nos arredores do aeroporto de Los Angeles nos EUA
os moradores tiveram um ganho estabilizado depois de
1 més de greve de 23% nos estagios III ¢ IV de sonos
profundos. De 23 as 6 horas, o nivel maximo de ruido
externo caiu de 71 para 51 dB(A) e o interno de 52 para
39 dB(A) (Friedman & Globus, 1974). O impacto de
ruido como o de avides tem adaptagao mais dificil, por-
que a 57 dB(A) de pico s6 25% da populagdo ndo tem

mudanga no EEG, mas a 70 dB(A) de pico com 50 dB(A)
na média 25% ja acordam segundo Lukas (1973; citado
por Vallet (1982). Mesmo a longo prazo ap6s um ano,
os moradores ribeirinhos do aeroporto Paris-Roissy ndo
se adaptaram, acordando a partir do pico de 44 dB(A)
no estagio II e do pico de 60 dB(A) nos sonos NMOR e
MOR, tendo 20% de superficializag¢do de estagios para
picos de 60 a 70 dB(A) segundo Vallet et al (1980; cita-
do por Vallet,1982).

Um nivel de 60 dB(A) de ruido de trdnsito causa
impacto de 25% de probabilidade para acordar uma pes-
soa, mas hd uma reducio a metade depois de 2 sema-
nas. Mudancas para estagios superficiais de sono come-
cam a partir de 35 dB(A), atingem ja 60% a 40 dB(A),
com picos de 65 dB(A) (Thiessen, 1980; citado por
Vallet, 1982). O aumento de despertares ¢ de duragéo
dos mesmos com nivel de ruido foi confirmado por
Muzet & Metz (1970; citados por Vallet, 1982). Este
dado € corroborado por Vallet (1982) pela queda de 39%
nestes estagios profundos de sono NMOR na popula-
¢do ribeirinha de uma autopista na Franca, com a varia-
¢do dos ruidos internos maximos de cerca de 47,5 dB(A)
para 57,5 dB(A) e médios de 25 para 45 dB(A). Perde-
ram ainda 16% do estagio V do sono (Tabela 2). Estas
constatagcdes mostraram que ndo ha habituagio ao ruido
mesmo em se tratando de individuos residentes no local
ha mais de 1 ano, resultando um envelhecimento em
relacdo aos sonos profundos de pessoas de em média de
35 anos para 50 anos. No meio calmo, de 25 dB(A),
antes da inauguracdo da autopista havia menores efei-
tos no EEG (9 contra 21) do que depois, apesar dos va-
lores dos picos para reacdo no meio calmo serem meno-
res do que no barulhento (Tabela 2).

Griefahn (1977; citado por Vallet, 1982) concluiu
que o impacto por unidade de ruido impulsional cres-
ce quando a freqiiéncia do ruido cai. Assim a partir 40
minutos de intervalo se atingiria o maior efeito indivi-
dual, em um lugar silencioso, sendo entdo recomenda-
do agrupar as poucas ocorréncias de ruido do que
separa-las. Quanto a v0os noturnos o numero minimo
de reagOes aparecem para nivel médio até 35 dB(A),
que era o nivel de bem-estar noturno recomendado pela
Organizagao Mundial da Satde (OMS, WHO, 1980),
conjugado a um pico maximo de 50 dB(A), e para um
nimero de voos até 15 por noite. Por outro lado, mos-
trou-se também que um nivel de ruido diurno elevado
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provoca um sono noturno pior, com maiores periodos
acordados, 11,9%, condizentes com baixa de
serotonina, e compensatoriamente sofrendo aumento
de sonos NMOR profundos para 29,3%, coerente com
maior necessidade de recuperagdo fisica e queda de
sono MOR para 22,6% (Vallet, 1982 et al, 1975; Vallet,
1982; Frustorfer et al, 1985). Por outro lado, noutra
experiéncia os individuos submetidos a 5 anos de ba-
rulho de cerca de 47 dB(A) no sono ¢ que depois se
mudam para outro quarto de 36 dB(A) tiveram um au-
mento de 19% de sono MOR Vallet (1982).

Os niveis de ruido encontrados nos hospitais de
Belo Horizonte em pacientes praticamente sdos, por
estarem em alta, em trabalho de Pimentel-Souza et al
(1996), foram comparados aos dados de diminuigdo
de estagios profundos de sono em pesquisas em labo-
ratorio na Italia de Terzano et al (1990), onde consta-
ram perdas de 28% e 12% dos estagios IIl e IV e de
21% e 14,1% do estagio V respectivamente ao nivel
de 55 e 45 dB(A) de média. Estas quedas dos estagios
I1I e IV, por estarem ligados ao repouso fisico, sdo con-
firmadas indiretamente pelos dados obtidos de maior
cansago ao acordar dos pacientes do Hospital das Cli-
nicas de 30,8% contra 4,7% no da Baleia, significati-
vamente diferentes, ¢ do estagio V, por estar ligado a
atividade intelectual, perdas de concentragdo de 23,1%
e 13,6%, para niveis de ruido médio de 53,7 e 45,5
dB(A) respectivamente durante a noite (Tabela 3). Os
numeros médios de despertares por noite de sono fo-
ram estatisticamente idénticos, 2,50 e 2,75 respectiva-
mente no silencioso e no barulhento, sendo pratica-
mente idéntico também o nimero de picos acima de
10 dB(A) sobre o ruido de fundo, 19 e 21, confirman-
do que o nimero de acordares se liga mais com a rela-
¢do sinal/ruido do que com o nivel médio (Carvalho,
1996). Os numeros de acordares nas cidades de baixa
polui¢do sonora na Europa, cerca de 1,0 por noite, ¢
significativamente menor do que encontramos em Belo
Horizonte (Janson et al, 1993).

Um dos mais silenciosos hospitais na periferia de
Belo Horizonte, dentro dum parque ecologico, rece-
bendo exclusivamente a barulho de atividades inter-
nas e devido ao mau projeto arquitetonico, generali-
zado no pais, estd no minimo 5,5 dB(A) acima do re-
comendado pela Associagdo Brasileira de Normas
Técnicas (ABNT, 1966) e 15,5 dB(A) pela nova re-

comendacdo da OMS (Bergland & Lindvall, 1995).
Isto significa que provavelmente nenhum hospital de
Belo Horizonte satisfaz as condi¢des sonoras ideais.
Os niveis sonoros noturnos dos dois hospitais nesta
cidade sdo bem superiores aos de 3 de Rennes, na
Franca, no mesmo periodo com 42, 32 ¢ 32 dB(A)
em média, 14 considerados incomodos por 91% do
pessoal, mostrando paradoxalmente enorme toleran-
cia ao ruido da populagdo de Belo Horizonte, como
alias no Brasil como um todo, apesar de acompanha-
das de sérios comprometimentos fisicos, mentais ¢
psicologicos, que podem estar passando despercebi-
dos por renunciarmos aos nossos direitos fundamen-
tais do ser humano. Estamos sujeitando a ser cida-
daos de segunda categoria, pois so 66,6 ¢ 33,4% res-
pectivamente dos pacientes em Belo Horizonte rela-
tam incomodo com nivel de ruido superior de cerca
de 22 e 13 dB(A) respectivamente aos de Rennes
(Soyer & Pichon, 1993).

As conseqiiéncias da queda de estagio V, onde ocor-
re a maioria dos sonhos, poderiam ser melhor estuda-
das na pesquisa em hospitais em Belo Horizonte. Mas,
ja se pode perceber em parte o prejuizo, pois além de
acordar sem concentragdo, ocorre também: menores:
prazer em dormir, recorda¢do de sonhos e pensamen-
tos influenciados pelos sonhos. E dificil de se tirar
maiores conclusdes nesta amostra de pacientes de hos-
pital por terem nivel de escolaridade baixa, 80% s6
com primdrio completo ou incompleto, e ndo exerce-
rem ocupagdo intelectual. Mas se for solicitado desem-
penho nesta area, certamente sera insuficiente, pois as
atividades cerebrais parecem nio terem sido bem re-
cuperadas pela queda de duragdo do estagio V. As fun-
¢Oes psiquicas também devem ter sido afetadas e sdo
ainda mais dificeis de avaliar (Tabela 3).

Nos hospitais em Belo Horizonte, constatamos ain-
da que o ruido perturbou diretamente o sono de 69,2%
dos pacientes no Hospital das Clinicas contra 31,8%
no da Baleia, sendo as porcentagens de 31% e 0% res-
pectivamente relacionadas especificamente ao ruido de
transito, significativamente diferentes. Nas Clinicas,
61,5% dos pacientes acordaram ainda nao satisfeitos
com o sono, quercndo dormir mais, apesar de terem
uma duragdo de sono 30 minutos maior do que na Ba-
leia, onde cai para 27,3% os que queriam dormir mais,
dados significativamente diferentes. Enfim, num total
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Acardar mais cedo-

Acordar mais tarde

Acordar cansado _
Acardar sem concentragao ]
Acordar precocemente s/ consegusr dormlr ._ :
Acordar por ter sido perturbado : W ‘
Disturbio do sono pf desadaptagao as acomodas;oes T
Disttirbio do sono pl cuidados médicos

Distarbio do sono p/ barulho

Distarbio do sono p/ doengas orgénicas

Disttirbio do sono p/ presenca ou atencgéo a outra pessoa
Distarbio do sono p/ problemas psicologicos

Distarbio do sono p/ dormir durante o dia

Existéncia de acordares noturnos

Falta de rotina p/ preparar p/ dormir :

Laténcia maior do que 20 min p/ dormir i
Necessidade de dormir mais pen

Nao estar calmo bastante na hora de dormn' - _' :

Prazer em dormir

Recordacdo de sonhos

Pensamentos influenciados pelos sonhos :

27.3
o 318

4.6

13,6
213

31,8

36,4

31,8
18,2
9.1
9.1
50,0
86,4
221
40,9

T3

19,1
63,4
18,2
14,3

-38,5°

- 38,56
30 g*

oo

385
46,2
15,4
53,9
69,2*
46,2
38,5
308 Tabela 3. Aspectos do sono, direta
61, S. : ou indiretamente ligados ao ruido,

em percentagem de pacientes em
A2.2 alta. Num hospital mais simples,
_38'5 porém silencioso, todos itens foram
Bhs mais favoraveis do que num
615" | hospital de melhor infra-estrutura,
30,8 porém barulhento, segundo
23,1 Pimentel-Souza et al (1966).
15,4 *diferente significativamente do
9.1 hospital silencioso.

de 21 aspectos dos disturbios do sono, direta ou indi-
retamente afetados por barulho, todos foram piores nas
Clinicas do que na Baleia, apesar de ser um hospital
de instalagdes bem melhores, mostrando que o ruido
neutraliza a melhor infra-estrutura e a mais qualifica-
da equipe técnica. O prolongamento do sono nas Cli-
nicas nada resolveu, pois o sono era comprometido pela
pior qualidade, deixando o paciente com mais vontade
de dormir, mais perturbacdo ao acordar, muito menos
prazer em dormir, mais perturbado com outros inco-
modos (doenga organica, cuidados médicos, presenca
ou atengdo a outra pessoas, problemas psicolégicos) e
com menos desfrute dos sonhos, piorando para alguns
com acordar mais precoce (Tabela 3). Os danos sutis
da poluig@o sonora no sono devem atingir a maioria
dos hospitais, residéncias e escolas da regido metro-
politana de Belo Horizonte, e se pode estimar a exten-
sdo do dano epidemiologico por estar a maioria dos
niveis de ruido da cidade compreendidas entre os ni-
veis desses dois hospitais e certamente valendo para a
maioria das zonas urbanas do Brasil e provavelmente
também em grande parte para o barulhento 3° Mundo
industrializado e urbanizado.

Niveis recomendados de ruido para dormir

Jaem 1981, Vallet (1982) demonstrou que um indice
da qualidade fisiolégica para o sono, combinando o tem-
po total de sono, duracéo de estagios profundos III, IV e
V e tempo passado despertado, so era preservado abaixo
de nivel médio de 40 dB(A) para ruido de transito. Jun-
tando-se ao incdmodo e mudangas de estagios por ruido
de vbos de avides este valor caia para 35 dB(A). Vallet
(1982), dando origem a primeira recomendagdo da OMS
de que o nivel médio (Leq) de ruido para sono de quali-
dade deveria ser no maximo de 35 dB(A) (WHO, 1980).

O ruido “in situ” é mais prejudicial & qualidade do
sono por possuir, associado a um nivel de fundo, valo-
res impulsionais elevados. Estabeleceram entdo dife-
renciacdo dos indices de incomodo e de despertar, ba-
seados na relacdo ruido de pico em relacdo ao de fun-
do. Em conclusdo, o ruido em pico desperta e incomo-
da mais quando o ruido de fundo é menor, sendo aba-
fado seu efeito quando o ruido de fundo ¢ maior, mas
ai ja se nota uma perda de qualidade pela
superficializa¢do do sono sem despertar (WHO, 1980;
Alvares & Pimentel-Souza, 1992).




Revista de Acustica e Vibragoes - n° 25 - Julho/2000

Pesquisas mais recentes revistas para a OMS che-
garam a conclusao que os niveis de ruido nos quartos de
dormir deveriam ser ainda 5 dB(A) mais baixos em re-
lacdo a recomendacdo anterior, portanto média de 30
dB(A), valor continuo, e maximo de 45 dB(A) de pico
(Bergland & Lindvall, 1995), baseados em trabalhos
como de Terzano et al (1990). Estes sdo valores que
deveriam servir de referéncia para a jurisprudéncia do
codigo civil, direito de propriedade, das leis de contra-
vengdes penais ¢ ambiental no Brasil, para garantir ao
cidaddo o direito a tranqgiiilidade no lazer e no trabalho
(Muller, 1956; Oliveira, 1995) e para estabelecimento
de legislagio municipal pertinente ¢ normas expedidas
pelo IBAMA, introduzindo conseqiiéncias punitivas in-
termediarias, como multas crescentes, para garantir re-
cuperagdo fisica, mental e psicoldgica, condigdes ne-
cessarias para potenciar devidamente a capacidade do
cidaddo para o trabalho modemno.

PERTURBACAO DO RUIDO NO
HOMEM ACORDADO

Alteracoes das fungoes mentais e
psicolégicas pela invasao do ruido

As condig¢des da consciéncia humana do homem acor-
dado sdo dependentes do ruido, retirando a concentragio
em si, a introspec¢do no EU, distanciando o homem de si
mesmo. O ritmo frenético da vida moderna torna o ho-
mem cada vez mais agitado, levando-o a condigio de ndo
mais perceber a superficialidade em que ficou reduzido.

A principal razdo dessa tendéncia de saturagdo do
ruido nas cidades modernas deve-se ao principal vildo
da polui¢do sonora: o trafego de veiculos automotivos.
Cada carro de passeio ¢ uma fonte emissora de cerca de
70-75 dB(A) a 7 metros. Na medida que o trdnsito é
baixo, a passagem de um carro d4 um impulso transito-
rio daquele nivel, mas se o trafego se torna continuo e
emprisonado por pareddes refletores, em que se con-
verteram nossas vias publicas, o nivel de ruido tende a
ser quase estavel em torno de 70-75 dB(A), tornando-se
maior com o adensamento do transito. Por outro lado,
os ruidos impulsionais dos aparelhos eletroacusticos e a

musica ao vivo estdo contaminando nossos habitats,
sobressaindo mais no periodo noturno sobre um menor
nivel se ruido de fundo.

Danos a comunicacao oral e a audicédo

Nesta era materialista, as informacgdes tomam um
caminho unidirecional: da Midia para o cidaddo em es-
tado de consciéncia acordado, alimentado predominan-
temente pelo sentido visual. Esse detém 90% dos ca-
nais para o cérebro, carreando enorme quantidade de
informagdo, multiplicada ao extremo pelas Midias mo-
dernas, mas sendo demasiado inoperantes na
interatividade entre os individuos, seu calcanhar de
Aquiles, pois faz do homem um ser passivo, apenas re-
ceptaculo. A polui¢do sonora se torna um inimigo sutil
ou quase imperceptivel da comunicagao oral, pois o som
¢ visto por muitas pessoas apenas como uma onda que
passa. Ndo se percebe como o ruido invade a audi¢do,
ocupa nosso cérebro, ativando ¢ monopolizando-o, che-
gando a reduzir drasticamente o poder de comunicacao
oral e de reflexio das pessoas.

A intensidade de ruido acima do nivel 60 dB(A) ja
ultrapassa 5 dB(A) a fala civilizada, comegando a mer-
gulhar a voz educada, no caos sonoro, € o0 ouvinte, em
disturbios de aten¢fo e de concentragdo. A inteligibilidade
de 100% de palavras faceis exige excessiva intensidade
da voz acima 10 dB do ruido de fundo, que em nossas
cidades usualmente passam de 70 dB(A). Com isto po-
dem ser estressadas as cordas vocais ¢ incompatibilizar
as boas condigdes de concentragdo, de introspecgdo, de
serenidade etc para atividades mentais e psicologicas de
quem conversa. Em um ambiente mais barulhento ainda,
as pessoas devem se contentar em entender apenas 50%
das mensagens nas conversas, cujo conteiido passa a ser
apenas uma mera formalidade vazia, chamada na giria
brasileira de “troca de figurinhas”, necessitando ainda
intensidade da voz superar no minimo o ruido ambiente
de 3 dB(A) (Moch, 1985; Lambert, 1992). Em resumo, o
homem moderno urbanizado pode ficar insensivel ao ex-
cesso de informacdo se perder a sensibilidade auditiva,
temporariamente pelo reflexo protetor do ouvido ou de-
finitivamente por lesdo das células ciliadas, resultando
em prejuizo da comunicagdo oral por tornar a fala
ininteligivel ou inacessivel com graves repercussoes
cognitivas e psicomotoras.
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Perda auditiva permanente, muitas vezes superior a
20 dB(A) sobre pelo menos uma freqiiéncia critica, é
observada definitivamente em aposentados até jovens,
desde que passadas varias horas diarias por cerca de 15
anos vividos em ambientes de mais de 85 dB(A), mas as
vezes ocorre pior em adolescentes pelo uso inadequado
de “walkman”, participagdo em orquestras etc. Uma
fonoaudiodloga britanica relatou que mais de 1 hora de
assisténcia a televis@o por dia pode perturbar seriamente
a aprendizagem de crianga até 3 anos. A mensagem acus-
tica em um ambiente barulhento deixa de ser um som
distinto para se perder no caos sonoro. Desta forma gene-
raliza-se a forga a desatenc@o na comunicacio oral indi-
vidual em beneficio da visual de massa, além da perda
gradual ou subita da audicdo (MRC, 1985; Thiery &
Meyer-Bisch, 1988; Vacheron, 1993; Buffe, 1993).

O nivel médio dos fones de ouvido encontrado na
Inglaterra em 1984 foi de cerca de 83 dB(A) e de ruido
das discotecas de 90 dB(A), este ultimo acarretando 0,5%
de perdas auditivas permanentes de 18 dB(A) nos ou-
vintes de somente 2,3 horas de duracdo. Isto aumenta o
contingente de surdos na Inglaterra de 30 mil por ano.
Entre os musicos de orquestra foi encontrado de 33% a
70% de perda da audi¢gdo (MRC, 1985). Mas no Brasil,
como ndo ha controle para o consumidor, presume-se
que estes niveis sejam bem maiores. Os niveis de ruido
nas regioes residenciais, hospitalares ou escolares, vizi-
nhas destas atividades barulhentas deveriam ser respei-
tadas nas suas prescrigdes por questoes de saude pre-
ventiva, a curto e a longo prazo. Por isto, aquelas ativi-
dades ocasionais deveriam ser obrigadas a se isolarem
acusticamente, limitarem seus niveis internos ou serem
desenvolvidas em lugares ermos como foi no concerto
de rock Woodstock em New York.

Bontinck & Mark (1977) citam que “uma pessoa de
80 anos que viva na Africa Central tem a mesma capa-
cidade auditiva de um nova-iorquino de 18 anos”, pois
esta mergulhada numa paisagem silenciosa mais natu-
ral ao homem, que predominou na Terra ha milhdes de
anos até meados do século XIX, quando houve a erup-
cdo da era industrial nas cidades. O DNA do gene hu-
mano teve seu retoque final neste longo periodo e a inér-
cia de sua transformacdo natural ndo permite mudancas
subitas para gerar insensibilidade seletiva ao som, a ndo
ser pela engenharia genética, que nio ousaria perpetrar
esta ousadia sob pena de gerar monstros humanos. Por

isto que Glorig propde a substitui¢do do termo
“presbiacusia”’ pelo de “socioacusia”, tendo em vista
que a perda auditiva com a idade ¢ tipica da sociedade
industrializada e urbanizada.

Os niveis de ruido diurno, igual ou acima de 65
dB(A), de alguns paises da Europa sdo considerados mais
criticas, e em média s6 afetavam menos de 5% da popu-
lagdo, mas em Belo Horizonte, cidade medianamente
barulhenta entre as metrépoles da maioria das cidades
do 3°Mundo industrializado e urbanizado, atingem mais
de 95% da populagdo. Ora, considerando uma isolagio
acustica de 10 dB(A), este ruido ressoaria no interior
das habitacdes no limiar do desconforto auditivo, 53
dB(A), (Alvares & Pimentel-Souza, 1992, Laboratorio
de Psicofisiologia, 1997; Pimentel-Souza, submetido).

Enquanto isto, no 3° Mundo industrializado continua-
se a deteriorag@o urbana pelo crescimento populacional,
que em muitos casos ultrapassam as do 1° Mundo, sobre-
tudo apds a 2a. Guerra Mundial, e perda acentuada da
qualidade de vida. Oito das dez ou 27 das 40 maiores
megalopolis do Mundo sdo terceiromundistas. A polui-
¢do sonora parece ser a mais sutil e traigoeira, pois lem-
bra Schafer (1977): “Espago actstico ndo é espaco visual
ou fisico. Ndo se pode possui-lo, ou demarca-lo num
mapa. E espaco compartilhado, possessdo comum, de
onde todos os habitantes recebem sinais vitais. Pode-se
destrui-lo facilmente, produzindo ruidos irrefletidos ou
imperialistas.” Mais adiante: “Um habitante das redon-
dezas pode descobrir que esta compartilhando scu quarto
ou jardim com a industria acronautica internacional...”. E
evidente que um habitante dum pais terceiromundista,
industrializado e urbanizado por maiorias mudas, conta-
minadas por barulho, passam por sua vez a serem baru-
Ihentas, por se tornarem insensiveis também. E todos,
independentes de suas necessidades ou desejos, vém-se
obrigados a compartilhar de todas as mazelas e maus gos-
tos de seus vizinhos, ficando susceptivel as perturbacdes
de sua vida intima e interioridade e sendo impedidos de
crescerem e de amadurecerem mesmo nas horas de lazer.
O problema ¢ agravado nos edificios de apartamentos,
residéncias apinhadas e construidos sem a menor preo-
cupacao de isolagdo acustica e cujo 6nus excessivo para
1solagdo acustica torna impraticavel a sua recuperacéo.
Por outro lado, discotecas, saldes de festas, “shopping
centers”, restaurantes etc levam ao “inferno acustico”, de
80-90 dB(A) ou mais, as pessoas, embaladas vaidosamen-
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te no aspecto negativo do consumismo e boemia moder-
nista terceiromundistas, prejudicando as transformagoes
sociais (Tabela 4; Bontinck & Mark, 1977; Baring,
1988a,b,c,d; Girardet, 1992).

Disturbios fisicos e mentais, estresse,
desequilibrio hormonal e conseqiiente violéncia

O barulho transitorio a partir de 35 dB(A) ja pro-
voca reagdes vegetativas, que a longo prazo e em ni-
veis mais elevados, a partir de 70 dB(A), se convertem
permanentemente em hipertensao arterial, secregio ele-
vada de catecolaminas e de hormdnios corticosteroides

¢ adrenocorticotroficos, ulcera péptica, estresse,
irritagdo, excitacdo maniaco-depressiva, arteriosclero-
se, infarto (Tabela 4; Cantrel, 1974; WHO, 1980; Rai
et al, 1981; Vacheron, 1993; Babisch et al, 1993;
Pimentel-Souza, submetido).

Nas fabricas misturam-se marteladas pneumaticas
¢ mecinicas com rotagdo de pegas; € no lazer de restau-
rantes e de casas noturnas expande-se o estardalhago
pela noite a dentro, agredindo violentamente o ambien-
te acustico das zonas residenciais. Inviabiliza o silén-
cio, criando um barulho de fundo sem trégua, agora in-
vadindo o cérebro dia e noite. Tudo isto descontrola o
ritmo biologico do homem, tornando-o excitado, agres-

20 Ambiente natural, sussurrar da brisa, canto suave de
passaros (Bontinck & Mark,1977)
30 |Ambiente de aldeias (Nava, 1958)
35
40 Indicado para salas de aula e de hospitais (Berglund &
~ |Lindvall, 1995)
1 50 Ruas trangtiilas sem tréfego {(Nava 1953)
B : Ltmtte para musica de fundo
5% Limite indicado para patios escolares (Berglund &
: Lindvall, 1995)
| i 65
. Ruas de trafego bem intenso até cerca de 1000 veiculos
| 70 |hora (vph) (Alvares & Pimentel- Souza 1992; Gazolla DA

- et al; 1998aeb)

Média impulsos em: corredores de transito intenso acima
: de 5000 vph, ambientes industriais, arredores de
80 aeroportos, saldes com musica (Moch, 1985, Alvares &

: Pimentel-Souza, 1992; Gazolla DA et al, 1998 a e b)
fone de walkman (MRC, 1985) e interior de onibus
silenciosos (Lambert, 1892)

85 limite do Ministério Trabalho para Jornada 8 horas
(Fantassini et al, 1985)
-1 90 |nivel médio em discotecas (MRC, 1_985)__
. |média com impulsos: buzinas de carros € em musicos de |
100 |orquestras. Interior: de dnibus barulhentos e oficinas de
~ |lanternagem (MRC, 1985) =
120 |interior de caldeiraria e martelo pneumético (MRC, 19'8'5)'

_ mental e a vida saudavel com trangtilidade

© 11990, Berglund & Lindvall, 1995)
“Iinicio lncﬁmodo_ no sono (Berglund & Lindvall, 1995)

{MRC, 1985; Thiery & Meyer-Bisch, 1988, Lambert,

~ INivel da fala de pessoa civilizada (Moch, 1985)
“|INICIO DO ESTRESSE DEGENERATIVO, infarto e

indicado para meditagao, intimidade, concentragdo

LIMITE DE SONO DE QUALIDADE (Terzano et al,

LIMITE DO CO_NF_ORTO AUDITIVO,

INICIO DO ESTRESSE LEVE, que excita o sistema
nervoso auténomo simpatico, produzindo desconforto
auditivo, maior vigilancia e agitacao (WHO, 1980;

1992)

anestesia por morfina endégena (Selye, 1954; Moch,
1985, Babisch et al, 1993); nivel de fala poluida por
ruido e limite da inteligibilidade na conversa
(Fanttssm: et al, 1985) :

LIMITE PARA INfCIO DE DANOS AUDITIVOS (MRC
1985; Thiery & Meyer-Bisch, 1988 )

SURDEZ NEURAL, DOR LIMIAR NO OUVIDO, LESAO
DAS CELULAS CILIADAS (MRC, 1985)

Tabela 4: Reagdes fisiologicas corelacionadas com niveis de ruido ambientes
Fonte: Pimentel-Souza, Efeito do ruido no homem dormindo e acordado, SOBRAC-2000, Belo Horizonte — MG, 15-19 abril de 2000
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sivo e maniaco, levando-o freqiientemente & depressio
em carater epidemiologico crescente, que ja atingiu mais
de 20% da populacao dos EUA e cujas conseqiiéncias
ainda hoje mal podemos avaliar (Bontinck & Mark,
1977, Branddo & Graeff, 1993; Ludermir, 1995;
Goleman, 1995; Pimentel-Souza, submetido).

As informagoes externas entram no cérebro, se diri-
gindo para o polo frontal, da racionalidade, onde ¢ pro-
cessada. Ai estd conectado a uma rede neuronal de
retroalimentagdo, que controla o excesso, atuando como
mecanismo de auto-prote¢ao e salubridade, eliminando
informagdes pouco assimilaveis, de pouco contetdo,
caotizadas, visuais, emocionais etc, sobretudo fora do
contexto. A sobrecarga deste circuito pode levar a uma
espécie de esquizofrenia, reduzindo drasticamente a ca-
pacidade interpretativa do cérebro (Floru et al, 1987;
Brandao e Graeff, 1993; Goleman 1995; Pimentel-Sou-
za, submetido).

Hoje nos paises desenvolvidos, apos uma euforia de
crescimento, hd uma tendéncia 4 diminuigdo da popula-
¢do urbana e controle mais rigido e programado da quali-
dade de vida, garantindo ao ser humano melhores rendi-
mentos nos trabalhos fisico, mental e psicologico (Floru
et al, 1987). Um esforco para melhoria da qualidade de
vida em toda a Franca fez cair o incomodo em geral na
habitagdo, de 70% para 34% na década 1976-86, man-
tendo sempre o ruido como o principal agente agressor
com 79% das queixas em 86, do qual a principal fonte
era o transito com 55% (Maurin & Lambert, 1990). Mes-
mo assim os impactos no ritmo social e na estrutura da
familia estio ameacando o bem-estar ¢ levando a maioria
das pessoas a conflitos crescentes nos EUA, onde mais
de 25% ja sofrem de ansiedade, exportando para o mun-
do globalizado. Por necessidade de desempenho para man-
ter a saide, o horario de ir para a cama a noite € quase
sagrado no 1° Mundo, mas no 3° Mundo a situacdo se
agrava pela mentalidade libertaria e boémia, condenan-
do-nos ao subdesenvolvimento ¢ & insalubridade
(Ludermir, 1995; Pimentel-Souza, submetido).

Selye (1954), o descobridor do estresse, mostra sua
multipla origem, tendo em comum tudo que ameaga a
vida. Henry (1993) revisou que a rea¢@o hormonal no seu
primeiro nivel comeca com libera¢do de noradrenalina,
num segundo estagio adrenalina, que sdo os hormonios
da violéncia e do medo respectivamente. Em um 3° esta-
gio liberam-se glicocorticoides, que levam a inibigao das

gonadotrofinas e oxitocinas, afetando a persisténcia, com-
portamentos sociais e sexuais, ainda provocando a de-
pressdo psicologica, a deficiéncia imunologica, a desin-
tegragdo orgdnica, 0ssea, muscular etc (Cantrell, 1974;
Pimentel-Souza, 1992; Stanfeld, 1993; Pimentel-Souza,
submetido). Cantrell (1974) observou aumento de libera-
cdo de 25% de colesterol e 68% de cortisol em jovens
submetidos a ruidos de fundo de 50 e 70 dB(A), respecti-
vamente a noite e de dia, com picos de cerca de 85 dB(A)
s0 a 3% do tempo. J& Rai et al (1981) observaram em
trabalhadores submetidos a jornadas de trabalho de cerca
de 7 horas em ambientes de cerca de 97 dB(A) aumentos
de 46% no colesterol livre e 31% no cortisol. Isto signifi-
ca que pelos niveis de ruidos urbanos do 3° Mundo seus
cidaddos estdo “ingerindo muita gordura e outros vene-
nos pelo ouvido”, sujeitando-se a sérios disturbios
hormonais, que se operam na “surdina”, pois seus efeitos
se revelam a médio e longo prazo e ndo sdo evidentes
como um “raio da morte”, abatendo de imediato a viti-
ma. Isto ¢ confirmado por Babisch e cols (1993) ao de-
tectarem aumento de 20% de infarto de miocardio em
regioes de Berlim com ruido acima de 70 dB(A) de mé-
dia. A questdo no 3° Mundo parece mais grave, pois, por
exemplo, cerca de 80% da populagdo de Belo Horizonte
que habita provavelmente esta regido de maior densida-
de habitacional, situada do amarelo ao vermelho no Mapa
Acustico do Laboratério de Psicofisiologia, UFMG (1997)
estdo submetidos no periodo diario a ambientes acima
de 70 dB(A). Dai pode-se estimar entdo 800 mortes si-
lenciosas ¢ graduais devem estar ocorrendo por ano so
devido ao ruido dentre as 5000 constatadas pelo IBGE
em 1990, devido a arteriosclerose em geral (Pimentel-
Souza, submetido).

O mais traigoeiro ocorre em niveis moderados de
ruido, porque mansamente vdo se instalando estresse,
disturbios fisicos, mentais e psicologicos, insdnia e pro-
blemas auditivos. Muitos sinais passam despercebidos
do proprio paciente pela tolerdncia e aparente adapta-
¢do ¢ sdo de dificil reversdo. Muitas pessoas, perdidas
no redemoinho das grandes cidades, ndo conseguem
identificar o ruido como um dos principais agentes
agressores €, cada vez mais, menos o sentem, ficando
desorientados por ndo saber localizar a causa de tal mal.
Por isso nada se faz e vive-se sob o impacto de uma
abusiva, portanto ruidosa mecanizagio e sonorizagio
eletronica, de ambientes fechados ¢ abertos.

[rem——
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Nao se avaliam devidamente os efeitos somados pela po-
lui¢do sonora por desconhecer os trabalhos cientificos,
por ndo arrolar provas suficientes de convencimento, por
nao se poder captar a causa pelos proprios olhos, nesta
era considerada de predominio visual, ¢ por ter-se torna-
do insensivel ao dano na comunicacao verbal e na satude.
Esta colocado o enigma da civilizagdo moderna: ou se
decifra ou se € devorado por ela (Pimentel-Souza, 1992).

Por outro lado, o estresse elevado chega até a libera-
¢do de endorfinas, propiciando prazer facil e
insensibilizagdo das pessoas pelo efeito anestésico das
proprias agressdes orgdnicas, a ponto de ficarem baru-
lho-dependentes pela liberagdo no cérebro de drogas psi-
cotropicas. Tem-se o inicio a 55 dB(A) pelo efeito da
noradrenalina, substincia basica das anfetaminas, e al-
canga a 70 dB(A) a liberagdo de morfina endogena, cri-
ando situagdo precursora de uso externo de drogas psico-
tropicas (Tabela 4;WHO, 1980; Graeff, 1984). Enquanto
isto, o confuso e ignorante 3° Mundo industrializado,
mergulhado em problemas de sobrevivéncia, ndo atina
que o ponto estratégico para o melhor investimento ¢ cul-
tural-educativo, para o qual a qualidade de vida ¢ essen-
cial para preparar o recurso humano para a maior produ-
tividade moderna. Ficamos embalados no espoucar do
carnaval e futebol, que vdo tomando o ano inteiro, ¢ a
boemia, que atrai nossos jovens e outros zumbis pela noite
a dentro, alienando-os de encarar na vida a busca de uma
alegria mais saudavel, ndo se traduzindo em realiza¢do
moderna (Pimentel-Souza, submetido).

O qué acontece com a pessoa que ¢ constantemente
excitada no seu sistema nervoso simpéatico? Primeiro,
esta reacdo ¢ um sintoma duma agressdo do meio da
qual o organismo se defende. Em se tratando de ruido
ambiente, ndo se materializa a figura do agressor. Por-
tanto, desenvolve-se, além do medo, a ansiedade. Isto
¢, a0 mesmo tempo que a pessoa prepara-se para se de-
fender ou atacar um inimigo virtual, ela sente-se deso-
rientada para tomar iniciativa. As situagdes acima sdo
caracteristicas duma virtual tolerdncia, ao desconhecer
todo o processo interno, mas apoiando pelo “Superego”
do Senhor do Engenho, magistralmente descrito pelo
socidlogo Gilberto Freire, em Casa Grande e Senzala,
nos escravizam até hoje. Certamente isto sdo marcos da
personalidade historica do brasileiro, que levaram Ma-
rio de Andrade em 1926 a descrevé-lo como Macunaima,
her6i sem carater e surrealista, ¢ Sérgio Buarque de

Holanda, como o “homem cordial” em 1946. De 14 para
ca as condicdes de qualidade de vida do brasileiro pio-
raram com as urbaniza¢des macigas; mais de 70% da
populagio vivem amontoadas em cidades; cercadas por
uma industrializacdo selvagem e uma favelizagio desu-
mana. Assim o que se pode esperar ¢ o aumento da ten-
sdo fisica e psicologica, capaz de torna-la ainda mais
ansiosa e fragmentada, esquizofrénica mesmo.

A impoténcia de agir diante duma agressdo leva a
neurose, conflitos retidos e prontos para desabar sobre
o primeiro sinal que tenha aparecido, recebendo
indevidamente no primeiro estimulo uma carga exces-
siva de reatividade, podendo se tornar completamente
sem nexo. Esta acesa a fagulha do conflito social, o mal
humor, as agressdes mutuas, a violéncia etc, que
campeiam pelas nossas cidades inchadas, pois fomos
embalados no mito idiota de que “Deus ¢é brasileiro”
(WHO, 1980; Kandel, 1985; Maurin & Lambert, 1990;).

Pesquisas constaram que pessoas que afirmaram ndo
serem perturbadas pelo barulho perderam inconsciente-
mente eficiéncia e inversamente as que se diziam pertur-
badas mantiveram seus rendimentos sofriveis. De fato,
aumentando de 55 a 85 dB(A) o nivel do ruido branco
faz-se elevar a freqiiéncia cardiaca, a taxa de excrecao de
adrenalina, as perdas em desempenho em tarefas de cal-
culo, os aumentos de erros, os retardos nas repostas e nas
conclusdes, as restrigdes no campo visual, capacitando-
nos apenas para tarefas mais simples (Floru et al, 1987).

Entretanto, o estresse, assim como o proprio ruido, ndo
podem ser considerados simplesmente nocivos. Sabe-se
que o estresse leve aumenta a atengdo € vigilia da pessoa
acordada, sendo portanto 1til na produtividade econémica
e evita danos de desatengio, tdo cara ao sistema econdmi-
co neoliberal em expansdo no mundo (Selye, 1954; Floru
et al, 1987, Rodrigues & Gasparini, 1992). O siléncio ex-
cessivo pode ndo contribuir para a produtividade econd-
mica de uso intensivo da méo de obra, pois torna todo som
mais perceptivel, podendo mesmo dispersar atengdo, fi-
xando o interesse noutra fonte impulsional mais audivel,
ou precipitar depressao no individuo ja viciado em baru-
lho pela sindrome de abstinéncia, embora possa despertar
o a criatividade e a percepcdo das coisas que entram em
consideracio para a solugdo de problemas.

Mas, o trabalho qualificado torna-se cada vez mais
intelectual e dependente de siléncio para exercé-lo com
proficiéncia e para preparar a concentragdo mental e
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equilibrio psicologico, inclusive pelo sono bem dormi-
do (Pimentel-Souza, submetido). A musica meloddica,
administrada adequadamente conforme a situa¢do, am-
biente e nivel de intensidade pode levar pessoas a um
¢xtase salutar, em algumas horas em salas de concerto,
devidamente separadas e isoladas ou em consultorios
ou clinicas terapéuticas, ajudando na evocacio de emo-
¢des sob controle, para serem usadas em processos
terapéuticos e preventivos do estresse. E sabido que os
monges budistas, que desenvolvem muito o auto-con-
trole, procuram de preferéncia as montanhas por serem
areas de ambiente rural particularmente silenciosas
(Guilhot ct al, 1984; Halliday & Resnick, 1991).

E preciso também pér um limite na incidéncia do
estresse sem trégua, mesmo para o trabalhador bragal,
sem o qual o homem ¢ levado as fadigas fisica e mental,
a falta de humor, a exaustdo de suas forcas até perder o
sentido da vida. Eventualmente, numa intensidade ful-
gurante, uma ciclitimia enlouquecedora ¢ capaz de abaté-
lo subitamente com aumentos da agitagdo, erros, difi-
culdade de aprendizagem, acidentes, agressividade, as-
saltos, violéncia, assassinatos, falta de concentracio
mental etc (Pimentel-Souza, submetido). Rio de Janei-
ro e Sdo Paulo, apesar do mito da bonomia brasileira,
corroboradas pelo altissimo nivel de ruido, ja ultrapas-
sam em criminalidade New York, tradicionalmente co-
nhecida pelos crimes nos sindicatos e da mafia.

O mesmo também pode-se dizer de outras cidades
terceiro mundistas barulhentas, sem poder dizer exata-
mente qual € a causa e qual ¢ o efeito, pois todos
interagem positivamente nesta dire¢dao (Selye, 1954;
Goleman, 1995; Pimentel-Souza, submetido). Neste
cenario, embora empobrecedor da percepgdo, ¢ com-
preensivel o uso de musica melddica de fundo com si-
nais pouco impulsivos, cujo nivel ndo deve ultrapassar
50 dB(A), para otimizar a producdo ou efeitos evocativos
agradaveis sem desconcentrar (WHO, 1980; Schafer,
1977). Nesta linha deve-se evitar o nivel de estresse leve
permanente, que estimula o sistema nervoso simpatico,
acarretando sérios prejuizos ja a médio prazo. Com a
expansao da aparclhagem eletroacustica, a sonoridade
das cidades transformou-se em um mundo inteiramente
novo para as geragdes de seres humanos contempora-
neos, cujos maleficios o 1° Mundo consciente procura
limitar e o 3°, ignorante e impotente, com sua sofregui-
ddo agrava o sofrimento humano.

Niveis de ruido recomendados em vigilia

“Satde” tem sido definida pela OMS como “um es-
tado de completo bem-estar fisico, mental e social, e ndo
somente a auséncia de doenga ou enfermidade” (Berglund,
1991). Enquanto isto os dados cientificos sdo as referén-
cias minimas mais seguras para o cumprimento de juris-
prudéncia das leis de tranqilidade na residéncia, de con-
travengoes penais no Brasil, que visam assegurar ao ci-
daddo o direito a trangiiilidade no lazer e no trabalho
(Muller, 1956; Oliveira, 1995) ¢ para o estabelecimento
de legislagdo municipal, uma vez que outras pessoas mais
sensiveis ou debilitadas estdo em condigdes piores. Faz-
se necessario conseqiiéncias punitivas mais aplicaveis,
como multas crescentes para viabilizar nossa liberagdo
do caos e do mal-estar, diante do “jeitinho” brasileiro da
irresponsabilidade da desconsideragao e da ilegalidade.

Admite-se para o periodo diurno niveis mais eleva-
dos nas residéncias e escritorios, que ndo deveriam ul-
trapassar 50 dB(A). A partir de 55 dB(A) comega-se a
ativagao nervosa auténoma simpatica, com todos os in-
convenientes a partir da pressdo do estresse leve, pela
ativagdo permanente do sistema reticular ativador, man-
tendo-se o ser humano preocupado sem uma razio e com
agitacdo motora estéril, afetando o sistema nervoso cen-
tral como um todo. Mas, adotam-se utilitariamente ni-
vels iguais ou acima de 55 dB(A) para pressionar ope-
rario a produzir ou o cliente a comprar, o que de forma
alguma deveria ser feito sem seu consentimento (WHO,
1980; Berglund & Lindvall, 1995).

Ja nas atividades de lazer de concertos em salas ou
ao ar livre e discotecas recomenda-se que o nivel médio
(Leq) ndo ultrapasse a média de 90 dB(A) por 4 horas
de audiéncia ao nivel do espectador. A descontragdo do
ouvinte deve provocar menos maleficios do que num
ambiente de trabalho. Para evitar lesdes auditivas de
ruido impulsivo com armas de fogo ou brinquedos, tan-
to 0s executores como os espectadores ndo devem ser
expostos a mais de 140 dB(A) de pico, mesmo assim
munidos de protetores auriculares.

A reverberagdo excessiva nas catedrais medie-
vais, de 5 a 10 segundos, exigia que a comunicagdo
fosse transmitida pelo canto lento, como o
gregoriano, invés de melhor articulada, para nao se
atropelar os fonemas, dificultando o entendimento.
As pequenas capelas encorajaram o aparecimento da
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musica barroca mais agil e adaptada a reverberagdo
de 1,5 segundos. As musicas sinfonicas ja foram
compostas para produzir um pequeno efeito de mis-
tura de notas anteriores as que estavam sendo exe-
cutadas, por isto que as salas de concertos optaram
por um tempo de reverberagdo maior de 1,7 a 2 se-
gundos. Nas salas de aula os niveis de ruido ndo
deveriam exceder 35 dB(A) e prioridade deveria ser
dada ao tempo de reverberagido de 0,6 segundos para
se obter maior inteligibilidade num fluxo rapido de
comunicagdo. Ja nas salas de reunido e cafeterias
em prédios escolares o tempo de reverberagdo pode
ser maior, mas abaixo de 1 segundo, para manter
alguma inteligibilidade, obedecendo um nivel de 50
dB(A) para ndo estressar, procurando manter o rela-
xamento. Nos playgrounds exteriores o nivel médio
(Leq) ndao deve exceder 55 dB(A) (Ridgen, 1991;
Berglund & Lindvall, 1995).
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ABSTRACT.

This work has two parts: 1) Sleep disturbs by noise:
Most people sleep with closed eyes and at least in
twilight, abolishing the visual perception, responsible
for more than 90% of the received information, and the
assurance of detection of sudden attack. In sleep, hearing,
the second sense in quantity of information keeps its
channels open in an angular opening of 360°, surrounding
the individual niche, in order to detect any sign of danger.
The disturb by noise is one of the most critical, because
for people sleeping in silence, the sleep is free to install
in its best quality, which guarantees the most noble
functions, recently unknown. On the contrary, the
organism even sleeping begins to show gradually its
alarm with increasing noise, and individuals tend to wake
up. Since mean levels of 30 dB(A), disturbed reactions
appear in viscera, in EEG and in sleep structure. The
noise increases the time of superficial, almost useless,
stages, while the total time of sleep and the necessary
stages, MOR and 4, decrease considerably. The arousal
can be reached more due to peak levels from 8 to 19
dB(A) over surrounding levels. As noise background
increases at 65 dB(A), the protector reflexes of medium
car secem work, abolishing partially the hearing and
introducing insecurity in the auditory vigilance, showed
by the reaction of increase of time to sleep. The noxious
situations in the city and in hospitals in Belo Horizonte
are shown as an example of the industrialized and
urbanized 3rd. Word. The noise pollution, conscious or
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unconsciously, worsens significantly the absolute quality
of sleep, enchaining worse physical, mental and
psychological performances. 2) Awaken disturbs by
noise: Millions of Third World citizens are passively
becoming injured physical, mental and psychologically,
besides deaf, having their intellectual capacity impaired.
Intelligibility, oral communication, education, welfare
and life span average are altogether compromised,
yielding a limited human potentiality. Their social-
economical and the lack of self reaction against its noise
polluted urban environments, industries and
amusements, worsen by a high population density.
Following the two industrial revolutions there was an
accelerated degradation of the acoustic environments of
working and residential places, and the noise
contamination became wide spread on the world. The
First World Countries were primarily harmed by this
impact and have realized by the worsening in the
economy and the rising of accidents, they reacted by
changing the pathway during the third industrial
revolution, when there was a deep and diffused invasion

of automotive vehicles in the urban space. Today these
countries are interested in avoiding further damages of
the human health, adopting measures to prepare to better
intellectual and psychological competition in an up-to-
date globalization. Their citizens became more conscious
and claim for better quality of life. But, many of the
Third World countries are being industrialized or
urbanized much later, so that the environmental noise 1s
yet exceeding high, in an effort, attempting to overcome
the lost industrial revolutions. As result, their acoustic
environment turn out to be unhealthy, invaded by
intensive use of noisy old-fashioned equipment. Their
populations are shown unable to by-pass these hard
developing frontiers by means of modern and clecan
technologies in order to introduce themselves directly
into the new pos-industrial age. Therefore, they conti-
nue to lose the timing in history. Belo Horizonte is
examined as a typical industrialized and urbanized Third
World emergent city.

Key words: Sleep, Noise Pollution, Human
Performances, Acoustic welfare, Health.

- Na Gltima assembléia geral da SOBRAC, reali-
zada em Belo Horizonte no dia 19 de abril de 2000,
foi discutida a possibilidade de formarmos grupos
nas diferentes 4reas de acustica e vibragdes. Para tan-
to, estamos fazendo agora a chamada para a forma-
¢do desses grupos. '

ASOBRAC ja contaum grupo em Actistica Veicular,
que organiza simposios a cada dois anos, € um grupo

em Ruido Industrial, ainda com poucas atividadcs.

Prentendemos, agora, organizar grupos nas se-
guintes 4reas: Acustica Geral (linear, nio linear, apli-

cada, computacional e aeroactistica); Actistica

arquiteténica e Conforto Actstico; Controle de
Ruido e Vibragdes Industriais, Actstica Veicular;

Acustica submarina; Actistica musical; Ultra-som;
Vibragoes Mecénicas; MedigGes, Instrumentagdo e

- Processamento de sinais; Psicoacustica (fisiologica,

psicologica e Produgdo de fala)

Ao longo dos anos a SOBRAC veio crescendo
€, no presente, ja possui membros especialistas em

varios desses temas.

Gostariamos, portanto, de convidar todos a par-

ticiparem em um ou mais dos grupos de trabatho.

A Prof. Elvira Viveiros, da UFSC, foi indicada
pela diretoria da SOBRAC para coordenar a criagdo
desses grupos. Informagdo com Elvira, por fax:
0**48.331.9550 ou e-mail <elvira@arq.ufsc.br>.
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TOTAL LOSS FACTOR IN BUILDING ACOUSTICS
MEASUREMENT AND APPLICATION

A. Schmitz and A. Meier, Physikalisch-Technische Bundesanstalt (PTB), Section 1.42 Applied Acoustics,
Bundesallee 100, 38116 Braunschweig, Germany

INTRODUCTION

BASICS

The intention of sound reduction index (SRI)
measurements in transmission suites is to obtain
more reliable values of the specific test element’s
sound insulation properties. Unfortunately, these
values are influenced by the mounting of the test
element itself and the construction design of the test
facility. Both the mounting of the test element and,
in part, the design of the test facility can effect the
damping of the test element. In ISO 140 [1] a
suggested solution has been to take into account the
damping in terms of the test element’s total loss
factor (TLF).

The description of the measuring procedure in
this standard is, however, difficult to understand and
incomplete. Furthermore, only a minimum loss
factor has been specified for heavy elements under
test. This requirement is not sufficient for solving
the problem of different R values of identical test
elements, and it has been suggested that such
discrepancies may be accounted for with the aid of
the TLE [2].

To address these problems, PTB implemented a
project of two steps. The first step was to develop a
suitable measuring procedure [3] for TLF. In order
to determine the variance of sound transmission
measurements in test facilities, in the second step of
the project an inter-laboratory test (ILT) was
performed in twelve different institutes. Test object
was a heavy single wall. This ILT study included
the measurement of sound reduction index, velocity
levels and damping. Principles of the measuring
procedure and the experimental results of the ILT
are reported here.

It is well known that the sound reduction of building
elements not only depends on the mass and the critical
frequency of the material itself. Another important value
for the calculation of the sound insulation is the TLF,
n,,, of the element under test. Above the critical
frequency, £, the R value may be calculated from the
following equation,

2 2
R=|10-10g 2™

+10-log e +10-10gL | dB
T

c

for f>f (1)
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where w is the angular frequency; m” is the surface
mass per squaremeter; 7, is the density of air and ¢ is
the speed of sound in air. A derivation of Equation (1)
may be found in [4].

The TLF is the sum of different loss mechanisms: interal,
airborne and structural, and may be expressed as [2],

PoCeT |, €02 L%
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where 7. are the internal losses; o is the radiation
efficiency; /k is the common length of junction k; ¢ is
the junction absorption coefficient of junction k£ and S is
the surface area.

f?m; = ni +

The internal losses 7, of an element (shown in Figu-
re 1) are frequency independent. For heavy walls the
airborne energy losses through radiation from the
element are usually lower in value in comparison to the
structural energy losses to the walls surrounding the test
element. These losses can be affected by the type of
connection and the test facility. The connection to the
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test facility can also be affected, by small fissures at the
junction to the facility due to the drying process of the
element. These factors can lead to differences in
structural energy flow and thus the TLF not only between
different laboratories but also in the same laboratory.

Receiving Room

A 1
2V

A

Source Room

Figure 1. Different loss mechanisms of vibrational energy
at building elements

(1) internal losses 1,

(2) losses due to radiation

(3) flanking transmission

It can be seen from Equation (1) that above f, a
change in the TLF causes a change in R. As the critical
frequency, f,, normally occurs at low frequencies for
heavy elements, a significant frequency range of the
sound reduction index, R, will be affected by the TLF.
As a result the element boundary conditions should be
taken into account by using the TLF value. Using this
value it is also possible to compare R values of the same
test element for different boundary connection
conditions, thus accounting for differences in the same
laboratory or between different laboratories. The
following formula allows comparison of R values by
conversion using the TLF results,

R, =R, +10log (ﬂij for f> f 3)

A

The assumption for this equation is that in both
situations the mass, thickness and critical frequency of
the element under test are the same. Furthermore, the
formula is valid only above the critical frequency.

DESCRIPTION OF THE
MEASUREMENT METHOD

It is proposed in Annex E of ISO 140 part 3 [1] that
the loss factor should be determined by measuring the
structural reverberation time, as this method offers fun-
damental advantages over the energy balance method
and the modal analysis which can be applied as well.

With the measured reverberation time, T and the third-
octave band frequency f, the TLF, n_, can be calculated by,

tor

22
=—— 4
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Excitation

As is common practice also in room acoustics, the
structure-borne decay curve can be obtained by
Schroeder’s backward integration of the impulse response
of the system [5]. Impulses for exciting the building
element can be generated either by a hammer or a shaker
in conjunction with a maximum length sequence (MLS).
In both cases, the response is picked up on the object
tested with an acceleration transducer. A computer is used
to calculate the decay curve from this response signal. In
the measurement of structure-borne impulse responses,
the well-known advantages of the MLS method, such as
high measuring dynamics in spite of a low level, can also
be incorporated. However, care should be taken that the
system to be measured shows the linearity and time-
invariance which is indispensable for this purpose (LTI-
system). The excitation level of the vibration generator
must therefore be so low that non-linear behaviour of the
generator and non-linear deflection of the element under
test has to be avoided. Only then will it be ensured that
the signal level is distinctly higher than the noise level
and that the impulse response can be evaluated.

A measurement method should be easy to apply. To
generate an impulse on a building element, hammer hits
could be a simple means when impulse responses are to
be measured. Unfortunately, this method of excitation
leads to problems when the impact reverberation time
or total loss factor is to be determined.
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Figure 2 shows the results of loss factor measurements
on a brick wall with a surface mass of 440 kg/m? for the
same measurement positions but with different excitation,
i.e. in one case with different strength of hammer hits and
in the other with the aid of a shaker (B&K 4809) and a
maximum length sequence (MLS). The TLF is given in a
logarithmic scale in which the reference loss factor is taken
as the minimum loss factor in [3] (cf. Eq. 5).
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Figure 2. MLS and hammer excitation

For the hammer measurements a B&K Impact
Hammer Type 8202 with a mass of 280 g has been used
with a steel tip including a force transducer to check the
strenght of the hits. Below 250 Hz the hammer
measurements were often influenced by background noise
and could not be evaluated. As can be seen from the figu-
re, the hammer measurements result in shorter structural
reverberation times and thus higher loss factors.
Increasingly stronger hammer hits lead to higher recorded
values. It seems that the greater deflection of the
component as a result of a hammer blow results in the
linear range of Hook’s law being left. This leads to
increased losses which are reflected by a higher loss factor.
Although everything seems to be an explanation of non-
linearity no explicit evidence has been evaluated yet.

The effort needed for a measurement of a building
element by means of a shaker is slightly greater than
that for hammer excitation. Despite this, considering
the results presented here it is not recommended to
apply hammer excitation. Shaker excitation in

conjunction with the correlation analysis offers the
advantage that the signal portions of the LTI system
can be separated from the non-linear and time-invariant
portions. These undesired portions are mostly assigned
to the noise portion and thus separated from the useful
signal. Moreover, there are clearly fewer non-linear
portions in the case of shaker excitation since the energy
is fed in over a prolonged period of time and the input
power is thus low. Evaluation of the reverberation time,
therefore, takes place only on the basis of the desired
portions of the LTI system.

Measurement positions

The description of the TLF measurement in the present
version of ISO 140-3 Annex E [1] does not specify the
distances between the excitation point and the transducer
positions. From theoretical calculations and measurements
undertaken at PTB of the nearfield around the excitation point,
and data given in [6], a minimum distance of 1 m between
the exciter and transducer positions is required. The nearfield
around the exciter position, leads to higher deflection of the
component surface but does not transport energy. When this
minimum distance is complied with, it also ensures that the
points of measurement lie outside the reverberation radius
for bending waves, which is max. 1 m for materials normally
used in buildings. A derivation for the reverberation radius
can be found in [7]. For measurements outside the
reverberation radius, the dependence of the measured loss
factor on the distance between transducer and exciter position
is not significant. Furthermore, for practical measurements,
the distance of the respective positions from the junctions
should be at least 0.5 m.

In the low-frequency bands, due to the low-modal
density, there is a stronger, non-systematic dependence
of the reverberation curves on the location of the exciter
and on the transducer position. As a consequence of the
local interference phenomena between the few modes,
the result varies as a function of the location so that a
result is obtained only by sufficient spatial averaging of
a corresponding number of measurement positions. In
most cases, two points of excitation with three transducer
positions each are sufficient for a standard deviation of
the measuring procedure below 0.5 dB.
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Filtering

To evaluate the frequency dependence of the
structural reverberation time and, thus, of the loss
factor, the impulse response of the element under test
is to be filtered. The evaluation in third octaves is
common practice in building acoustics. It is, however,
a problem that the “virtual” reverberation times of
the third-octave filters are of the same order of mag-
nitude as the structural reverberation times. This
means that the filters themselves distort the
reverberation process to be measured so that the
results of the evaluation are not meaningful.

Jacobsen [8] showed in 1987 that a maximum
loss factor of 0.032 can be measured without error
when analog third-octave filters are used. When this
limit is exceeded, errors of measurement are
reflected by an increasing high measured loss factor.
But in most cases, the loss factors found for building
components lie above this limit so that - according
to present knowledge - standard third-octave filtering
cannot be used for measuring these loss factors.
Jacobsen also discussed the influence and limits of
exponential averaging of the decay curve. The
influence of exponential averaging can be avoided
by using the method of integrated impulse responses
(backward integration) [5]. Another advantage of
applying this method is, that averaging of many
decay curves due to random phases of the
eigenmodes are not required.

According to ISO 140 part 1, for heavy walls, a
minimum value of the loss factor should be complied
with as otherwise a too small energy dissipation
through the junctions leads to a lower R value. This
minimum value depends on frequency and for low
frequencies exceeds the limit of the maximum TLF
measurable with normal third-octave filters (cf. Fi-
gure 3). For low frequencies it is therefore not
possible to use normal third-octave filtering to pro-
ve a minimum loss factor according to ISO 140.

At least for digital IIR- and analog filter, a
possibility of reducing the filter reverberation times
and their influence on the structural reverberation
time exists in the application of the time-reversed

filtering method [9]. It is independent of whether
the transducer signal or the impulse response of the
filter is time-reversed before convolution is applied
to both signals. The distortion of the signal with
normal analysis is due to the longer decay process
of the filter impulse response, whereas the time-
reversed technique makes use of the short rise time
of the filter.
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Figure 3. Limits of total loss factor measurement

Figure 4 gives an example of the distortion of a
simulated decay. In 4a the original decay process is
shown as an exponentially damped sine curve. Fi-
gure 4b shows the impulse response of a
conventional 1000 Hz third-octave band filter. In 4c¢
both curves are convoluted to simulate a filtering of
the decay process in 4a. To derive the decay curve a
backward integration of this ‘impulse response’ has
to be applied [5], which is shown in 4d as a normal
filtered curve. A comparison of this curve to the
simulated unfiltered decay curve is also given to
identify the distortion. If knowledge is only known
of the first 30 or 40 dB of the diagram mistakes may
be made in determining the correct reverberation
time. Figure 4e shows the time-reversed filtered and
its backward integrated curve is shown in 4f, which
leads to a correct reverberation time, although the
first 5 dB of the decay are still distorted. This range
can be avoided by using T20 (-5dB to —25 dB) or
other values that exclude the first range.
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Figure 4. Normal and time-reversed filtering: Distortion of the decay process
a) Simulated decay process: f= 1000 Hz; T= 183 ms; h= 0.12
b) Impulse response of third-octave bandfilter: f, = 1000 Hz; Norsonic 719
¢) Normal filtered decay process [convolution of a) and b)]
d) Schroeder-backward-integration of curve a) and c)
e) Time-reversed-filtered decay process
) Schroeder-backward-integration of curve e)

A comparison of Figure 4d and 4f clearly shows the
approving influence of the time-reversed filtering to nor-
mal filtering. Normal filtering leads to distortion of short
decay processes and mistakes of the reverberation time
that can be avoided by time-reversed filtering as shown.

When the technique of time-reversed filtering is
used, the limit of the maximum measurable loss factor
increases by a factor of four to a value of about 0.125.
This limit is sufficient for the measurements according
to the minimum loss factor of ISO 140 [1] and for
covering most of the practical loss factors of building
elements. This technique has not yet been implemented
in most analysers for building acoustics.

Detailed investigations into the filtering of short
decay processes were carried out in 1997 in co-
operation with RWTH Aachen [10]. This report also
shows that time-inverse filtering always has to be
applied to the measurement of reverberation times on
building elements.

Evaluation

When the reverberation curves are evaluated and the
reverberation time is determined, at higher third-octave
bands in particular, the problem of multiple-sloped
reverberation curves, as known from room acoustics, is
encountered. This is due to the existence of different modes
with different damping coefficients, which can in part be
explained by the differences in the design of the junctions,
because not all surrounding structures are made of the same
material or are of the same thickness. It has been shown
[11] that with multiple-sloped reverberation curves the early
part of the curve should be used for calculating the damping
behaviour because the early reverberation time describes
the weighted arithmetic mean of all damping coefficients.
An evaluation from T10 to T20 is therefore recommended
for the evaluation of the structure-borne reverberation ti-
mes. As already shown, a smaller evaluation range is not
recommended as the first 5 dB of the reverberation curve
can be distorted by time-reversed filtering.
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APPLICATION OF THE MEASURING
PROCEDURE BY TEST INSTITUTES

On the basis of the preliminary investigations described
above, measurement instructions have been drawn up for
the determination of the total loss factor of walls.

To check the measurement instructions for
applicability and precision, the total loss factor of a
gypsum wall 10 cm thick and installed in a test facility of
the PTB was determined. Ten German test institutes were
asked to measure the total loss factor of this building
clement by following the measurement instructions,
developed according to the investigations described
previously. The choice of the type of excitation (hammer
or shaker) was at the discretion of the test institute so that
the two methods of excitation could be compared with
each other. To determine only the influence of the
measurement equipment and the procedure, the institutes
had to use their own equipment, but to measure the same
object mounted in a PTB transmission suite.

Although the measuring instructions pointed out that
time-reversal filtering technique has to be used, no
institute was able to apply this technique together with
the hammer excitation.

The results of the measurements performed by the test
institutes using hammer blow excitation are represented in
Figure 5 and those obtained using shaker and MLS signal in
conjunction with time-reversal filtering technique in Figure
6. A reference measurement by the PTB at the beginning
and the end of the whole test period serves for comparison.

A comparison of the two figures shows that much
greater variations occur in the measurements with
hammer excitation (Figure 5) than in the case of shaker
excitation (Figure 6). Furthermore, each of the curves
shown in the figures has been averaged from 12 indivi-
dual measurements with the transmitter/receiver
positions on the building element varied. The standard
deviation of these 12 measurements related to the mean
value is approx. 26% for hammer excitation, whereas
the value of 16% was obtained for shaker excitation.
This means that the individual measurements carried out
by hammer excitation deviate much more around the
mean value than those determined by shaker excitation.
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Figure 5. Loss factor obtained by measurement
with hammer blow excitation
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Figure 6. Loss factor obtained by measurement
with shaker and MLS excitation

The values obtained from the measurements with
hammer excitation tend to be higher than those obtained
with MLS-Shaker measurements. On one hand this
confirms the results of preliminary investigations which
has shown that a high exciting force, for example, by
stronger hammer blows leads to the building element
being increasingly deflected nonlinearly so that the loss
factors measured are too high. On the other hand due to
normal filtering the structural reverberation times could
be underestimated as mentioned in Clause 3.3, which
leads to higher loss factors.

The determination of the total loss factor in the
case of longer structural reverberation times generally
is easier, as the problems of filtering and evaluation
increase with decreasing reverberation time.
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This tendency can also be seen in Figure 6. The variations
around the reference value above approx. 1000 Hz and
below 100 Hz are clearly smaller than in the range of
higher loss factors between 100 Hz and 1000 Hz.

A significant problem encountered was that no
institutes using hammer excitation were able to apply
time-reversal filtering technique, although it was
clearly mentioned in the measurement instructions.
Furthermore, the structural reverberation time was
only determined with two decimal places, which could
be a problem for very small reverberation times at
high frequencies of 0.050 s. Most institutes used the
same type of acoustic analyser for hammer excitation,
which determines the reverberation times to two de-
cimal places. This is often a problem when averaging
low values.

The results obtained from the reference
measurements have revealed that loss factor
measurements on building elements should not be
carried out with hammer blow excitation because of
problems with normal filtering and non-linearity. The
shaker measurements in conjunction with the MLS
technique clearly present better results. As ISO 140
specifies that the excitation of building elements should
be realised with a hammer, it is absolutely necessary
to improve this specification, as otherwise incorrect
results may be obtained.

CONVERSION OF THE SOUND
REDUCTION INDICES

The results obtained by the improved TLF
measuring procedure, using a shaker, can also be used
to convert R values of test elements where they are
exposed to different element boundary conditions.
Conversion can be carried out using Equation (3). This
formula equals the in-situ correction given in [12],
when the loss factor is replaced by the impact
reverberation time.

In this equation, R, and R, give the different sound
reduction indices of the same building element in two
situations, with the total loss factors, 77, and 7,, of the
element measured in each situation.

Another possibility consists in converting the sound
reduction into a reference loss factor. Similar to a
reference absorption area or a reference level, a reference
value, 11 Rep AN be used in Equation (3) instead of 77,.
The minimum loss factor from [1] can be used for this
purpose and 7 ey DAY be given by,

et = 0,01 + ?/?3 ©)

The advantage of this reference value is to identify
from positive or negative dB-values, if the TLF is above
or below the minimum TLF given by the reference
value. On the other hand the reference value is
frequency dependent, which makes it difficult to
interpret. If there is no need to compare the TLFs with
the reference value of ISO then a frequency
independent value like 7 = 1E-12 as a common value
could be taken.

EXPERIMENTAL INVESTIGATION
OF CONVERTING R VALUES

In a transmission suite at PTB a gypsum brick wall
(100 mm thickness; 120 kg/m?) was mounted several
times with different types of junctions to test the
dependence on the junction conditions. In the first
test three edges of the test wall where connected to
the test facility with a layer of bitumen (Test A — rigid
junction) and in a subsequent test the edges were filled
with cork and sealed with silicon (Test B — elastic
junction). The effect of these two different junction
connections on sound reduction is shown in Figure 7.
The weighted sound reduction index differs by 5 dB.
In addition to measuring the sound reduction, the to-
tal loss factors of the two partitions were determined
by the shaker measuring procedure described
previously. The total loss factors are given in Figure
8 with the reference value from Equation (5).

The two figures clearly show the influence of the
mounting conditions on the results. Below f, the rigid
junction, Test A, has a lower R value than the elastic
junction, Test B. This is due to increased radiation from
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Figure 7. Sound reduction for different edge connections

the test wall edge modes at rigid junctions in comparison
to elastic junctions [7,13]. Above f, an inversion takes
place in the R values as this frequency range is principally
controlled by the TLF. Hence the rigid boundary, with
higher total loss factor, has a higher R value. It can be
seen that the connection with cork and silicon (Test B)
implies a smaller dissipation of energy and thus a smaller
loss factor which then leads to the R value being lower.

The different sound reduction indices can be converted
using the measured TLF and a reference loss factor given
in Equation (3). Figure 9 shows that the conversion is
possible above the critical frequency of approx. 200 Hz.
Below this frequency a difference is still remaining because
of an increased radiation due to a free edge condition.
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Figure 9. Conversion of sound reduction
indices with the total loss factor
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Figure 8. Loss factors of different junctions

The investigations carried out have shown that the
measurement of the loss factor of building elements can
incorporate the effects of the mounting conditions and
also allows the R values to be converted above the critical
frequency. This conversion allows the measured results
to be less dependent on the energy losses at the junction
of the test facility for heavy walls above 1.

This conversion process is now being investigated
in an inter laboratory test whether the measuring
procedure presented also allows the results of sound
reduction measurements to be converted, which are
performed in different test facilities.

INTERLABORATORY TEST

General aim of the ILT

One limitation of the previous study is, that the tests
made were done only in one transmission suite.

Therefore the next step was to check in an ILT,
whether the measurement of the damping in terms of a
loss factor of the building element under test, explains
possible differences of a similar test object in different
transmission suites.

The basic construction of transmission suites for
sound insulation measurements are similar: two rooms
are connected by the element under test, which can be a
wall or a slab. The main requirements on the test rooms
are described in ISO 140 Part 1 [1], although variation
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in construction is allowed. This standard has been
approved with the intention to yield a international
harmonised description of the measurement procedure
to ensure comparative values of sound insulation. As a
result, particularly for Germany, the old transmission
suites were changed. The reason for this change was,
that in former times the facilities were constructed with
flanking present, via structural connections, between the
source and receiving rooms. In the latest version of ISO
140 no influence of flanking transmission is permitted.
Furthermore, a recommendation of a minimum total loss
factor is included for heavy test elements.

To determine values for the accuracy and
repeatability of measurements in different laboratories,
an inter-laboratory test (ILT) was performed.

Hence, in 1998 an ILT with a heavy single leaf wall
was performed. The aims of this study can be
summarised as follows:

* Collection of geometrical data of German
transmission suites

*  Derivation of repeatability and reproducibility of SRI
measurements

e Estimation of the influence of flanking transmission
on the measurement of SRI

¢  Application of measurement method for loss factors
in different facilities

* Conversion of different SRI results with the loss
factor to improve comparability

Choice of the test element

To check the influence of the transmission suite and
the damping it was decided to use a heavy wall with a
critical frequency f, at the lower end of the measurement
range (approximately 160 Hz). By using an element with
a low critical frequency this would allow a comparison
between the measured SRI and loss factors for a larger
frequency range. Above critical frequency for heavy
walls, for every change in loss factor an equivalent
change in the SRI will occur. Below f_additional and
more complex influences like size of the test wall, shape
of the test aperture or volume of the test rooms have to
be taken into account. Furthermore, a wall with a lower
critical frequency corresponds to a more thick and heavy

wall. For this type of wall it could be expected to be
sensitive on differences between the test facilities, which
are often built with walls of similar material and weight.

Figure 10. Brick of calcium-silicate used in the [LT
with two grip-holes and groove-tongue system.
Size: 250 mm x 240 mm x 124 mm (width, depth, height).

For the test wall dense calcium silicate dense blocks
were selected with groove and tongue at the vertical
joints. These joints were not mortared (normal method
for these kind of blocks). The horizontal joints were
connected by a thin layer of mortar about 1 mm thick.
The blocks had no holes except two grip holes (cf. Fi-
gure 10). These blocks and thin mortar layer were
selected to reduce the quantity of humidity in the test
wall which would lead to a shorter test period.

This kind of wall construction is acoustically not sealed
due to the non mortared vertical joints. Therefore, the wall
surfaces were sealed by a plaster layer on both sides, about
5 mm thick, with a plaster of gypsum base. This gave a
total surface density of the test wall of about 440 kg/m?
with a total thickness of 250 mm. The critical frequency of
the wall was therefore to be expected at 103 Hz

It is known that a normal mortared wall often shrinks
with time due to the drying process. To avoid cracks at
the junctions between the test wall and the test facility
an expanding mortar on three sides of perimeter joints
was used (rigid connection). The lower horizontal joint
(floor mounting) was formed with normal mortar.

In five laboratories, before the measurements with the
rigid connection, the wall was tested with the three perimeter
joints filled with mineral wool and sealed with silicone
(elastic connection). By carrying out this test it would be
possible to analyse whether another type of mounting leads
to different energy flow and therefore different results.
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Preliminary test

Before the ILT started, preliminary checks were
performed to determine if the test wall could be
constructed in a reproducible manner [14]. The test wall
was constructed three times in the test facility of PTB
by the same brick laying team.

The first two walls were mounted with the rigid
connection only. For about four weeks the sound insulation
was measured three times a week and the total loss factor
was measured twice a week to get additional information
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Figure 11. Comparison of the sound insulation of three
similar walls in a preliminary test for the rigid connection.
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Figure 13. Sound reduction of the same wall with
two types of connections to the facility; measured
with standard method

about the stability of the wall. The third test wall was first
built with the above mentioned elastic connection to the
test facility and after two weeks the three perimeter joints
were changed into a rigid connection.

Figures 11 and 12 show the results of sound
insulation and total loss factor for the three walls. The
total loss factor was measured using an advanced
measuring method described in [3]. It was found that
the wall could be rebuilt with a good reproducibility and
therefore fulfilled a main condition to start the ILT.
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Figure 12. Comparison of the total loss factor of three similar
walls in a preliminary test. Note: Wall no.3 was built with
elastic and then with rigid connections to the surrounding

elements of the transmission suite (see text for details).
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Figure 14. Sound reduction of the same wall with two types
of connections to the facility, measured with standard
method and conversion to the reference loss factor.
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Figure 13 shows the results for the third wall for
both mounting conditions, elastic and rigid. The
results were R = 59 dB for the rigid connection and
decreased to R _= 52 dB for the elastic connection,
due to the change in the total loss factor. Figure 6
shows the corrected SRI when the total loss factor is
taken into account according to equation (2) and (5).
After applying this equations the curves for both
connections above the critical frequency are in good
agreement (cf. Figure 14).

During the measurements it was noticed, that
the wall under test has an orthotropic behaviour.
From the material data f calculates to 103 Hz,
whereas the measurement of SRI has a pronounced
dip at 200 Hz which could be determined as critical
frequency. Because of the discrepancy measu-
rements of longitudinal and bending wavespeed
were carried out. It was found that the vertical
direction of the wall leads to values expected from
material data (¢, = 2500 m/s). On the other hand
the measurements in horizontal or diagonal
directions lead to velocity values down to ¢, = 1500
m/s. This difference especially in the horizontal
direction seems to be due to the not mortared ver-
tical joints of each brick.

The main results of the preliminary test are:

* the test element could be mounted with a sufficient
accuracy,

* mounting with two different edge connections is
possible,

e the differences in SRI evaluated within the different
connections could be converted using the measured
loss factor.

The results showed that the main conditions for the

ILT were fulfilled. Therefore it was decided to proceed
with the main part of the ILT.

Conditions of the main ILT

Eleven laboratories participated in this ILT in
Germany, including PTB, and one institute in

28

Switzerland. The institutes are identified by letters
(A — M) in this paper.

Most of the institutes changed their facilities with
flanking transmission into facilities without flanking
transmission according to ISO 140 in the last few years.
Suppression of flanking transmission was achieved
either by linings at the flanking walls or by
disconnecting the chambers by a cut.

The overview (Figure 15) in the pictograms points
out a complete suppression of flanking transmission
in four institutes (A, B, F and K) while six institutes
(C,D, H, 1, L and M) still have a flanking transmission
path Fd (excitation of the flanking walls in the source
room and radiation by the test wall into the receiving
room). The remaining two institutes (E and G) still
have the path Df.

Some facilities were built on springs (cf. A) or
elastic layers (cf. G) and others were built separate
from or connected to the enclosing building. Also
mixed designs were present (cf. K). Hence, it was
expected that due to the variety in transmission suite
construction the energy dissipation and transmission
would vary.

The mounting of the test wall was done in all
institutes by the same bricklaying team that mounted
the wall at PTB. The dense calcium silicate dense
blocks used were from the same production line as in
the preliminary tests.

In the ILT, the participating laboratories were
requested to measure the airborne sound insulation
twice a week and a minimum of seven measurements
had to be carried out, according to ISO 140. Two
measurements of the total loss factor also had to be
performed according to a guideline given by PTB.
In addition to each laboratories measurements of the
test wall in their facility, comparable measurements
were performed in all institutes by a PTB test team.
PTB made additional
measurements of the velocity values of the test wall
and derived the sound insulation additionally from

In every institute

these values.
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Figure 15. Schematic view of transmission suites of the ILT participants (S — Source room, R — Receiving room).

Results of the principal test

Figure 16 shows the measured SRI results for the test
wall with a rigid connection to the supporting structure
of the twelve laboratories, by the PTB measurement team.
It might be expected as the number of variables in this
study was purposefully kept to a minimum the SRI values
of the ILT study would lead to similar results.

It can be seen that the SRI varies considerably. As a
result the weighted sound reduction index varies between
R _=54dBtoR =61 dB. The increased spread below
200 Hz is caused in general by room and test wall
dimensions. Additionally, the low modal density will

lead to higher uncertainties in low frequencies [15]. Near
the critical frequency of the test element /, between 125
Hz to 200 Hz, it can be seen that there are no specific
dips in the SRI curve which are common to all test walls.
This may be due to the interaction between the test
clement and the connecting supporting walls. These
supporting walls vary in material properties and can
influence the SRI curve.

Above/ asignificant spread of up to 8 dB is observed.
The spread decreases at higher frequencies. The frequency
range, 125 Hz to 1000 Hz, with the highest deviation is
mainly influencing the single number quantity R .
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Figure 16. Sound reduction index of a similar wall in 12
different transmission suites Rigid connection, PTB
comparison measurements.

At a frequency of 5000 Hz there is a pronounced
dip in the SRI curve. This may be due to the first anti-
resonance mode in the thickness of the wall [16]. The
effect appears in all of the test walls of the ILT.

Additionally to the measurements of the SRI, the
damping behaviour of the test element in terms of the
total loss factor (TLF) was recorded several times.
Due to the variations in transmission suite design as
shown in Part I, differences in the TLF were expected.
Figure 17 gives the TLF for the rigidly connected wall
for all the test walls.

Differences up to 6 dB between different
laboratories were found in the mid frequency range.
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Figure 18. Sound reduction index of a similar wall
in 5 different transmission suites Elastic connection
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Figure 17. Damping of the test wall with
rigid connections to the transmission suite.

At higher frequencies the deviations decrease as the
total loss factor tends towards the internal loss factor.
Therefore it may be assumed that there is not a strong
influence of the construction of the test facility at these
high frequencies [17]. As a consequence the measured
total loss factors are similar.

In five laboratories an elastic connection of the test
wall to the transmission suite was applied before the
rigid connection was installed [14]. A structural energy
flow from the test wall into the transmission suite was
only possible into the floor, where a normal mortar
connection was used. Figure 18 shows the SRI results
in these five labs.
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Figure 19. Damping of the test wall with elastic
connections to the transmission suite
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For frequencies between 100 Hz to 5000 Hz the SRI
values are very similar and do not have the large variations
as seen in Figure 16, for the rigid mounting. With the
elastic type of mounting a pronounced dip at 200 Hz
occurs for all test walls, which could be interpreted as the
true critical frequency of the wall. Near 4000 Hz the
deviations are slightly higher. This could be caused by
the low mass of the clastic mounting in comparison to
the bricks, but did not influence the single number rating
R , which is dominated by the mid frequency range.

As for the rigidly connected test wall, TLF
measurements were carried out for the five elastic
connected walls. The TLF results are given in Figure
19. Above 200 Hz the results between the laboratories
differ only by about 1 dB as maximum in comparison to
6 dB for the rigid connection. Furthermore, the results
are nearly frequency independent at a value between 100
to 101 dB, which corresponds to a TLF around n=0.01.
This value can be interpreted as the material loss factor
of the test element. Due to the elastic connection there
is no significant influence of the structural coupling loss
factor to the surrounding elements.

At frequencies below 200 Hz the deviation between the
TLF measurements increases. This may be due to two
reasons: the measurement technique itself and the
construction of the test facility. Due to low modal density,
the determination of TLF by measuring the structure-bome
reverberation time leads to an uncertainty in the results [18].
A causal reason can be found in the construction of the test
facility, which are given in Figure 15. The TLF measurements
in Figure 5 can be divided into those facilities with higher
values (lab F and M) and those with lower results (lab B, E,
K). Lab F and M where both built directly on the ground,
which leads to high loss of energy to the ground. The other
labs mentioned where built with an additional structure
beneath the facilities leading to lower losses.

In general the low energy coupling of the elastic
mounting, from the test wall to the transmission suite, led
to the internal losses mainly influencing the
measurements. As a consequence, the results of the elastic
connection in different laboratories becomes independent
from the design of the transmission suite. Therefore the
deviations between the SRI results are reduced.

Conversion with the loss factor

The differences in the measured SRI values for both
types of test wall can be reduced by incorporation of the
measured TLF. This was done by a recalculation
involving a reference loss factor according to equation
(2) and (5) as already decribed in chapter 6.

Figure 20 shows the converted SRI results for the
rigid mounted wall according The measured TLF used
in the conversion was taken from the data in Figure 16.
Above 200 Hz, where the conversion is valid, the spread
shown in Figure 1 decreased significantly. Although
laboratory B still has the highest values and laboratories
G and H tended to systematically low values.
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Figure 20. Sound reduction index of a similar wall in 12
different transmission suites, Rigid connection plus
conversion to the reference loss factor.

The weighted SRI R calculated with an accuracy
of 0.1 dB is given in Figure 21 with and without
conversion. Although the conversion is valid only
above f most of the R are within a range of 1 dB.
Laboratory outliers include one lab with a higher
number than the average (lab B) and two labs with a
lower number (lab G and H). The reasons for the
differences of these laboratories are still not clear and
under investigation.
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Figure 21. Weighted sound reduction index
Jorrigid connection of the test wall without
conversion (left) and with conversion
(right) to the reference loss factor.
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Figure 22. Sound reduction index of a similar wall in 5
different transmission suites Elastic connection plus
conversion to the reference loss factor.
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Although the differences in the results for the elastic mounting
was sufficient, the loss factor conversion was also applied to
these measurements, as shown in Figure 22. Comparing this
graph with Figure 18 shows no additional advantage.

Accuracy

Values for the uncertainty of the measurement
technique itself can be given in terms of repeatability r.
This value includes variations due to calibration,

ABCDEFGHIKLM
Participants

measurement equipment or the operator. The accuracy
of test facility measurement is given in terms of
reproducibility R which is a measure for the variance
between values derived in different labs. The exact
definition and equations are given in ISO 140 Part 2 [1]
and its references. The reproducibility R is per definition
greater than the repeatability ». Numbers for both
quantities are suggested in the relevant part of ISO 140.

The calculated » and R values of the ILT are shown
in Figure 23, for the non converted measurement
results, in comparison to the values given in ISO 140.
The repeatability # is in the expected range and good
agreement with the tentative values of ISO 140.
However, the reproducibility R is significantly higher
than the tentative values. Therefore the derived R values
are not satisfactory as the mid frequency range is an
important factor for the single number weighting.

After conversion of the measurement results with
the total loss factor, reproducibility R approaches the
values of ISO 140 as shown in Figure 24. The
repeatability r is naturally not effected. The decrease in
the R values shows the important influence of the
damping, that led to the deviations shown before.
Therefore the damping in terms of the TLF should be
taken into account. The evaluation of the ILT is still
running. Further results and explanation are already
published in [18].
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Figure 23. Repeatability r and reproducibility R for rigid
connection of the test wall all 12 labs, uncorrected.

Meaning for standardisation

Two main reasons for the variance in the measured
SRI values in this ILT are: differences of damping and
effects of flanking transmission. Both topics are considered
in the recent standard ISO 140 in different ways.

To measure flanking transmission influence a
detailed description is given in ISO 140 together with
criteria to decide whether the flanking is suppressed
sufficiently. As a result from this ILT it is found that the
flanking in some labs is not completely suppressed and
hence leads to lower sound insulation values. Further
suppression of flanking transmission is required for the
Df and Fd paths. This can be done either by adding
linings or by removing any structural connection to the
test rooms. Therefore, at the moment there is no need
for changing or improving those parts of ISO 140 dealing
with flanking transmission.

The second reason for variations in the results is the
difference in damping of the test wall in the different
transmission suites. To consider this influence, ISO 140
recommends a minimum loss factor of a heavy element
under test with a surface mass of approximately 400 kg/
m?. This reference object is similar to that used in this
ILT. Unfortunately no institute fulfilled the requirement
of the minimum loss factor. As a consequence additional
experience should be gained in other institutes to deci-
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Figure 24. Repeatability r and reproducibility R for rigid
connection of the test wall all 12 labs, corrected to the
reference loss factor.

de whether the related parts of the standard should be

revised. To improve the accuracy of sound insulation

following proposals could be derived:

(a) Damping in terms of the elements loss factor should
be measured additionally and be given in an annex of
ameasuring certificate for the sound insulation results

(b) The sound insulation could be converted with the
measured damping to a reference loss factor

(c) Heavy elements could be mounted with an elastic
connection as discussed above to reduce laboratory
influence.

Each suggestion has disadvantages. To measure the
clement’s loss factor increases the work effort in comparison
to the standard measurement, particularly when care will
be required to get precise results of the damping behaviour
[3]. Alternatively the tests could be performed by the elastic
connection of the test element which results in internal
losses only. These material losses arc independent of the
losses of the transmission suite and lead therefore to a higher
accuracy of the results in comparison to a rigid connection
of the test element. Unfortunately, it could be expected that
this is only valid for heavy single leaf wall. The influence
on lightweight partitions is different because of their higher
critical frequency. Suggestion (c) yields to lower values in
comparison to the insulation derived later in the real
building, because the overall damping of the building
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element mounted in-situ is higher. The most accurate and
therefore the suggestion with the most effort is (b). The
advantage of this method, whilst obtaining increased
accuracy, is the additional information available for
prediction methods [12].

OUTLOOK

Further work will be done on the analysis of the ILT
data. For this purpose Statistical Energy Analysis could
be a useful tool to carry out detailed calculations of each
lab that participates in this ILT. This calculation could
lead to recommendations for the construction of
transmission suites and more detailed explanation of the
laboratory influences.

The damping measurement of building elements brought
additional information to interpret the influence of the
facilities. It is desirable, that this technique is used more often
in the field of building acoustics to gain more experience.

Lower deviations were measured for the results of
elastic mounting of the test element. These tests were
carried out only in five labs. Additional tests in other
transmission suites with different wall types should be
made, especially to obtain knowledge about application
of elastic mounting of test elements.

The results of the ILT carried out shows by
measurement what has already been demonstrated in
theory. If a higher level of accuracy is demanded, the
responsibility rests on the decision of WGI18 of ISO
TC43 SC2 working on ISO 140 whether the mounting
conditions should require a weak energy coupling by
elastic mounting, or the TLF should additionally be
measured to convert the results.
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INTRODUCTION

Rating of noise in building spaces has a long history.
To some extent, advances in methods for evaluating
sound in buildings has paralleled the development of
electronic sound measurement instrumentation. The first
step in this evolution was simply to devise instruments
that could repeatably measure sound. No sooner was
this possible that electronic instrumentation advanced,
further enabling the measurement of sound in frequency
bands. The frequency discrimination of octave band
sound measurements paved the way for advances in
understanding the impact of noise on communication
and hearing.

Though the ability to measure sound in frequency
bands was a remarkable advance, it complicated the
evaluation of the impact of noise on specch
communication. However, researchers recognized an
opportunity to combine methods for evaluating hearing
acuity with methods for measuring background sound
over the audible frequency range, in order to developed
single-number ratings for noise, particularly as it relates
to speech interference. The first section of this paper
briefly summarizes the evolution of methods for
evaluating noise and for evaluating the interference of
noise with speech.

Of the evolving methods for evaluating sound in
rooms, three are in current use by engineers involved
with the design of building mechanical systems. All
three methods involve the use of sets of curves explained
in this paper. These are Noise Criteria (NC) curves,
Balanced Noise Criteria (NCB) curves, and Room
Criteria (RC) curves. In addition, a fourth method called
RC Mark II (Blazier, 1997) uses curves nearly identical

to RC curves, but includes a different method for
ascribing spectrum quality. Finally, a fifth set of curves,
called RCN curves, to be published shortly in the Noise
Control Engineering Journal (Schomer, 2000), attempts
to address cyclic variation of low frequency sound
produced by large air ventilation systems and sometimes
described as “surging.”

As we enter the 21% century, it is clear that the
acoustical consulting profession will continue to develop
criteria based on the experience of using these various
methods. However, a single, simple, universal method
for evaluating sound in buildings may remain elusive.
Acoustical consultants, accustomed to using noise
criteria (NC) curves, will likely continue to use them as
appropriate, but will also explore the use of new rating
methods for evaluating sound in buildings as they may
be proposed. Mechanical engineers, architects, and
building owners will continue to rely on acoustical
consultants to implement these methods and to use them
to achieve acceptably quiet buildings.

This paper, after briefly reviewing the history of
room sound criteria, describes the use of these more
recent criteria, 1.c. NC, NCB, RC, RC Mark II, and RCN
methods. The first four of these are compared using
238 measured spectra. As the RCN method is not yet
published, it is only discussed in general and is not
implemented with the measured spectra.

AN HISTORICAL PERSPECTIVE

The history of acoustics is replete with attempts to
develop useful single-number rating methods for
evaluating noise in buildings and in the environment.
These methods are aimed at accommodating the
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complexity of tonal and temporal characters of sound
into a single-numbered descriptors. The following is a
very brief synopsis of noise rating methods.

Equal loudness contours. The earliest reference to

cqual pure-tone loudness contours are those prepared
by Churcher and King in 1937. Loudness levels were
reported in phons, and the general shape and arrangement
of the curves are similar to the latest equal loudness
contours. (Beranek, 1954).

Speech interfercnce levels. To evaluate the

interference of noise on electronic communications, the
concept of speech interference level was developed in
about 1942. The SIL, using the then prevalent octave
band definitions, is the arithmetic average of the sound
pressure levels in the 600 to 1200, 1200 to 2400, and
2400 to 4800 Hz octave bands (Beranek, 1960). It served
as a convenient single-number rating for evaluating the
interference of noise on speech communication. The
use of the SIL has continued through the years and has
been modified to apply to the currently used “preferred”
octave bands and is the arithmetic average of sound
pressure levels in the 500, 1000, 2000, and 4000 Hz
octave bands (Harris, 1991).

A, B. C-weighting networks. The first of the
measured single-number ratings appears to be the now
very familiar A- and C-weightings, and the less familiar
B-weighting. These were first standardized in ASA
Standard Z24.3-1944 (Beranek, 1960)

SC curves. Sound Communication (SC) curves were
first introduced in 1953 (Beranek, 1954). They are
curves similar to the later, and more widely used, NC
curves. SC curves are also the first approximate equal

loudness contours that were used by overlaying them
with a measured or calculated sound pressure level
spectrum. The SC curves were defined in 5 dB
increments, with each curve having an accompanying
alternate curve that permitted more low frequency sound.
These alternate curves permitted higher sound levels in
the 300 to 4800 Hz bands. SC curves were accompanied
with criteria indicating maximum acceptable SC levels
in spaces depending on space use. Although no method
was given for evaluating sound level spectra, the
description of the use of SC curves, and the method for

assigning an SC rating to a spectrum, closely matches
what has subsequently become known as the tangency
method (Beranek, 1954).

NC curves. Noise Criteria curves were first
published in 1957 (Beranek, 1957), and like the SC
curves that preceded them are curves of approximate
equal loudness. They have become the most widely used
set of curves for evaluating sound in building spaces.
NC curves are customarily used with the tangency
method for evaluating a sound pressure level spectrum.
As further discussed below, the tangency method is a
way to assign an NC rating to a spectrum. The NC rating
of a spectrum is equal to the highest NC curve reached
by the spectrum. Its wide use is largely attributed to its
publication by the American Society of Heating,
Ventilating, and Air-Conditioning Engineers (ASHRAE)
in their design handbooks used by most mechanical
engineers in the United States.

NCA curves. Simultaneously published with the NC
curves, were the NCA curves or alternate NC curves.
These curves permit higher amounts of sound in low
frequencics for less sensitive applications and are
substantially the same as the NC curves at mid and high
frequencies. NCA curves were devised as a less
restrictive method for limiting noise in building spaces
where background noise is more tolerable, particularly
at low frequencies. NCA resemble SC curves in that
they are alternate shapes to the NC curves and permit
higher levels at low frequencies for less sensitive spaces.
NCA curves, though published along side NC curves,
never became widely used.

N, L, M, and H contours. The first method for
evaluating the spectral balance between low, mid, and

high frequency sound, and to ascribe a neutral spectrum
shape appears to be by Cavanaugh et al (Cavanaugh,
1962). In this paper, four spectral shape contours were
defined around the NC-30 curve. A spectrum that fairly
well matched the shape of the NC-30 curve was defined
as neutral in spectrum balance, i.e. having good relative
proportions between low, mid, and high frequency
sound. Such spectra are perceived as desirably
innocuous, at least from the standpoint of background
sound in buildings.
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The L, M, and H contours were shaped in such a
fashion as to permit predominance of noise in the low,
mid, and high frequencies respectively. A measured
spectrum shape that did not conform well to an NC
contour, but conformed better to either of these three
contours, would be denoted as an L, M, or H spectrum,
depending on best, subjective fit of the octave band data.
No procedure was established for using these spectral
balance curves, but they represent the first introduction
of the notion that ratings alone are not sufficient and
that some descriptor indicating predominance of sound
energy in one range or another was necessary for a more
complete rating of sound in rooms.

PNC curves. Owing to observations that broad
band sound electronically tailored to exactly match an
NC curve tended to sound perceptibly “rumbly” and
“hissy,” and to adapt the “old octave band” NC curves
to the new preferred octave bands, Preferred Noise
Criteria (PNC) curves were developed in 1971 that are
less steep in the low frequencies and more steep in the
high frequencies than the NC curves (Beranek, 1971).
Although achieving a better balance between low, mid,
and high frequency sound, the PNC curves were more
stringent in the low frequencies. As a consequence,
this required more extensive, and usually more costly,
low frequency noise control in building mechanical
systems than otherwise required using NC curves.
Furthermore, experienced consultants found the more
stringent low frequency limits of PNC curves to be
unnecessary and impractical in most building
applications. For these reasons, the PNC curves never
became widely used.

RC curves. In an attempt to better understand the
implication of spectrum shape on the suitability of
background sound in buildings produced by building
mechanical systems, ASHRAE undertook a survey of
background sound in building spaces in the mid 1970s.
Blazier used this survey to develop a method for
evaluating the suitability of background sound in
building spaces based on space use (Blazier, 1981).
The result was a set of Room Criteria (RC) curves
that are straight, parallel lines of constant —5 dB/
octave slopes. This shape was described as being

perceptually neutral, i.e. not have tonal dominance in
any one frequency range. As explained below, the
RC method involves determining an RC rating and a
spectrum quality descriptor that denotes any
imbalances or predominance of sound in a particular
frequency range and causes a sound spectrum to be
perceived as either “rumbly” or “hissy.” RC curves
and methods for rating room sound spectra are defined
by American National Standard S12.2-1995 “Criteria
for evaluating room noise.”

NCB curves. These are a refinement of NC curves.
NCB curves have somewhat greater negative slopes in
the high frequencies to overcome the hissy quality of
NC curves, and extend down to the 16 Hz octave band
(Beranek, 1989). Like the RC method, the NCB
method has a rating procedure and a method for
ascribing a spectrum quality descriptor indicating any
spectrum imbalance. NCB curves are inherently
different from RC curves NCB curves are based on
curves of equal loudness, whereas RC curves are of
perceived optimum spectrum shape. NCB curves are
also defined in ANSI S12.2.

RC Mark II. This method uses curves ncarly
identical to those of the RC method and its means for
rating a spectrum is the same. The method differs,
however, in the way a sound quality descriptor is
determined for a spectrum. The RC Mark II method
defines a quality assessment index (QAI) that is
calculated using the differences between the spectrum
values and the neutral RC curve corresponding to the
spectrum. This method is the outgrowth of experience
by Blazier and others and was published in 1997 (Blazier,
1997) and is expected to be published in the ASHRAE
Fundamentals Handbook (ASHRAE, 2001).

RNC curves. Finally, in an attempt to reach a
technical compromise between NC, NCB, and RC
curves, RNC curves have been developed that can be
used with a tangency method for determining an RNC
rating of a room sound pressure level spectrum
(Schomer, 2000). Unlike other spectrum evaluation
methods, the RNC method can be used to evaluate
temporal variations in low frequency sound often
observed in large ventilation systems.
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CURRENT RATING METHODS

NC Tangency Method. The tangency method is

the simplest and most commonly used method for
rating octave band sound pressure level spectra in
rooms. Using the tangency
method, the NC rating of a
spectrum is designated as the

Noise Criteria (NC) Curves
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defined in the old octave bands. The NC curves shown Figure 01: Noise Criteria (NC) Curves
in Figure 1 are an interpolation of the original curves
into the preferred octave bands, as published by

Schultz (Schultz, 1968).
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RC Rating Method. The Room Criteria rating method
was first proposed by Blazier (Blazier, 1981) and is now
standardized in ANSI S12.2-1995 “Ciriteria for Evaluating

Room Noise.” Figure 2 presents a set of RC curves together

with the typical sound pressure level spectrum shown in
Figure 1. RC curves are defined from RC-25 to RC-50 and

Room Criteria (RC) Curves
ANSI §12.2 Criteria for Evaluating Room Noise
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Figure 02: Room Criteria (RC) Curves

arc intended to cover the
typical range of background
sound in buildings over the
frequency range 16 Hz to
4,000 Hz. RC curves are
parallel lines of constant —
5 dB per octave slopes. They
have been devised to define
optimally neutral
characteristics of background
sound produced by building
mechanical systems, and have
been developed on the basis
of perceived background
spectrum “quality” rather than
on equal loudness contours.

The rating of a sound
pressure level spectrum
follows the general from
RC XX(YY), where XX is
the RC rating and YY is one
or more descriptors
indicating spectral balance
as discussed below.

Rating a sound pressure
level spectrum using the RC
method involves two steps.
The first step is to determine
the mid-frequency average
level (L, ;) defined as follows:

- (Lspo + Lygoo + Loooo)

LMF 3

The RC rating of a spectrum is equal to the mid-
frequency average level: L,,.. For the spectrum shown
in Figure 2, the RC rating is 46.
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The second step involves determining the perceived
balance between low and high frequency sound. A
spectrum rich in low frequency sound (16 Hz to 500 Hz)
is defined as “rumbly.” A spectrum rich in high frequency
sound (1,000 Hz to 8,000 Hz) is defined as “hissy.”

The rumble criterion is defined as the RC curve that is
5 dB higher than the neutral curve determined from the
L, and extends from
16 Hz to 500 Hz. If
low frequency sound
levels exceed the )

(RV), or (H). Spectra found not to exceed rumble, hiss, nor
noticeable vibration criteria are considered to be “neutral”, i.
e. having relatively good balance between low, mid, and high
frequency sound energy. These spectra are followed by the
quality descriptor (N). Since the spectrum in Figure 3 exceeds
the “clearly noticeable vibration™ criterion curve, it would
be designated an RC 46(RV) spectrum.

Room Criterion Curves (RC)
Example Spectrum Evaluation
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NCB Rating Method. ANSI S12.2 provides a table
defining balanced noise criteria curves in 1-dB increments.
These curves are shown graphically in Figure 4. These
curves extend from the 16 Hz to the 8,000 Hz octave band.
The standard defines the values for each individual curve
from NCB-10 to NCB-65. In addition, the NCB-0 curve
is defined as the threshold of audibility for continuous

Balanced Noise Criteria Curves (NCB)

100

sound in a diffuse field and is derived from the ANSI
threshold of audibility for pure-tones.

As with the RC rating, the NCB rating takes the form
of NCB XX(YY), where XX is the NCB rating and YY
is a spectral balance descriptor.

Also as with the RC rating, the NCB method involves
two steps. The first step is to compute the speech interference
level (SIL) for the spectrum
being evaluated. The SIL is
defined as follows:

90

SIL = (Lsoo * Liono :{Lzooo * Lygoo)

Clearly noticeable

The NCB rating of a
spectrum is equal to the SIL

80
C

\viaration
> wgaran—

70 !

rounded to the nearest decibel.
For example, the spectrum
shown in Figure 4 has an SIL

able vibrati

o
=5

of 44 dB, and is therefore an
NCB 44 spectrum.
The second step involves

60 [

50

determining the perceived
balance between low and high

NCB-60 frequency sound. A spectrum

40

richinlow frequency sound (16
Hz to 500 Hz) is defined as
“rumbly.” A spectrum rich in
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NCB-50
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sound pressure level (dB Re: 20 uN/nf)

high frequency sound (1,000 Hz

to 8,000 Hz) is defined as
NCB-40
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“hissy.” The previously
described criteria formoderately
and clearly noticeable vibration
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Threshold of
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are also used with the NCB
rating method. As with the RC
method, spectra found not to

[/
e,

NCB-20

[N NN
[ SSAS SIS

|/
/

0 | ‘

exceed rumble, hiss, nor
noticeable vibration criteria are

considered to be “neutral”
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Figure 04: Balanced Noise Criteria Curves (NCB)
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The rumble criterion is defined as the NCB
curve with a value 3 dB higher than the curve
determined on the basis of SIL. The rumble
criterion curve extends only between 16 Hz and
500 Hz. Figure 5 presents the rumble criterion
curve corresponding to the NCB-44 spectrum
shown. Note that the spectrum exceeds the
NCB-47 rumble criterion, therefore the
spectrum shown would be characterized as
“rumbly.” It also exceeds the “moderately
noticeable vibration” criterion curve.

Figure 05: Balanced Noise Criteria Curves (NCB)

Rumble Criterion.
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The hiss criterion is somewhat more complicated to
determine as illustrated in Figure 6. The hiss criterion
curve is the arithmetic average of the three NCB curve
values intersecting the spectrum at 125, 250, and 500
Hz, in this case NCB-49. Note that the spectrum does
not fall above the NCB-49 hiss criterion curve, therefore
the spectrum is not “hissy” according to ANSI S12.2.

Figure 06: Balanced Noise Criteria (NCB)
Hiss Criterion Curve.
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RC Mark IT Rating Method.
This rating method is similar to the
RC rating method in that the L,
value is used as the rating value.

90

Room Criteria (RC) Mark Il Curves
(Blazier, 1997)

It has been developed and
published by Blazier (1997) and is
expected to be included in the 80

|
Clearly
noticeable

forthcoming ASHRAE
2001 Fundamentals Handbook

-~
o

vibration

Moderately

(ASHRAE, 2001). The method
differs from the RC rating method
in principally in two respects.

[=1]
o

noticeable
vibration

First, the RC curves used in the RC
Mark II method differ slightly in
that they are flat, rather than

/
| (@] J/ =]

wn
o

sloped, in the 16 to 31 Hz bands as
noted in Figure 7 and as also shown

B
o

for the RC 46 curve in Figure 3.
Second, the RC Mark II rating

method differs in how qualitative %

RC 50
1RC 45 ,

sound pressure level (dB re: 20 microN/m2)

characteristics of sound are
computed. This new method uses
two new quantities for computing 20

RC 40
RC 35}3

qualitative characteristics of sound.
These are the “energy-average

RC 30

Threshold of
Audibility RC 25

spectral deviation factors” and the 10
“quality assessment index.” As seen
in Figure 7, the RC Mark II rating
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method divides the audible

frequency range into three

regions— low (16 to 63 Hz), middle

(125 to 500 Hz), and high (1000 to

4000 Hz). Excess sound in these

ranges are indicated as being perceived respectively as

“rumble”, “roar”, and “hiss.” The RC Mark II qualitative

rating method can be divided into three steps as follows:
Step 1 is to determine the RC rating using the L, _ as

previously discussed. For convenience, this curve should

be plotted together with the spectrum or listed in a table

as discussed below.

16 3

Step 2 is to calculate the energy-average spectral
deviations in each of the three previously mentioned
frequency regions. These are as follows:
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Figure 07: Room Criteria (RC) Mark II Curves
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In the above relationships, the DL, values are the
differences between the spectrum value and the RC curve
value at that frequency.

The third step is to determine the quality assessment
index (QAI). The QALI is the difference between the
highest and lowest energy-average spectral deviations.
Ifthe QAT is less than or equal to 5 dB, then the spectrum
is presumed to be neutral, i.e. exhibiting proper balance
between low, mid, and high frequency ranges.
Accordingly, the qualitative descriptor following the RC
rating would be (N). If the QAI is greater than 5 dB,
then the qualitative descriptor would be determined by
the maximum energy-average spectral deviation and
signified (LF), (MF), or (HF). If the spectrum exceeds
the moderate or clearly noticeable criteria, the qualitative
descriptors (LV,) or (LV,) would also be used. It is
possible that two descriptors would be needed, i.e. one
of (N), (LF), (MF), or (HF) and one of (LV,) or (LV,).

Figure 8 includes the previously considered
spectrum and the neutral RC Mark II curve. The
qualitative descriptor can be computed using the above

i
LMF.

three-step process. Figure 8 contains a table presenting
the qualitative descriptor computation method.

The following is a brief explanation of the worksheet
in Figure 8.

Line 3 is the measured or calculated sound pressure level
spectrum.

Line 4 is the L, the arithmetic average of sound
pressure levels at 500, 1000, and 2000 Hz and is
also the RC Mark II rating of the spectrum.

Line 5 is the corresponding neutral RC curve.

Line 6 includes the three band groupings centered in
each three-band set.

Line 7 lists the arithmetic differences between the
spectrum and the RC curve values in each frequency.

Line 8 includes the energy-average spectral deviation factors.

Line 9 is the arithmetic difference between the highest

and lowest energy-average spectral deviation
factors.

Line 13 is the clearly noticeable vibration criterion

Loleve

G0 e

Figure 8. RC Mark Il Rating and QAI Worksheet.
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Line 14 is the arithmetic difference between the measured
spectrum levels of line 3 and the clearly noticeable
vibration criterion of line 13.

Line 18 is the moderately noticeable vibration criterion

Line 19 is the arithmetic difference between the measured
spectrum levels of line 3 and the clearly noticeable
vibration criterion of line 18.

Figure 9 presents a summary of the RC Mark II
rating for the spectrum shown in Figure 7 and entered
mto the table of Figure 8. A copy of a Microsoft Excel
spreadsheet to perform the RC Mark II computations
for a given spectrum is available from the ASHRAE
technical committee on sound and vibration (TC 2.6)
and from the author of this paper.

Having determined an RC Mark II rating, Blazier
provides a means to determine how a room occupant might
like respond to a given spectrum. Occupant subjective
responses are indicated as: “acceptable”, “marginal”, and
“objectionable”. These responses presume that the RC rating

- RC Neutral Curve

'LFVA or LFVB or neither? LFVa

: Ené'rg.yaaverage'.spébtral deviations

: ; LF ; 4.8

MF R o

_ ML 08

Quality Assessment Index s

QA HEn

- Qualitative descriptor- : SN
Spectrum RC Mark il Rating RC 46(N,LFV,}

R

Figure 9. Summary of Qualitative Descriptor Computation
for Spectrum of Figure 7.

(which is the L,,.) is consistent with recommendations for
such ratings on the basis of space use. The subjective
responses are provide in Figure 10 (Blazier, 1997).
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PROPOSED RNC RATING METHOD

CASE HISTORIES

American National Standards Institute Working
Group 18 is the technical entity charged with up-
dating ANSI S12.2-1995 Criteria for Evaluating
Room Noise. Currently, the standard is under the
usual review process associated with periodic
reaffirmation. During this review process, a new
method for evaluating room noise has been submitted
for working group consideration. The method known
as the Room Noise Criteria (RNC) rating method is
a consolidation of the NCB and RC methods.
Besides spectral balance among frequency ranges,
the method also considers the impact of variations
in low frequency sound with time. Such variations
are often described as a “surging” sound associated
with variations in airflow in large duct systems.
Along with a new set of curves, the new method
includes a means to compute a qualitative descriptor
for a measured or calculated room sound pressure
level spectrum. A paper by Schomer (Schomer,
2000) is currently under peer review for publication
in Noise Control Engineering Journal, the archival
journal of the Institute of Noise Control Engineering/
USA (INCE/USA). Initial review of the proposed
RNC rating method has been favorable and would
use a tangency method instead of a arithmetic band
average such as used by the NCB, RC, and RC
Mark II rating methods. Highlights of the proposed
method are:

e A new set of curves representing an “averaging” of
NCB and RC curves.

* Use of a tangency method for determining a
spectrum RNC rating.

e Use of measured (or calculated) peak-to-peak
variation and standard deviation of sound pressure
level with time in the 16, 31, 63, and 125 Hz
octave bands.

e Weighting and combining of the 16, 31, and 63 Hz
octave band levels to determine a lowest frequency
band closely matching the critical band of human
hearing in the low frequencies.

In order to examine the differences between the use
of NCB and RC rating methods, 238 measured sound
pressure level spectra were obtained from consulting
project files of Cavanaugh Tocci Associates, Inc. These
represent a variety of spaces including offices, hotel
guestrooms, hospital patient rooms, classrooms,
laboratories, etc. Most represent at least minor problems
to the users, either by sound levels being too high and/
or containing pure-tone components.

Figures 11 through 14 present relationships between
measured sound levels; and NC, NCB, and RC ratings
for the 238 measured spectra. Figure 11 presents the
relationship between linear (overall) and A-weighted
sound pressure level. Also provided is the linear regression
relating linear and A-weighted sound levels and the
coefficient of determination. In Figure 11, A-weighted
sound pressure levels are, as expected, consistently lower
than unweighted levels, but not in a fashion that produces
a regression line that has a slope of 1.0.

A-Weight SPL as a Function of Overall
(Linear) SPL
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Figure 11: A-Weight SPL as a Function of
Overall (Linear) SPL
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Figure 12 presents the relationship between NC
tangency) and NCB ratings for the 238 spectra analyzed.
It 1s seen in this figure that the NC (tangency) rating is
consistently higher than the NCB rating. Again, this is
as expected since the NC tangency method seeks the
highest curve value reached by the spectrum. By the
very nature of the NCB rating method, the NC tangency
rating method will almost always produce higher values
than will the NCB rating method.

NCB Rating as a Function of

NC (Tangency) Rating
80
y = 07577x+4.0208
R? =0.6868 -

60
=]
L=
z

o 40
o
z

20

0

0 20 40 60 80
NC (Tangency) Rating

Figure 12: Relationship between NCB and NC
(Tangency) Ratings

In Figure 13, the relationship between NCB and RC
and RC Mark II ratings is shown to be very consistent,
“ollowing a regression slope of approximately 1.0 and
with only a small y-intercept. This suggests that
statistically, the NCB and RC ratings of spectra will be
verv nearly the same. Hence, NCB and RC criteria values
ased to establish acceptable sound levels in building
spaces should be very nearly the same as well, or at most
RC ratings should be set about 2 dB higher than NCB
ratings for identical spaces. This is as expected since RC
and NCB ratings are based on averages of sound pressure
levels over nearly identical frequency ranges.

RC orRC Mark Il Rating as a Function of
NCB Rating
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Figure 13: Relationship between NCB and RC
and RC Mark II Ratings
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Figure 14: Relationship between NCB (Tangency)
and NC (Tangency) Ratings
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Figure 14 presents the relationship between NCB
tangency and NC tangency ratings. As these sets of
curves are very nearly identical, the corresponding
ratings are also very nearly identical. Note that only
spectra with tangency points falling within the frequency
range covered by the NC curves (63 Hz to 8,000 Hz)
have been included.

Figure 15 presents correlations between the
determinations of rumble and hiss criteria using NCB
and RC methods for the 238 spectra evaluated in this
study. The figure presents four correlations covering
combinations of agreement and disagreement between
the two methods for ascribing rumble and hiss
characteristics to measured criteria.

- NCB only
~ Both rumble

. Spectraontef o e
criteria range

HGoaly s 0 26,
p RCMarklionly - " =~ 68

Né"i:the'r' '_ru_m_bi'e o

Figure 16. Correlation between RC and RC Mark II: Determinations of Rumble and Hiss for Measured Spectra

48

In Figure 15, “NCB only” means only the NCB
rating determined the spectrum to be rumbly, but not
the RC rating, etc.

Of the 238 spectra, all excluded data in the 16 Hz
band. In addition, a few had no data in the 31 Hz band,
and several had no data at high frequencies because levels
were low and of little interest to the evaluation of the
problem at hand. Missing data in the 31 Hz band were
approximated by setting the 31 Hz band sound pressure
level equal to the 63 Hz sound pressure level. The missing
high frequency data were approximated by continuing
the spectrum from the highest band for which data was
report at a negative 5-dB slope. In addition, 42 spectra
had L, values outside of the RC 25 to 50 range.
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Neither hiss
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Figure 17. Correlation between NCB and RC Mark I1: Determinations of Rumble and Hiss for Measured Spectra

CONCLUSIONS

The approximate 70-year history of noise
criteria has been briefly reviewed, with detailed
descriptions provided for noise rating methods in
current use. Currently used methods in the
literature for rating room sound level spectra
include the Noise Criteria (NC), Room Criteria
(RC), Balanced Noise Criteria (NCB), and RC Mark
11 curves. Of these, only the RC and NCB curves
are defined in standards, in this case ANSI S12.2
(ANSI, 1995). Both methods provide a means for
rating spectra on the basis of an octave band
arithmetic average of sound levels. As discussed
these are the L and the SIL, where the former is
used with RC ratings and the later with NCB
ratings. In addition, both methods have a quality
descriptor that indicates perceived spectrum
balance between low and high frequencies.

The older, more widely used NC curves are
standardized through the technical literature and have
no fixed method of use to determine the NC rating of a
spectrum, except that the “tangency” method has come
m to wide use for this purpose.

The RC Mark Il method is a further development of
the RC method and uses curves nearly identical to the
RC curves defined in ANSI S12.2. The RC Mark II
method differs from the RC method considerably in the
way it ascribes a spectrum quality descriptor to a sound
pressure level spectrum.

Finally, a new rating method, the Room Noise
Criteria (RNC) method, has been briefly discussed
in advance of its anticipated publication in the
Noise Control Engineering Journal. The method
attempts to combine the favored attributes of the
NC, RC, and NCB rating methods by using curves
that represent a compromise between RC and NCB
shapes, and by using a tangency method for
determining spectrum rating.

In order to investigate differences between NC,
NCB, RC and RC Mark II rating methods, each
method has been implemented on a series of 238
measured spectra. Resulting NC, NCB, RC, and
RC Mark II ratings have been correlated using
regression methods. General observations on the
similarities and differences between these methods

are as follows:



Room Noise Criteria: The State-of-the-art in the Year 2000

1. On the basis of the 238 spectra studied, the RC
rating of a spectrum tends to be about 2 dB higher
than NCB rating of the same spectrum. This is
logical since the NCB method uses a four band
(SIL) average and the RC method uses only the
three lower (500, 1000, 2000 Hz) of the these four
bands (L, ., mid-frequency average). Since the
sound level in the fourth band (4000 Hz band) is
usually lower than the sound level in the three
lower frequency bands (500, 1000, 2000 Hz), the
four band average will usually be lower than the
three band mid-frequency average.

2. Generally speaking, the NCB method tends to be
more sensitive to evaluating rumble characteristics
than the RC method, at least on the basis of the
spectra evaluated. Itis believed that this observation
is aresult of measured spectra having low frequency
peaks at 63 Hz or higher. It is believed that the RC
method is more sensitive than the NCB method to
low frequency rumble sound at 16 and 31 Hz.
Hence, it is believed that spectra having significant
amounts of sound energy in these lowest bands, it
would more likely be determined to be rumbly by
the RC method than by the NCB method.

3. The RC method appears to be somewhat less
sensitive to hiss than the NCB method. Of the 51
spectra identified as being hissy, only 13 of the
spectra were determined to be hissy by both methods.

4. The RC and RC Mark II methods are identical in
the way spectra are rated, but differ significantly in
they way the spectrum balance quality is evaluated.
It is apparent that the RC Mark II method is more
sensitive to rumble and hiss than is the RC method.
In addition, there is a wide disparity between spectra
indicated as being hissy using the two methods.

5. There appears to be good agreement between the
NCB and RC Mark II methods for determining the
presence of rumble. However, this is not true for

the evaluation of spectrum hiss.
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RESUMO

Esse trabalho consiste num levantamento de da-
dos sobre poluicdo sonora realizado no periodo de 1988
2 1998 na cidade de Fortaleza, pela Divisdo de Con-
role da Polui¢@o Industrial — DICOP da Superinten-
déncia Estadual do Meio Ambiente — SEMACE. E esta
fundamentado nos relatorios expedidos pelos técnicos
da DICOP, apos procederem inspegdes, que tiveram
como causa dentncias de poluicdo sonora chegadas a
SEMACE.

Foram coletadas no total 243 (duzentos e quarenta
e trés) fontes fixas de polui¢do sonora, excetuando-se
um evento de fonte movel, o FORTAL (carnaval fora
de época), assim distribuidos: atividades industriais

serrarias, metalurgicas, panificadoras, sorveterias,
premoldados, renovadoras de pneumaticos, confecgoes,
lavanderias, fundigdes, ragdes, reciclagens de P.V.C,,
beneficiamento de castanhas-de-caju, marmorarias,
fabricacdo de gelo, artefatos de fibra, unidades de en-
zarrafamento, fiagdes ¢ tecelagens, calgados,
beneficiamento de papel, industrializacdo de pescados,
=1c.), no total de 123 (cento e vinte e trés); diversdes
bares, restaurantes e casas de show), no total de 66
sessenta e seis); prestadoras de servigos (hotéis, ofi-
cinas mecanicas, montagens de som, graficas, postos
de gasolina, supermercados, bancos, academias de gi-
nastica, buffet, colégios, radios comunitarias, empre-
s2s de telecomunicagdes, armazéns frigorificos, etc.),
no total de 35 (trinta e cinco); eventos (FORTAL — car-
naval fora de época), no total de 13 (treze); cultos reli-
£10s0s, no total de 04 (quatro) e diversos (loja comer-
c1al, ensaio de banda musical), no total de 02 (dois).

Em varias dessas fontes poluidoras foram realiza-
das seguidas inspegdes, até a solugdo definitiva do pro-
blema da poluigdo sonora, sendo que tomamos como
referéncia para estudo do nosso trabalho a primeira ins-
pecao com o maior valor medido.

PALAVRAS-CHAVE: Polui¢do Sonora, Conforto
Acustico, Niveis de Ruido.

INTRODUCAO

O presente trabalho versa sobre Polui¢do Sonora: Um
Levantamento de Dados da Cidade de Fortaleza no Peri-
odo de 1988 a 1998 ¢ consideramos relevante discorrer-
mos sobre os termos que norfeiam a nossa pesquisa: o
som ¢ o ruido. Segundo a Associacao Brasileira de Nor-
mas Técnicas — ABNT, o som € definido como toda e
qualquer vibragdo ou onda mecanica em um meio elasti-
co, dentro da faixa de dudio-frequéncia; simplificadamente
o som ¢ entendido como qualquer variagdo de pressdo
(na agua, no ar ou outro meio qualquer) que o ouvido
humano possa detectar. O ruido ¢ caracterizado como um
conjunto de sons indesejaveis ou que provoquem uma
sensacido desagradavel. Entretanto, os sons sdo
polissémicos, ou seja, possuem significados diferentes
para pessoas diferentes. Muitas vezes um som agradavel
para uns pode ser um ruido para outros.

O rapido crescimento das cidades brasileiras, e em
particular das capitais, Fortaleza ndo fugindo a regra, ¢ um
fato incontestavel e ndo existem indicacoes de que taxas
de crescimento hoje ocorrentes venham a decrescer em um
futuro proximo. Tal crescimento ¢ acompanhado por vari-
os problemas, muitos deles afetando diretamente a quali-
dade de vida dos habitantes. Um desses problemas ¢ o ru-
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ido urbano ou comunitario, que pode ser originado princi-
palmente por: fontes fixas (industrias, casas de diversdes,
bares, restaurantes, templos religiosos, construgdo civil,
prestadoras de servicos, aeroportos, etc.) ¢ fontes méveis
(veiculos automotores, avides, navios, trens, etc.).

A poluigdo quimica do ar, da dgua e da terra deixa
muitos tragos visiveis de contaminagido, muitas doengas
e até mortes, devido as alteragdes do meio e pode ser
identificada por qualquer pessoa. Mas, a poluigédo sono-
ra, mesmo em niveis exagerados, produz efeitos imedia-
tos moderados. Seus efeitos mais graves vio se implan-
tando com o tempo, como a surdez, que nio demora a se
acompanhar as vezes de desesperadores desequilibrios
psiquicos e de doencas fisicas degenerativas.

A preocupacdo com o crescimento da poluigio so-

nora e seus efeitos na populagdo tem sido alvo de pes-
quisas e os estudos mais aprofundados sobre o tema
acentuaram-se a partir da década de 70. No Brasil fo-
ram realizadas pesquisas e trabalhos sobre o assunto,

dentre eles o relativo a cidade de Belo Horizonte, dos
autores Pimentel-Souza e Alvarez [12] e que teve gran-
de repercussdo na midia a nivel nacional.

Como trabalhamos num 6rgdo que trata da Politica
Ambiental no estado do Ceara, e tendo como atribuigdes a
fiscalizagdo e o controle da poluicio atmosférica, hidrica,
sonora e de residuos solidos, principalmente de fontes in-
dustriais, preocupa-nos sobremaneira o problema relativo
a poluigdo sonora, que se configura através da acentuada
clevacdo da quantidades de deniincias chegadas ao 6rgio
SEMACE e em outros 6rgdos que atuam na politica e con-
trole das questdes ambientais, tais como: Prefeitura Muni-
cipal de Fortaleza através de suas Secretarias Executivas
Regionais, Ouvidoria Geral do Estado do Cearé - Ouvidoria
Ambiental, Secretaria da Seguranga Publica e Defesa da
Cidadania - Comando de Policiamento da Capital - PM.C.
— COPOM e Procuradoria Geral da Justica do Estado do
Ceara — Centro de Apoio Operacional do Meio Ambiente,
conforme tabelas abaixo:
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Tabela 1: Quanttdade de Deniincias Recebtdas pela SEMA CE

Tabela 2: Quantidade de
- Inspegoes Realizadas
- pela SEMACE-DICOP

- Tabela 3: Quantidade de
Denuncias Recebidas

pela Prefeitura Mumczpal de F ortaleza P M F Atraves de suas 06 ( seis ) Secretarms Execufzvés Regionais — SER
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Tabela 6: Quantidade de denuncias recebidas pela Procuradoria Geral de Justiga do

Tabela 4: Quantidade de Denuncias Recebidas
pela Ouvidoria Geral do Estado do Ceard —
Ouvidoria Ambiental/Ano de 1998

Tabela 5: Quantidade de Atendimentos pela
Secretaria da Seguranca Publica e Defesa da

Cidadania — Comando de Policiamento da
Capital — PM.C. - COPOM

385 04

Estado do Ceard — Centro de Apoio Operacional do Meio Ambiente.

METODOLOGIA E EQUIPAMENTOS

Para o estudo em questdo vamos utilizar critérios
ciferentes de legislagOes e equipamentos, atendendo as
prerrogativas legais:

Periodo compreendido
entre janeiro de 1988 e abril de 1992.

Como legislacdo, para os ruidos externos, utiliza-
mos a Portaria de n° 092 de 19 de junho de 1980 do
Ministério do Interior, a qual estabelece que a emissdo
Ze sons e ruidos, em decorréncia de quaisquer ativida-
Ze=s industriais, comerciais, socials ou recreativas, in-
clusive as de propaganda, obedecerd, no interesse da
saude, da seguranca e do sossego publico, aos padrdes,
critérios e diretrizes estabelecidos nesta Portaria. Con-
siderando-se prejudiciais a saude, a seguranga € ao sos-

sego publico, os sons ¢ ruidos que atinjam, no ambiente
externo do recinto em que tem origem nivel de som de
mais de 10 dB(A), acima do ruido de fundo existente no
local, sem trafego; e independentemente do ruido de
fundo, atinjam no ambiente exterior do recinto em que
tem origem, mais de 70 dB(A), durante o dia e 60 dB(A)
durante a noite.

Para os ruidos internos, utilizamos a Norma NB-95
- Niveis de Ruidos Aceitaveis da Associacdo Brasileira
de Normas Técnicas - ABNT, a qual estabelece que os
niveis de ruidos aceitaveis em ambientes internos onde
se realizam atividades de comércios, industrias, arte,
ensino, esporte e outros. Para efeito dessa Norma, o ni-
vel de ruido aceitavel é o valor maximo do nivel de som,
dado em decibéis, que permite o minimo de conforto a
maioria dos ocupantes de um determinado ambiente, que
para residéncias ¢ de 40 dB(A).
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Ministério do Interior (Ruido Externo)
NB - 95 (Ruido Interno)

Para a medicao dos niveis de ruidos considerados na
presente Portaria, o aparelho medidor de nivel de pressao
sonora, conectado a resposta lenta, devera estar com o
microfone afastado no minimo de 1,50m (um metro e
cingiienta centimetros) da divisa do imovel que contém a
fonte de som e ruido, e a altura de 1,20m (um metro de
vinte centimetros) do solo. O microfone do aparelho me-
didor do nivel de pressao sonora devera estar sempre afas-
tado, no minimo, de 1,20m (um metro e vinte centime-
tros) de quaisquer obstaculos, bem como, guarnecido de
tela de vento. Todos os niveis de som sdo referidos a cur-
va de ponderagdo (A) dos aparclhos medidores.

Equipamentos utilizados:

* Medidor de nivel de pressdo sonora classe tipo I,
que atenda as recomendagdes da EB 386/74 da
ABNT, de marca Entelbra Industria Eletrénica Ltda.
Modelo ETB- 142.A, série AN 26, com precisdo de
mais ou menos 0,3 dB, referéncia 100 dB a 1000
Hz, microfone: A condensador tipo “ L “ (ANSI- S1
12 — 1976); e audio-calibrador ETB — 135.A n° 50,
que fornece um sinal senoidal estdvel na freqiiéncia
de 1000 Hz com 94 dB de pressdo sonora.

* Medidor de nivel de pressdo sonora, que atenda as
recomendacoes da EB 386/74 da ABNT, de marca
Entelbra Industria Eletrénica Ltda. Modelo ETB-
142 A, série AN 141, com precisido de mais ou me-
nos 0,3 dB, referéncia 100 dB a 1000 Hz, microfo-
ne: A condensador tipo “ L “ (ANSI- S1 12 - 1976);
e audio-calibrador ETB — 135.A n°® 276, que fornece
um sinal senoidal estavel na freqiiéncia de 1000 Hz
com 94 dB de pressdo sonora.

Os dados obtidos na curva de ponderacio (A) — a res-
posta dessa curva é a que mais se aproxima das caracteristi-
cas de resposta do ouvido humano para niveis de som de
baixa intensidade — foram convertidos para nivel de pressdo
sonora equivalente Leq(A) por meio de um microcomputador,
usando-se uma planilha do programa Excel.

70 db(A
- 40 db(A)

60 db(A)
40 db(A)

Tabela 7: Padroes de Emissdes Sonoras
do Ministério do Interior e NB - 95

Periodo compreendido entre
maio de 1992 a dezembro de 1998.

Como legislagdo, utilizamos a Resolugdo
CONAMA/n° 001 de 08 de margo de 1990, a qual esta-
belece que a emissdo de ruidos, em decorréncia de quais-
quer atividades industriais, comerciais, sociais, ou re-
creativas, inclusive as de propaganda politica, obedece-
ra, no interesse da satde e do sossego publico, aos pa-
droes, critérios e diretrizes estabelecidos nessa Resolu-
¢do. Sdo prejudiciais a saude e ao sossego publico, para
fins do item anterior, os ruidos com niveis superiores
aos aceitaveis pelas normas NBR 10.151 — Avaliagdo
do Ruido em Areas Habitadas, e NBR 10.152 — Avalia-
¢do do Ruido em Areas Habitadas, da Associagdo Bra-
sileira de Normas Técnicas — ABNT, visando o confor-
to acustico da comunidade. As medigdes deverdo ser
efetuadas de acordo com a NBR 10.151 da ABNT.

Para encontrarmos os niveis considerados nas le-
gislagdes acima, utilizaremos o nivel-critério que ¢ ex-
presso pela adi¢do das parcelas: 45 + Cp + Cz, onde:

* 45 ¢ o critério basico de ruido externo para areas
residenciais (expresso em dB(A));

* Cp ¢ a corregdo do critério basico para diferentes
periodos. Para o diurno (+ 0) soma-se mais 0 dB(A),
que compreende o periodo de 06 horas as 20 horas,
e para o noturno (—5) diminui-se 5 dB(A), que com-
preende o periodo de 20 horas as 06 horas;

* (Czé¢acorregdo do critério basico para uso residencial
em diferentes zonas.

De acordo com a Lei de Uso e Ocupagdo do Solo,
Lein® 7987, de 23 de dezembro de 1996 — Consolidada, a
cidade de Fortaleza tem predominéncia de zonas mistas.
(negodcios, comércios, administragido), em detrimento a
zonas estritamente residenciais urbanas. Na pratica, con-
tudo, encontramos atividades (industriais, diversdes,
prestadoras de servigos, eventos, cultos religiosos, etc.)
localizadas em zonas estritamente residenciais urbanas.
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Limites maximos de pressdo sonora:
* Para os ruidos externos as residéncias em areas do
tipo Residencial Urbana:
Periodo diurno: 45 +0dB(A)+ 10dB(A)=55dB(A)
Periodo noturno: 45— 5dB(A) + 10dB(A) =50dB(A)
* Para os ruidos internos nas residéncias (- 10) 10
dB(A) fator de correcgio:
Periodo diurno: 45+ 0 dB(A)+ 10 dB(A)— 10 dB(A)
=45 dB(A)
Periodo noturno: 45 — 5dB(A) + 10 dB(A) — 10
dB(A) =40 dB(A)

e Para os ruidos externos as residéncias em areas de
Centro de Cidade ou Zona Mista (negdcios, comér-
cios, administragao):

Periodo diurno: 45+ 0 dB(A) + 20dB(A) =65 dB(A)
Periodo noturno: 45—5 dB(A) +20 dB(A) =60 dB(A)

e Para os ruidos internos nas residéncias (— 10) 10

dB(A) fator de corregao:
Periodo diurno: 45 + 0 dB(A) +20 dB(A) - 10 dB(A)
=55dB(A)
Periodo noturno: 45 —5dB(A) +20 dB(A)— 10 dB(A)
=50dB(A)

: it
Zona Residencial Urbana (Ruido Externo)

Zonz Residencial Urbana (Ruido Interno) . 45 dB(A)
Zonz Centro da Cidade (Ruido Externo) 65 dB(A)
Zona Centro da Cidade (Ruido Interno) 55 dB(A)

Equipamento utilizado:

* Medidor de nivel de pressao sonora de precisdo de
marca Bruel & Kjaer tipo 2221, série n° 1597160 de
acordo com as normas da IEC 651 tipo 1, DIN IEC
651, classe 1 e ANSIS1.4-1971 tipol, com Certifica-
do de Calibragdo de n° 0124/1999 em 10 de margo de
1999 certificado pelo Instituto Nacional de
Metrologia, Normalizacdo e Qualidade Industrial —
INMETRO:; microfone capacitivo de marca Bruel &
Kjaer tipo 4176, série n° 1604593, guamecido com
tela de vento, com Certificado de Calibragdo de n°
125/1999 em 16 de margo de 1999 certificado pelo
Instituto Nacional de Metrologia, Normalizagdo ¢
Qualidade Industrial - INMETRO; e audio-calibrador
de marca Bruel & Kjaer tipo 4231, série n° 2095307,
que fornece um sinal senoidal estavel na freqiiéncia
de 1000 Hz com 94 dB de pressdo sonora de acordo
com as normas IEC 942 de 1988 classe 1, ANSI S1.40-
1984 e IEC 942/1988 classe 1, com Certificado de
Calibragdo de n° CA 980438 em 18 de maio de 1998
certificado pela Bruel & Kjaer.

55 dB(A)

50 dB(A)
40 dB(A)

~ 60 dB(A) - Tabela 8: Padrdes de Emissées Sonoras
50 dB(A)  da NBR- 10151

Os dados obtidos na curva de ponderagio (A) fo-
ram medidos diretamente na fung¢do Leq(A) - nivel de
pressdo sonora equivalente ou convertidos para Leq(A)
por meio de um microcomputador usando-se uma
planilha do programa Excel.

DISCUSSAO DOS RESULTADOS:

Utilizamos no presente trabalho as fontes fixas de
polui¢do sonora e, em maior numero, as de atividades
industriais, pois de acordo com as atribuigdes, existe um
acordo técito entre os orgdos — chamado de “Quem ¢
Quem no Controle Ambiental” — que trata das questdes
ambientais determinando as competéncias de cada um.
Isto ndo impede o fato de que, quando solicitado, um
orgdo atue em area que implicitamente ¢ competéncia
de outro. Por esse acordo, a Superintendéncia Estadual
do Meio Ambiente - SEMACE trata, principalmente das
questdes, em termos de polui¢do sonora, de atividades
industriais. Na Tabela 9, encontramos as quantidades
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de inspegdes realizadas pela SEMACE — DICOP, divi-
dida por atividades. Nos graficos abaixo, temos cada
atividade especificada com as quantidades de inspecdes
realizadas e os valores obtidos por medicio, através de
medidores de pressdo sonora em Leq(A).

Tabela 9: Quantidades de Inspegdes por Atividades
Realizadas pela SEMACE - DICOP

Leq(A)
3

0 — e ' =
1 3 5 7 9 11 13 15 17 19 21 23
Quantidade de Indistrias |Gt J it dogsixlog aom
T relagdo a Legislagdo do Ministério do
~-Leq (A) Ruido Externo M.I. - 70 dB(A) —=-Leq (A) Ruido Interno NB 95 - 40 dB(A) - nterior e NB 95

Leq(A)

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
Quantidade de Industrias

~Leq(A) Ruido Externo NBR 10151 - Z.M. - 65 dB(A)

- Leq(A) Ruido Interno NBR 10151 - Z.M. - 55 dB(A)

Grdfico 2: Atividade - Industriais com +Leq(A) Ruido Externo NB 10151 -Z.U.- 55 dB(A) |
relagdo a Legislagdo NBR 10151 : = Leq(A) Ruido Intenro NBR 10151 - Z.U. - 45 dB(A) |
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Grafico 3: Atividade - Casas de
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Grdfico 5: Atividade - Eventos -
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Grafico 4: Atividade - Prestadora de
Servigos
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Quantidade de Inddstrias

—Leq (A) Ruido Externo M.I. - 70 dB(A)
-=-Leq(A) Ruido Externo NBR 10151 - Z.M. - 65 dB(A)

Grdfico 6: Atividade — Cultos Religiosos

CONCLUSAO:

De acordo com os resultados obtidos concluimos
que os niveis de ruidos a que a populagdo de Fortale-
za estéd exposta, em termos de fontes fixas, estdo aci-
ma dos padrdes ambientais vigentes, causando enor-
mes transtornos, em termos de polui¢do sonora, aos
moradores que residem nas circunvizinhangas dos em-
preendimentos fiscalizados.

O nosso trabalho esta baseado somente nas fon-
tes fixas de poluicdo sonora, representando apenas
um percentual do total das emissdes de ruidos aos
quais uma cidade como Fortaleza esta exposta.

Faz-se necessario, portanto, um levantamento
completo de fontes de polui¢do sonora da cidade
de Fortaleza e de outras cidades do Estado do Cea-
ra, dado o grande nimero de dentncias em termos
de poluicdo sonora das fontes fixas e principalmen-
te das moéveis que ndo foram contempladas nesse
trabalho.
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O boletim de 30 de junho da ABNT anun-
ciou a publicagdo da revisdo da norma NBR
10151 "Acustica - Avaliagdo do ruido em areas
habitadas visando o conforto da comunidade —
Procedimento" que passa a vigorar a partir de 1°
de agosto.

Esta revisdo contempla uma antiga ansiedade
dos acusticos em geral em ver a norma com um
texto mais claro e atualizado, embora saibamos

gue, em fung¢do da complexidade do assunto, no-

vas pesquisas e proposi¢oes estejam continuamen-
te se desenvolvendo.

O objetivo desta Norma permanece, ou seja,

ela "fixa as condigdes exigiveis para avaliagdo
da aceitabilidade do ruido em comunidades”
agora incluindo "independente da existéncia de
reclamacdes". A norma ainda "especifica um
meétodo para a medig@o de ruido, a aplicagdo de
correcOes nos niveis medidos se o ruido apre-
sentar caracteristicas especiais € uma compara-
¢do dos niveis corrigidos com um critério que

leva em conta varios fatores". E mais, "o méto-

do de avaliacdo envolve as medicOes do nivel
de pressdo sonora equivalente” em dBA(A), sal-
vo alguns casos particulares.

Um importante acréscimo a Norma se refere

20 fato de que "O medidor de nivel de pressdo
sonora e o calibrador actstico devem ter certifi-
cado de calibracao da Rede Brasileira de
Calibragdo (RBC) ou do Instituto Nacional de
Metrologia, Normalizagio e Qualidade Industri-
al (INMETRO), renovado no minimo a cada dois
anos". E também que "Todos os valores medidos
do nivel de pressdo sonora devem ser aproxima-
dos ao valor inteiro mais proximo."

Outra questio que surge com bastante freqiiéncia
quando da utilizacdo da Norma é quanto ao tempo de
medicdo que "deve ser escolhido de forma a permitir
a caracteriza¢do do ruido em questdo", e ainda, "A
medicdo pode envolver uma tinica amostra ou uma
seqiiéncia delas".

O nivel critério de avaliagdo para ambien-
tes externos depende de cada tipo de area, sen-
do agora seis o niumero de tipos de areas, cada
uma com niveis para os periodos diurno/notur-
no. A saber: Areas de sitios e fazendas (40/35);
Area estritamente residencial urbana ou de hos-
pitais ou de escolas (50/45); Area mista, pre-
dominantemente residencial (55/50); Area
mista, com vocag¢ao comercial e administrati-
va (60/55); Area mista, com vocacgio
recreacional (65/55) e Area predominantemen-
te industrial (70/60).

Se o nivel de ruido ambiente, antes chamado
de ruido de fundo, for superior a esses valores
para a 4rea € o horario em questdo, o nivel crité-
rio de avaliagdo assume o valor do nivel de rui-
do ambiente.

Para ambientes internos o nivel critériode ava-
liagdo € o nivel indicado acima com a corregdo de
-10 dBA para janela aberta e -15 dBA para janela
fechada. ' :

Acreditamos que a leitura completa da Norma
consiga dirimir a maior parte das dividas existentes
sobre a sua aplicacdo. Para quem vai utiliza-la, bom

trabalho!

Mauricy Cesar Rodrigues de Souza
Coordenador da Comissdo de Estudos de Desempenho

~ Actistico nas Edificagdes (CE-02:135.01) ABNT/CB-02
Comité Brasileiro da Construgio Civil - COBRACON



CONGRESSOS E EVENTOS NACIONAIS E INTERNACIONAIS

2000

22-23 August, Happy Valley-Goose Bay, Labrador,
Canada. Effects of Noise on Wildlife. Institute for
Environmental Monitoring and Research. Contact:

Rondine Cabot. e-mail: iemrhveb@cancom.net.
http://www.mun.ca/iemr.

27 august- 02 september de 2000, Chicago, Illinois —
USA. ICTAM 2000. Information: http://hshemp.
tam.uiuc.edu/ICTAM2000/

The Congress, ICTAM 2000, was invited by the U.S.
National Academy of Sciences upon the recommendation
of the U.S. National Committee on Theoretical and Applied
Mechanics. A consortium of universities will host the
meeting. The International Union of Theoretical and Applied
Mechanics is an international non-governmental scientific
organization belonging to the International Council of
Scientific Unions (ICSU). The International Congress of
Theoretical and Applied Mechanics (ICTAM) is held every
four years. It provides an important means of meeting the
objectives of IUTAM through the gathering of the mechanics
community. A list of ICTAM Congresses and their locations
is available. Congress participants are encouraged to submit
a paper. Papers are sought for all Pre-Nominated Session
topics, the Mini-Symposium topics, and related areas. If
none of the Pre-Nominated or Mini-Symposium topics seem
suitable, the prospective author is encouraged to state a new
topic name or provide relevant keywords. The paper must
be in English, and should present material that is novel and
preferably unpublished at the time of the Congress. All
papers presented at the Congress are by invitation based on
the recommendation of the International Papers Committee,
which is appointed by the Executive Committee of the
Congress Committee of IUTAM. No author will be invited
to present more than one paper. Prospective authors are
asked to submit only one paper for consideration.
Submission of a paper requires two steps: Electronic
submission of a brief Abstract and Mailed submission of an
Extended Summary. Deadlines: January 17, 2000 - Abstract
and the Extended Summary (The World Wide Web form is
not yet available. Please do not submit an Abstract by any

means before July 1, 1999), Extended Summary.

28 — 30 August, Nice, France. INTER-NOISE 2000.
(SFA, 23 avenue Brunetiére, 75017
Paris, France; Fax: +33 1 47 88 90 60;

http://internoise2000.loa.espci. fr)

29 August — 01 September, Quesnel, BC, Canada.
Tone Wood Forum, (J. Griffin, Island Mountain
Arts, P.O. Box 65, Wells, BC VOK 2RO,
Canada; Fax: + 1 250 994 3433; http://
WWww.imarts.com)

31 August — 02 September, Lyon, France. International
Conference on Noise and Vibration Pre-Design and

Characterization Using Energy Methods
(NOVEM). (Fax: +33 4 7243 8712; lva@insa.insa-
lyon.fr http://www.insa-lyon.fr/laboratoires/
lva.html)

Noise & Vibration Pre-Design and Characterization Using
Energy Methods a developing solution for industrial products
is a follow-up of 4 international congresses on acoustic
intensity organized by CETIM. It will cover all the energy-
related methods which have industrial potential and
applicability. The aim is to present the state-of-the-art and
perspectives of these methods when used for either early
design or characterization of noise and vibration of industrial
products. NOVEM will be held at the new Lyon Convention
Centre just after InterNoise 2000 - Nice. Lyon is linked to
Nice and Paris by TGV train and to major cities by air via
Satolas international airport. Welcome.

03 — 06 September, Lausanne, Switzerland. 5th French
Congress on_Acoustics — Joint Meeteing of the

Swiss and French Acoustical Societies.
(Fax: +41 21693 26 73)

07 — 08 September, Wellington, New Zealand. The
biennial conference of the New Zealand Acoustical

Society. Contact: Technical Programme Manager,
PO Box 11-294 Wellington, tel 644 472 5689,
fax 644 473 0456. e-mail: info@noise.co.nz

13 — 15 September, Leuven, Belgium. ISMA 25 -
International Conference on Noise and Vibration

Engineering. Contact: L. Notré¢ K.U. Leuven, PMA
Division, Celestijnenlaan 300B, 3001 Leuven,
Belgium. FAX: +32 16 32 29 87. http://www.mech.
kuleuven.ac.be/pma/events/isma/isma.html.

17 — 21 September, Vilnius, Lithuania. First
International Conference (10th Anniversary).
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12— 14 October, Milan, Italy.

Acoustical Society Lithuania, Kriviu 15-2, 2005
Vilnius, Lithuania. (Fax: +370 2 223451; e-mail:
daumantas.ciblys@ff.vu.lt )
& — 22 September, Zalew Solinski, Poland. 47th
Seminar on Acoustics (0SA2000). (E-mail:
osa@atena.univ.rzeszow.pl)

1 — 22 September, Portorz, Slovenia. 2nd Congress of

the Slovenian Acoustical Society, Contact: Mirko

Cudina, University of Ljubljana, Faculty of
Mechanical Engineering, Askerceva, 1000
Ljubljana, Slovenia. (Fax: +386 61 218 567. e-mail:
mirko.cudina@fs.uni-lj.si. http://www?2.arnes.si/

~ulifskes/kongresi/sda-sl.html)

'3 — 05 October, Kumamoto, Japan. 7th WESTPRAC,

Western Pacific RegionalAcoustics Conference.
Contact: The WESTPRAC VII Secretary,

Department of Computer Science, Kumamoto
University, 1-39-1 Kurukami, Kumamoto, 860-8555,
Japan. (Telephone: +81 96 342 3622. Fax: +81 96
342 3630;
kumamoto-u.ac.jp;

e-mail: westprac7@cogni.eecs.

http://www.cogni.eecs.
kumamoto-u.ac.jp/others/westprac? )

i — 06 October, Prague. EUROMECH Colloguium
on Elastic Waves in NDT, Prague. (Fax: +420 2 858
4695; E-mail: ok@bivoj.it.cas.cz)

International

Conference on Newborn Hearing Screening (Fax: +39
223993367/.60; http://www.biomed.polimi.it/nh2000)

16 — 20 October, Madrid, Spain. EAA Symposium on

Architectural Acoustics. Integrated with the meeting
directly below. Includes sessions on noise in
buildings. Contact: Sociedad Espaiiola de
Acustica (SEA), C/Serrano 144, E-28006 Madrid,
Spain. (Fax: +34 91 561 88 06. e-mail:
sea@fresno.csic.es. http://www.ia.csic.es/sea/

mdex.html)

i6 — 18 Octubre, Madrid , Espaiia. 2° Congresso
Iberoamericano de Acustica; ACUSTICA 2000: XXXT
Jornadas Nacionales de Acistica; TECNIACUSTICA
2000, IT Congreso Ibérico de Acustica y Symposium

EAA. (Languages: Spanish, Portuguese) (Sociedad

16

22

Espaiiola de Actstica. Serrano 144, 28006 Madrid,
Espaiia. Fax: 434 91 411 7651; e-mail: sea@fresno.
csic.es ; http://www.ia.csic.es/sea/index.html )

— 20 October, Beijing, China. 6th International

Conference on Spoken Language Processing.
ICSLP 2000 Secretariat, Institute of Acoustics, P.O.
Box 2712, 17 Zhong Guan Cun Road, Beijing 100
080, China;(Fax: +86 10 6256 9079; e-mail:
mchu(@plum.ioa.ac.cn ; http:// www.icslp2000.0rg)
— 25 Octubre, San Juan, Puerto Rico. IEEE

Ultrasonic Symposium. (Fax: +1 407 290 5181;
http://www.uffcsymp2000.org)

26 =27 Octubre, I@racruz,"Vet:, Mexico. 7° Congreso

24

Mexicano de Acustica (com participacion Interna-
cional). Informacion: M. en C. Sergio Beristin; Apar-
tado Postal 758035, Col. Lindavista 07300, Mexico
D.E. (Tel: (525)6(01) 5682-2830/(525) 6 (01) 5682-
5525.Fax: (525) 6 (01) 5523-4742. E-mail: sberista@
maya.esimez.ipn.mx / sberista@hotmail.com)

— 27 November, Hannover, Germany. 21st

Tonmeistertagung (VDT International Audio
Convention). (Convention Office VDT,
Am Zaarshiuschen 9, 51427 Bergisch-Gladbach,
+49 2204 21584,
http://www.tonmeister.de)

Germany; Fax:

03 — 05 December, Newport Beach, California, USA.

NOISE-CON 2000, the 2000 National
Conference on Noise Control Engineering.
Held as a joint meeting with the 140th meeting
of the Acoustical Society of America.
Contact: Institute of Noise Control Engineering,
P.O. Box 3206 Arlington Branch, Poughkeepsie,
NY 12603, USA. (Telephone: +1 914 462 4006;
FAX: +1 914 463 0201. e-mail: hg@ince.org)

04 — 08 December, Newport Beach, CA, USA. 140th

Meeting of the Acoustical Society of America.
Contact: Elaine Moran. Acoustical Society of
America, 500 Sunnyside Blvd., Woodbury,
NY 11797, USA. (Telephone: +1 516 576 2360;
FAX: +1 516 576 2377. e-mail: asa@aip.org ;
http://www.asa.aip.org)



mailto:daumantas.ciblys@ff.vu.1t
mailto:mirko.cudina@fs.uni-Ij.si.
http://www2.arnes.si/
mailto:westprac7@cogni.eecs.
mailto:sea@fresno.csic.es.
http://www.ia.csic.es/sea/
http://www.ia.csic.es/sea/index.html
mailto:mchu@plum.ioa.ac.cn;
http://www.tonmeister.de
mailto:asa@aip.org

Congressos e Eventos Nacionais e Internacionais

04 — 08 December, Newport Beach, CA, USA. 140th
Meeting of the Acoustical Society of America. (Fax:
+1 516 576 2377; http://www.asa.aip.org)

12 — 14 December, Bangalore, India. IUTAM

International Symposium on Designing for
Quietness. Contact: Professor M.L. Munjal.
(Telephone: +91 80 3600411 X 2303; FAX: +91 80
3600648. e-mail: munjal@mecheng.iisc.ernet.in)

2001

02— 05 January, Temuco — Chile. PACAM VII - Seventh
Pan American Congress of Applied Mechanics.

Information: Prof. G. Diaz, gediaz@tanimgo.cec.

on_Noise Control Engineering. (e-mail:
secretarv@internoise2001 .tudelft.nl; http://
www.internoise2001 .tudelft.nl)

uchile.ce and Prof.  Dean T. Mook, (2 _ 07 September, Rome, Italy. 17th International

sallv@vtvml.cc.vt.edu
05 — 09 March, Praia Mole Park Hotel, Floriandpolis,
Santa Catarina, Brazil. IX DINAME - IX

International Symposium on Dynamic Problems
of Mechanics. (e-mail: diname@mbox1.ufsc.br;

Congress on Acoustics. Contact: 17th ICA
Secretariat, Dipartimento de Energetica, Universita
de Roma “La Sapienza,” Via A. Scarpa, 14, 00161
Rome, Italy. (Fax: +39 6 4424 0183; http://

www.uniromal.it/energ/ica.html)

http://www.diname.ufsc.br) 10 — 13 September, Perugia, Italia. International

04 — 08 June, Chicago, 11I, USA. 141th Meeting of the
Acoustical Society of America. ASA, 500 Sunnyside

Symposium on Musical Acoustics, ISMA 2001.
(Fax: +39 75 577 2255. e-mail: perusia@eclassico.it)

Blvd, Woodbury, NY 11 797 - 2999, USA (Fax: +1 07 _ 10 October. Atlanta, GA, USA. 2001 IEEE

516 576 2377; e-mail: asa@aip.org; http://
WWWw.asa.aip.org )

14— 17 June, Patras, Grecia. Euronoise 2001. Tel: +30

International Ultrasonics Symposium joint with
World Congress Ultrasonic. (Fax: +1 217 244 0105;
http://www.ieee-uffc.org/2001)

61 99 63 43. (Fax . +30 61 99 63 44. e-mail: 17 — 19 Octubre, La Rioja, Spain. XXXII Congreso

euronoise200l@upatras.gr: http:// www.euro
noise200l.upatras.gr)

28 — 30 August, The Hague, The Netherlands. INTER-
NOISE 2001 - The 2001 International Congress

Nacional de Actistica - Tecniactstica 2001. Sociedad
Espaiiola de Acustica 144, 28006 Madrid, Espaiia.
(Fax: +34 91 411 76 51 e-mail: sea@fresno.csic.cs.
http://www.ia.csic.cs/sea/index.himl)

2002

19 — 21 August, Dearborn, Michigan, USA. INTER-
NOISE 2002, The 2002 International Congress and

51; e-mail: sea@fresno.csic.es; http://www.cica.es/
aliens/forum?2002)

Exposition on Noise Control Engineering. Contact: 02 — 06 Dieciembre, Cancun, Mexico. 9° Congreso Mexica-

Institute of Noise Control Engineering, P.O. Box 3206
Arlington Branch, Poughkeepsie, NY 12603, USA.
(Telephone: +1 914 462-4006:FAX: +1 914 462 4006)

18 — 21 Septiembre, Sevilla, Espaiia. Forum Acusticum
Sevilla 2002 - Tecniacuistica 2002; E4A-SEA-ASJ
Svmposium. Sociedad Espariola de Acustica, c/Serra-
no 144, 28006 Madrid Esparia. (Fax: +34 91 411 76

no de Acustica; 144th Meeting of the Acoustical Society

of America (ASA) y 3° Congresso Iberoamericano de
Acustica (FIA4). Informacion: M. en C. Sergio Beristain;
Apartado Postal 75805, Col. Lindavista 07300, Mexico
DF. (Tel: (525) 6 (01) 5682-2830 / (525) 6 (01) 5682-
5525. Fax: (525) 6 (01) 5523-4742. E-mail:
sberista@maya.esimez.ipn.mx / sberista@hotmail.com)
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Il CONGRESSO IBEROAMERICANO DE ACUSTICA - XXXI CONGRESSO NACIONAL DE ACUSTICA - TECNIACUSTICA 2000

DESENVOLVIMENTO DO CONGRESSO

Programa Provisorio do Congresso

Palestrantes Convidados

Dia 16 de Outubro, Segunda-Feira

16,00 a 19,00 h. Recepgao, registo dos assistentes e
entrega de documentacao

19,00 h. Acto de abertura e Conferéncia Inaugural

21,15 h. Inauguragao da Exposigéo Tecnica

21,30 h. Coéctel de benvinda

Dia 17 de Outubro, Terca-Feira

9,30 h. Sessodes Técnicas em paralelo

10,30 h. Conferéncia plenaria

11,30 h. Café

12,00 h. Demonstragbes Téecnicas plenarias

13,00 h. Conferéncia plenaria

14,00 h. Almogo

16,00 h. Deslocacgao a Sede Central do Conselho Su-
perior de Investigagoes Cientificas

17,00 h. Acto Académico comemorativo do XXV Ani-
versario do Instituto de Acustica, C.S.I.C.

20,30 h. Coctel

Dia 18 de Outubro, Quarta-Feira

9,30 h. Sessodes Técnicas em paralelo

11,30 h. Café

12,00 h. Sessbes Técnicas em paralelo

13,00 h. Conferéncia plenaria

14,00 h. Almogo

16,00 h. Conferéncia plenaria

17,00 h. Café

17,30 h. Demonstragtes Técnicas plenarias

18,30 h. Fim da Sesséo.

20,30 h. Recepcao oferecida pela Exma. Camara Mu-
nicipal de Madrid

Dia 19 de Qutubro, Quinta-Feira

9,30 h. Sessdes Técnicas em paralelo
11,30 h. Café

12,00 h. Sessdes Técnicas em paralelo
13,00 h. Conferéncia plenaria

14,00 h. Almocgo

16,00 h. Conferéncia plenaria

17,00 h. Café

17,30 h. Demonstragdes Técnicas plenarias
18,30 h. Fim da Sessao

21,00 h. Jantar do Congresso

Dia 20 de Outubro, Sexta-Feira

9,30 h. Sessodes Técnicas em paralelo
11,30 h. Café

12,00 h. Sessbes Técnicas em paralelo
13,00 h. Conferéncia de clausura

14,00 h. Acto de clausura

14,30 h. Coctel de despedida

e The current state of acoustic design of concerts halls
and opera houses.
Michel Barron, University of Bath (UK); Fleming
& Barron

* Ruido en Centrales de Transporte de Pasajeros.
Sergio Beristain, Instituto Mexicano de Acusti-
ca, México

¢ - Transmissao sonora en fluido.
Luis Braga Campos, Sociedad Portuguesa de
Acustica, Portugal

* Costo Social del Ruido Urbano en Santiago de Chile.
Eugenio Collados, Universidad de Santiago de
Chile, Chile

e The use of High Intensity Focused Ultrasound for
bloodless surgery.
Larry Crum, University of Washington, Seattle;
ICA President

e Estado de Arte para solugao das problemas
vibroacusticos por metodos numericos.
Samir N.Y. Gerges, SOBRAC, Universidad Fe-
deral de Santa Catarina, Brasil

¢ Influencia de impedancia en el patrén de radiacion
de bocinas.
Rafael Piscoya Rodriguez, Peru, Universidad
Tecnica de Berlin

* La aportacion de la Acustica al conocimiento de las
lenguas naturales.
Antonio Quilis, Laboratorio de Fonética, Consejo
Superior de Investigaciones Cienticias-C.S.1.C.-
Universidad Nacional de Educacién a Distancia
-UNED-, Espana.

¢ Disefno de la Sala de Opera del Teatro Argentino de
la Plata.
Rafael Sanchez Quintana, Pontificia Universidad
Catolica Argentina "Santa Maria de los Buenos
Aires", Argentina

Areas Tematicas

AAQ - Acustica Arquitetdnica

ARV - Acustica Ambiental, Ruido e Vibragoes
AFP - Acustica Fisiologica e Psicologica

AFS - Acustica Fisica e Processamento de Sinais
AMS- Acustica Musical

ASB - Acustica Sub-aquatica

BAC - Bio-acustica

ELI - Electro-acustica e Instrumentalizagao

ESI- Ensino e Investigacao

NOR - Normativa

PAC - Processamento de Palavra e Actistica da Comunicagéo
ULT- Ultra-Sons



Exposicao Técnica

Inscrigoes - Condigdes De Assisténcia

=xposicao Técnica e Atividades Anexas

Inscricao

Durante os dias do Congresso estara instalada uma Ex-
posicédo Técnica de Produtos e Servigos, na qual se espera a
participagao das mais prestigiosas marcas do sector, que te-
r2o a oportunidade de apresentar as suas Ultimas novidades.

Além da referida Exposicao Técnica programaram-
se outras actividades anexas que consistem em:

— Demonstragdes Técnicas de Produtos e Servigos.

— Exibicdo de Paineis Informativos de Produtos e Servigos.

— Entrega de Documentagao Técnica aos assistentes.

Estas actividades constituem uma excelente oportu-
nidade para que as empresas do sector possam mostrar
aos profissionais dos distintos campos da Acustica, par-
ticipantes no Congresso, as novidades existentes nos
produtos, equipamentos, materiais e servigos relaciona-
dos com a sua actividade.

As organizagbes e empresas interessadas em par-
ficipar nestas actividades, deverao solicitar a informa-
céo correspondente e a normativa de participacao a:

Comissao da Exposicao

Sociedade Espanhola de Acustica - SEA -

Calle Serrano 144, 28006 MADRID

Fax: 34 914 117 651E-Mail: sea@fresno.csic.es

Atividades Sociais

A Organizacao do Congresso previu o desenvolvi-
mento de um programa de actos sociais em conjunto
para congressistas e acompanhantes, com o propésito
de que a estancia em Madrid de todos os assistentes
seja o mais agradavel possivel.

O programa de actos sociais & o seguinte:

— 16 de Outubro, 19,00 h.: Acto Inaugural do Con-
gresso e Coctel de Benvinda.

— 17 de Outubro, 20,30 h.: Coctel comemorativo
do XXV Aniversario do Instituto de Acustica.

— 18 de Outubro, 20,30 h.: Recepcao oferecida pela
=xma. Camara Municipal de Madrid.

— 19 de Outubro, 21,00 h.: Jantar oficial do Con-
gresso e Espetaculo.

— 20 de Outubro, 14,00 h.: Acto de Clausura e
Coctel de Despedida.

Programa de Acompanhamtes

Com o fim de fazer agradavel a estancia em Madrid dos
acompanhantes, aproveitando as horas em que os partici-
pantes no Congresso estdo ocupados com as sessdes do
mesmo, a Organizacao previu a realizacao de visitas turisticas
para companhantes com o seguinte programa:

— Dia 17 de Outubro: Manha: Visita com guia a
Madrid e almogo em um restaurante tipico. Tarde: Visi-
ia com guia ao Museu do "Prado".

— Dia 18 de Outubro: Visita com guia ao Mosteiro do
“Escorial" e ao "Valle dos Caidos" com almogo incluido.

— Dia 19 de Outubro: Visita com guia a Avila e
Segovia ou a Toledo, com almoco incluido.

As inscrigcbes deverao formalizar-se através do for-
mulario que se anexa, o qual devera ser devidamente
preenchido e enviado a Secretaria da Sociedade Espa-
nhola de Acustica junto com o correspondente resguar-
do de transferéncia bancaria.

As inscricoes que sejam recebidas sem o corres-
pondente resguardo de transferéncia, nao terao qual-
quer valor.

Forma de Pagamento

O pagamento da inscrigdo efectua-se através de
Transferéncia Bancaria, livre de custos, a favor da So-
ciedade Espanhola de Acustica para a conta 0030 1405
69 0865193273. Uma copia da ordem de transferéncia
devera ser enviada junto com o Boletim de Inscrigéo.

Direitos dé Inscricéo

Congressistas:
Quota de inscricdo: 75.000 Pts (450 Euros).

Membros de SEA, SPA e RITUL e as Sociedades
pertencentes a FIA e EAA: 65.000 Pts (390 Euros).

A quota de Congressista inclui:

— Documentagao do Congresso.

— Assisténcia as sessdes técnicas.

— Almocos de trabalho.

— Servigcos de café durante as pausas.

— Visita a Exposigcao Técnica.

— Assisténcia as Visitas Técnicas.

— Assisténcia aos actos sociais.

Acompanhantes:
Quota de Acompanhante: 45.000 Pts (270 Euros).

A quota de Acompanhante inclui:
— Assisténcia aos actos de inauguracao e clausura.
— Assisténcia aos actos sociais.
— Assisténcia ao programa turistico de acompanhantes.

Viagens e Alojamento

Com o fim de fazer mais atractiva a assisténcia ao
Congresso, a Organizagao estabeleceu um acordo com
IBERIA, Linhas Aéreas de Espanha, através do qual os
interessados poderao beneficiar de uma condigdes es-
peciais que dita Companhia estabeleceu para os assis-
tentes ao Congresso. As ofertas aplicam-se exclusiva-
mente em voos encerrados de IBERIA. A validez dos bi-
Ihetes sera desde o dia 11 de Outubro ao dia 22 de Ou-
tubro, e a sua emissao faz-se nos Escritérios de IBERIA.

Para poder beneficiar-se destes descontos, o inte-
ressado devera acreditar a sua assisténcia ao Congres-
so. Para isso, uma vez recebido o boletim de inscricao
e o justificante de pagamento, sera enviado ao partici-
pante um recibo com o qual podera acreditar a sua
assiténcia ao Congresso.

Para a obtengio destas tarifas especiais tera que diri-
gir-se aos escritorios que IBERIA tém nas cidades mais
importantes.

.

Il CONGRESSO IBEROAMERICANO DE ACUSTICA - XXXI CONGRESSO NACIONAL DE ACUSTICA - TECNIACUSTICA 2000
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EIGHT INTERNATIONAL CONGRESS ON SOUND AND VIBRATION

02 - 06 JULY 2001

HONG KONG, CHINA

The Eighth International Congress on Acoustics and
Vibration sponsored by llAV, the International Institute
of Acoustics and Vibration, will be held in The Hong
Kong Special Administrative Region, China. IAV is
an international non-profit scientific society affiiated
to the International Union of Theorefical and Applied
Mechanics (IUTAM). AV is currently supported by 30
national and international scientific societies and
organizations. The Hong Kong Polytechnic University
and the Hong Kong Institute of Acoustics are the
organizers of the Congress.

The Eighth International Congress is part of a
sequence of congresses held in the USA (1990 and
1992), Russia (1993 and 1996), Canada (1994),
Australia (1997), Denmark (1999) and Germany
(2000), each attended by several hundred
participants worldwide.

Conference Venve

Hong Kong is located on the southeastern coast of
China, with a population of 7 million and an area
of 1,100 square kilometers. Located in the heart of
South East Asia, the Hong Kong International Airport
is served by most international airlines, which
ensures regular connections with hundreds of cities
around the world. While most of the population is
Chinese, Englishis the commonly spoken language
and the medium of instruction for local universities
and schools. The city has a culture enriched by a
mixture of Chinese tradition and Western customs.
It embraces a beautiful harbor which is an excellent
tourist attraction that makes Hong Kong an ideal
venue for international conferences.

The Congress will be held at The Hong Kong
Polytechnic University, which is a young university
but with a proud history. During the past 27 years,
more than 172,000 young men and women have
graduated from the University and our predecessor,
the Hong Kong Polytechnic. They have found their
places in various sectors of society, dedicating their
knowledge and expertise to the building and
development of Hong Kong's thriving economy. We
are resolutely committed to fulfilling our distinct
mission of providing application-oriented
education in meeting the community's need for
skilled and professional manpower.

All lecture rooms and theatres in the University
campus are equipped with the latest technical,
visual and communication facilities.

International Organizating
Committee

Malcolm J. Crocker (Co-Chairman, USA)
Ronald M. C. So (Co-Chairman, Hong Kong)
Colin Hansen (Australia)

Hanno Heller (Germany)

Finn Jacobsen (Denmark)

David Newland (England)

J. Tian (China)

Local Organizing Committee

R. M. C. So (Chairman, ME, PolyU)

K. M. Li (Vice Chairman, ME, PolyU)

M. K. L. Yeung (Vice Chairman, MMC, HKIE)
Vikkie Chan (Secretary, ME, PolyU)



Congress Program

The Congress program will include plenary
«=ynote addresses. There will be invited and
—onfributed papers and workshops on special
ropics as well as structured sessions in the areas
of sound and vibration.

4 tentative list of tenhical areas is listed below
out technical papers in all areas of acoustics
and vibration are welcome for inclusion in the
fechnical programme.

Contributed Papers

Theoretical and experimental research
oapers in the following subject areas are
solicited:

+ Active vibration control

+ Active noise control

+ Aerodynamic noise for high speed fransport
systems

+ Aeroacoustics and aviation noise

+ Architectural acoustics

+ Condition monitoring and diagnostics
+ Computational acoustics

+ Damping - passive and active

¢ Environmental/Community noise

+ Finite element/Boundary element
methods

Human response to sound and vibration
Inverse methods

Low frequency noise and vibration
Machinery noise and vibration control
Materials for noise and vibration control
Measurement techniques

Mechanisms of human hearing

Modal analysis

Musical acoustics

Noise control elements
Non-destructive festing

Non-linear acoustics and vibration
Occupational noise exposure and control
Outdoor sound propagation
Scattering of sound

Signal processing

Sound intensity and sound transmission
Sound sources

Statistical energy analysis

Structural acoustics and vibration
Transportation vibration and noise
Underwater acoustics

Urban noise environment

Vibration and shock

Vibration sources

Wavelet analysis

L R I I R R I R I I I CEEE I R I I I I L L L

Key Dates

v Submission (to the Congress Secretariat) of
200 word abstract no later than 1
December 2000

\ Notfification of acceptance 15 January
2001

\' Manuscripts (8 printed pages) due 15
April 2001

All correspondence, including submission of
abstracts and papers, as well as enquiries
about exhibition arrangements to be
addressed by mail, fax or e-mail to

The Congress Secretariaf ICSV8
c/o Dr. K. M. Li
Department of Mechanical Engineering
The Hong Kong Polytechnic University
Hunghom, Hong Kong, China

Tel: +852-2766-7992

Fax: +852-2365-4703
e-mail: mmicsv8@polyu.edu.hk

Registration Information

The congress registration fee is US$510 for
members of the International Institute of
Acoustics and Vibration and US$590 for others
or payment before 1 March, 2001 a discount
of US$50 will be given and for payment
between 1 March, and 1 June, 2001 a discount
of US$25 will be given.

Social Program and Technical Tours

We hope that spouses and other accompanying
persons will come to Hong Kong because we
have exciting programs planned for you.
Information will be available on Hong Kong and
its environs, such as restaurants, shopping, sports,
museums, nightlife, historical attractions and
other cultural events. It can also be obtained
from the web site http://www.hkta.org.

For all congress participants, there willbe a get-
together reception, a conference banquet
and a harbor cruise in the evening. Technical
tours will be arranged to visit noise barrier sites
and other constructions that are aimed to
reduce the noise levels in a densely populated
city. Also, tours will be arranged to visit a newly
constructed concert hall in Hong Kong. Post-
congress tours fo Mainland China and Macau
may be arranged upon request.

EIGHT INTERNATIONAL CONGRESS ON SOUND AND VIBRATION - ICSV8
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inter-noise’200

The Hague, Helland

THE 2001 INTERNATIONAL CONGRESS AND EXHIBITION ON
NOISE CONTROL ENGINEERING

27 - 30 AUGUST 2001

THE HAGUE, THE NETHERLANDS

Internoise 2001, the 30th International Congress on
Noise Control Engineering to be sponsored by I-INCE,
the International Institute of Noise Control Engineering,
will be held in The Hague, The Netherlands (or Holland),
on 2001 August 27 - 30.

The congress is organised by the Acoustical Society
of the Netherlands (NAG) and the Bond van
Materialenkennis.

The theme of internoise 2001 will be Costs &
Benefits of Noise Control.

Technical papers in all areas of noise control
engineering are welcome.

A technical exhibition will be held in conjunction
with internoise 2001. The exhibition will include
acoustic materials, passive and active devices for
noise control, software for acoustical instruments and
analyses, noise measurement instruments such as
sound level meters, sound intensity analysers, sound
and vibration spectrum analysers and noise
monitoring equipment.

The Hague is served by the International Amsterdam
Airport Schiphol and can be reached from the airport
within 30 minutes by taxi or by train.

The Congress will be held at the Netherlands
Congress Centre which is situated close to some of
the town’s largest hotels. The Hague has excellent
public transport.

Internoise 2001 will take place in conjunction with

the 17th International Congress on Acoustics, ICA, to
be held in Rome, Italy, on 2001 September 2

Topics of Special Interest

Special attention will be paid to the following topics,
for which a series of structured sessions will be organised:

¢ (Costs and benefits of noise control
e Active noise and vibration control
e Tyre/road noise

e Effects of noise on humans

Other topics for which structured sessions will be
organised are the following:

¢ Aerodynamic noise

e Aircraft noise

*  Array technology

*  Building noise control

e Car interior noise

* EU policy on noise

* Legislation on environmental noise
e Machinery noise

* Noise control in urban areas

¢ Noise mapping

* Noise at working stations

* Noise from domestic appliances
*  Qutdoor noise prediction

¢ Railway noise

¢ Road traffic noise

* Simulation techniques

* Sound quality

e Transducers

e Vibration isolators



Venue

Internoise 2001 will be held at The Netherlands
Congress Centre in The Hague, The Netherlands, on
2001, August 28 - 30, 2001.

The city of The Hague is the residence of the
Dutch Royal family, the Dutch government, and
leading international organisations (a.o. the
International Court of Justice). The Hague offers a
multifaced range of culture on architecture, museums,
dance and music. The west part of The Hague

Scheveningen) is situated along the beautiful North
Sea sand beach, an ideal place to get a breath of fresh
air and take a stroll on the promenade.

East of The Hague you will find the beautiful historic
city of Delft, only 15 kilometres away.

The Netherlands Congress Centre is situated close
to hotels, next to parks and only two kilometres from
the beach. The Hague is easy to reach by plane
(Amsterdam Airport Schiphol and Rotterdam Airport
Zestienhoven are both 25 kilometres from The Hague),
by car and by train.

See also the web site of:

http://www.denhaag.com/”images/
logoveb?2.gif http://www.denhaag.com/

Organization Committee

Congress Secretariat
P.O. Box 1067
NL-2600 BB Delft
The Netherlands
tel.: +31 15-2692428; fax.: +31 15-2625403
General Chairman
Tjeert ten Wolde
TNO-TPD and European Commission
internoise2001.tudelft.nl
Technical Program Chairman

chairman

Rinus Boone

University of Technology, Delft

technical.chaiman(@internoise2001.tudelft.nl
Exhibition manager

Rob Hoffman

Gerber Nederland

igbleerdam@wxs.nl

Information

We keep a listserver service to inform you about the
congress by e-mail.

To subscribe send an e-mail to
listserv(@dto.tudelft nl
with the following text in the body of the e-mail:
subscribe internoise

If you want information about the Exhibition, contact

Rob Hoffman at igbleerdam@wxs.nl

Other contact information can be found on the
Organization section of this web-site.

Call for Technical Contributions

Papers related to the technical areas listed on
the next page are especially welcome, but technical
papers in all areas of noise control may be
submitted for inclusion in the technical programme.
Abstracts should be submitted in the format
enclosed with this announcement. The deadline for
receipt of abstract is 2000 December 01.
Manuscripts for publication in the conference
proceedings are due on 2001 May 1.

Format for Submission of Abstracts

The abstract should consist of the following items:
1. Paper title (20 words maximum)
2. I-INCE subject Classification (see reverse side)
3. First author’s name, address, telephone, fax and e-
mail for correspondence
4. Additional author’s names and addresses (if any)
5. Text of the abstract, not exceeding 250 words.

The text should include:

* a brief description of the problem being addressed
and a short bibliography

e experimental or technical developments

* results and

¢ relevant discussion and conclusions

To send your abstract, we highly prefer that you use
this web site and follow the instructions.

These instructions are in preparation and will be
published on this web site in the near future.

For any technical questions please contact Rinus Boone
e-mail: technical.chairman@internoise2001.tudelft.nl

THE DEADLINE FOR RECEIPT OF
ABSTRACTS IS DECEMBER 1, 2000

THE 2001 INTERNATIONAL CONGRESS AND EXHIBITION ON NOISE CONTROL ENGINEERING - INTERNOISE 2001
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17t International
Congress on Acoustics

ROME, September 2-7, 2001

CHAIRMAN
A. Alippi

TECHNICAL CHAIRMEN
G. Brambilla - A. Paoloni

LOCAL ORGANIZING COMMITTEE
A. Bettucci - M. Germano - G. Ibba - M. Rossi

INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

S.S. Agrawal, India A. Krokstad, Norway
A. Alippi, Italy C. Legros, France

J. Blauert, Germany L.M. Lyamshev, Russia
G. Brambilla, Italy V. Mellert, Germany

P. Bury, Slovakia P.A. Nelson, UK

S.H. Crandall, USA A.S. Nikiforov, Russia
L.A. Crum, USA G.J. Quentin, France
G.A.Daigle, Canada G. Rasmussen, Denmark
C.G. Don, Australia A.S. Sliwinski, Poland
J.A. Gallego-Juarez, Spain H. Tachibana, Japan
S.N.Y. Gerges, Brazil S.W. Yoon, Korea

T. Kihlman, Sweden R.H. Zhang, China

Under the aegis of the
International Commission for Acoustics

Alb\ Organized by
Associazione Italiana di Acustica




Important Dates for Authors

Congress Venue

Year 2001

February 15:Deadline for receipt of abstracts
Deadline for hotel early booking

April 15: Acceptance notices mailed to auhors

May 30: Deadline for receipt of manuscripts
Deadline for advanced registration
Deadline for hotel confirmation at discounted rates

General Schedule

August 31- September 2: Pre meeting excursions
September 2: Opening ceremony
September 3 - 7: Technical programs
September 8 - 10: Post meeting excursions

More updated details will be progressively given on
the 17 th ICA homepage: www.ica2001.it

The Congress will be coordinated with Internoise 2001,
10 be held in The Hague, The Netherlands, 28-30 August 2001.

17 Th ICA Secretariat

Dipartimento di Energetica

University of Rome “La Sapienza”

Via A. Scarpa 14 - 00161 Rome - ITALY

Tel: +39.06.4976.6988 - Fax: +39.06.4976.6932
e-mail: 1ca2001@uniromal.it

homepage: www.ica2001.it

Topics

The Congress will cover all aspects of acoustics:
* musical acoustics
*  noise control
* physical acoustics
* physiological acoustics
» psychological acoustics
* speech
* underwater acoustics
* vibrations and structural acoustics
* acoustical oceanography
* acoustic signal processing
* animal bioacoustics
* architectural acoustics
* biomedical ultrasound
* computational acoustics
* electroacoustics
* engineering acoustics
* measurements and standards

The Congress will take place at the campus of
Rome University “La Sapienza”, in the Departments
of Engineering, next to San Pietro in Vincoli. The
place is just where the Domus aurea was built by
the emperor Nero as his luxurious home, few
hundred meters from the Colosseum and the Roman
Forum, in the middle of the archeological part of
Rome.

Atawalking distance from the main railway station,
the place is served by many bus lines and by the subway,
which may lead you to suburb quarters where large
confortable hotels are located.

Abstract Submission

Abstracts must be received by the Secretariat before
February 15, 2001.

Abstracts should include the following information:
e Title of contribution
*  Authors’ names and affiliations (full address, phone

and fax numbers, e-mail); the presenting author

should be indicated
¢ Keywords (up to 3).

The length of each abstract should not exceed 200
words. It must be written in English and should appear
in a plane style with no figures.

References (up to 3) should be numbered
consccutively as they appear in the text within square
brackets and listed at the end.

The abstracts must be sent to the 17 th ICA
Secretariat by fax, e-mail, or web-forms (being these
latter available on the Congress homepage from
September 1, 2000).

Technical Exhibition

During the Congress there will be a permanent
exhibition of books, technical instruments,
equipments and materials from interested firms;
stands will be placed at the Congress venue, and
efforts will be made to enlarge the participation from
international exhibitors. Companies active in the
various fields of acoustics and related topics will
have a unique opportunity of exhibiting their
products and services to the international audience
of the Congress participants.

For exhibit information and to receive the “Exhibitor
Information Kit”, please, contact the 17 th ICA
Secretariat.

17TH INTERNATIONAL CONGRESS ON ACOUSTICS - 17H ICA
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17TH INTERNATIONAL CONGRESS ON ACOUSTICS - 17H ICA

Registration Fees

* Full participant
advanced registration before May 30, 2001

350 Euros
participants to Internoise 2001

350 Euros
registration after May 30, 2001

400 Euros

» Students 50% reduction

Hotel Reservation

Although Rome is well equipped with many hotels
of any class and location, September is high season for
tourism, so that options for best and most convenient
lodging may soon reduce. Participants are, therefore,
suggested to make their reservation as soon as possible.
Hotel reservation service is offered by the Congress
Secretariat; web-forms will be available on the Congress
homepage in due time.

Hotel early booking is recommended for getting
discounted rates.

Indicative discounted rates per day:

« 4-5 stars hotels from 190 Euros
« 2-3 stars hotels 80 190 Euros
Low-cost accomodation and last-minute service will
also be provided.
Please, keep in mind that central hotels, the closest
to the Congress venue, are highly requested and need
timely reservation.

Before And After Congress Tours

The Organization 1s planning a few two/three days
alternative tours at week-ends both soon after or before the
Congress: Tuscany, with its historical and artistic cities
(Florence, Pisa, Siena, etc.), and Naples, with its surroundings
(Pompet, Capri, Sorrento), are ideal targets for such programs.
Many other short tours can be organised on request.

Social And Partner Program

The Congress program will include a large variety
of social events and tours that will give the participants
and the accompanying partners the possibility to discover
the blend of cultures and historical periods, that make
the uniqueness of Rome and its people.

17t International Congress on Acoustics
Rome, September 2-7, 2001

NOTICE OF INTEREST

I am interested in attending the 17th ICA in Rome, September 2-7, 2001.

Please add my name to the mailing list for further information.
Data can be submitted either by ordinary mail, fax (+39.06.49766932), or e-mail (ica2001@uniromal.it)

On signing this form I authorize the Association “17th ICA”", accordingly to the Italian law n. 675, Dec. 31, 1996 (see the whole
text on www.ica2001.it) concerning “personal data processing” - particularly on the articles 10, 20, 24 e 28 - until written
revocation, to process and divulge my personal data within the limits of the above mentioned law and in accordance with the
procedure laid down by the law. I give my assent provided that the above cited Association complies with the regulations in

force.

A [ do not want that my personal data are divulged to third parties

Date

Signature

Organized by Associazione lItaliana di Acustica



This special meeting
will bring together
acousticians from
around the world in

all fields of acoustics.

1stJoint Meeting of e

30 November through
6 December, 2002

Cancun, Mexico




144 Meeting of the
Acoustical Society of America

3 Iberoamerican
Congress of Acoustics

9" Mexican Congress on Acoustics

Thefirst joint meeting of the Acoustical Society
of America (ASA), the Iberoamerican Federation
of Acoustics (AA) and the Medcan Institute of
Acoustics (IMA) will be held along the beautiful
coastline of Cancun, Mexico at the Hotel Resta
Americana Cora Beach. This premier hotel islo-
cated on alovely beach, and dso is near themain
shopping mall. Cancun islocated on the Yucatan
Peninsula and lies in the heart of the Mexdcan
Caribbean Sea. It is the gateway to the andent
Mayan sacred dities of Cichén-Itz3, Tulum, Uxanal
and Cobg, and to the marvelous natura sites of

Muijeres Isle, Cozume and X&l-ha (www.yucatan.

gob.mx) Tours of the Yucatan Feninsula will oc-
cur after the conference. The Hotel is about 30
minutes from the Cancun airport which is served
by direct flights on many major airlines.

JOINT MEETING

As a joint meeting of the ASA, HA and IMA,
this conference will bring together experts from
all fields of acoustics, induding topics and short
courses of spedial importance to Mexico, South
America, Spain and Fortugal.

TECHNICAL PRESENTATIONS

The meeting will consist of plenary lectures, in-
vited and contributed papers, poster sessions,
exhibits, tutorials and short courses. The officia
language will be English, athough there will be
short courses and sessions in Spanish and Por-
tuguese at the beginning of the meeting. There
will also be numerous mestings on standards.

MPlease add my name to
the mailing list for the
2002 Cancun meeting

Name

1442 Reunido da
Sociedade Americana de Acustica

Il Congresso Iberoamericano
de Acustica

9° Congresso Mexicano de Acustica

A primeira reuniao conjunta da Sociedade Ameri-
canade Acustica, da Federagdo Iberamericana
deActsticaedo Instituto Mexicano de Actstica
seré realizada na belissima costa de Canctin -
México, no Hotel Festa Americana Coral Beach.
Estehotd &5 estrelas eestalocalizado numabela
praia em frente ao principal shopping center. A
cidade mexicana de Canctin esta localizada na
Peninsula de Yucatan, no coragdo do Mar do
Caribe. Baéaporta das cidades sagradas Mayas
de Chichén-ltz4, Tulum, Uxmal, Cob4 e das
maravilhosas ilhas naturais de Mujeres,
Cozumel, Xel-ha, Xcaret e ilha de Contay
(www.yucatan.gob.mxApdés o evento Havera
tours para a Peninsula de Yucatan. O hotdl esta
cercade 30 minutos do aeroporto de Canciin, que
tem vdos diretos das maiores cidades no mundo.

REUNIAO CONJUNTA

Por se tratar de uma reunido conjunta da ASA,
da AA e da IMA, esta conferéncia reunira
especialistas de todas as dreas de acUstica,
incluindo temas e cursosintensivos espediais para
0 México, América do Qul, Espanha e Portugal.

APRESENTAGOES TECNICAS

A reunido é composta de sessdes plendrias,
palestrantes convidados, sessdes teméticas,
posters, cursos, tutoriais e eqosicao. O idioma
oficial do evento é o Inglés, porém serdo
organizadas cursos intensivos e sessdes em
Espanhol e Portugués. Também serfo redlizadas
reunides sobre normas técnicas.

M Por favor incluyan mi nombre

para envio de informacion
de la reunién de Canctin 2002

Technical Fields

1. Acoustical Oceanography
2. Anima Bioacoustics
3. Architectural Acoustics
4. HBomedical Ultrasound / Bioresponse
to Vibration
5. Engineering Acoustics
6. Musical Acoustics
7. Noise
8. Physical Acoustics
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CURSOS E LABORATORIOS DE ACUSTICA

Apresentacao

AEngenharia Acustica é uma area de atuagao que tem,
no Brasil, poucos profissionais e um mercado em grande
expansao. A UFRJ possui um dos nucleos de pos-
graduacao e pesquisa mais avangados do Pais nessa
area e agora oferece uma formacgdo profissional
adequada na forma de uma nova énfase do curso de
graduacdo em Engenharia Mecénica.

Sao objeto de estudo para projeto e solugao de problemas
de Engenharia Acustica temas como: poluicao sonora,
projeto acustico de ambientes, audigao e percepgao,
controle de ruido e vibragdes de maquinas e
equipamentos, musica e sonorizagao de salas de
espetaculos, materiais e dispositivos especiais para
tratamento acustico, qualidade acustica do ambiente
construido, acustica de salas, simulagdo numeérica de
campo acustico, instrumentagao e metrologia em
acustica, entre outros. Aliada as modernas técnicas de
processamento digital de sinais, a Engenharia Acustica
atinge tambeém aplicagbes como: controle ativo de ruido
e vibragdes; monitoracdo e diagnostico de falhas em
equipamentos; avaliagdo de incomodo auditivo;
prospegao em medicina, ciéncia dos materiais e geologia;
comunicagao submarina; aperfeigoamento no projeto e
fabricacao de instrumentos musicais, entre muitas outras.

A demanda por esses projetos e solugdes vem
crescendo, a medida que o mercado nacional e
internacional se torna mais exigente em relagao a
qualidade ambiental. Isso se reflete na legislagao, nas
exigéncias tecnicas para exportagdo e na crescente
pressao da sociedade. Veiculos e maquinas mais
silenciosos, espacos de moradia com maior conforto
acustico, trabalho e lazer mais adequados, ambiente
urbano mais tranquilo, sdo algumas das demandas que
requerem a atuacao do Engenheiro Acustico.

O ingresso em uma area multidisciplinar fascinante,
plena de desafios e oportunidades em varios campos,
torna-se, com a implantacéo desta énfase, acessivel
aos estudantes.

Historico

A acustica sempre foi uma area de ensino e pesquisa
multidisciplinar por natureza, atraindo profissionais dos
mais diversos ramos do conhecimento, tais como
engenheiros, fisicos, arquitetos, médicos, fonoaudio-
logos, bidlogos, musicos, linguistas e psicologos.

ENGENHARIA ACUSTICA DA COPPE

UMA NOVA ENFASE DO CURSO DE GRADUACAO EM
ENGENHARIA MECANICA DA UFRJ

A UFRJ possui um nticleo de competéncia em acustica,
majoritariamente atuante na COPPE e na Escola de
Engenharia e mais especificamente nos Programas e
Departamentos de Engenharia Naval e Oceénica, de
Engenharia Metalurgica, de Engenharia Biomédica, de
Engenharia Civil e, naturalmente, no de Engenharia
Mecanica, onde esta sediado o Grupo de Acustica e
Vibragbes — GAVI. Além da COPPE e da Escola de
Engenharia, ha profissionais trabalhando em Acustica
na Escola de Musica e na Faculdade de Letras, dentre
outros centros da UFRJ.

Por iniciativa dos membros do GAVI, um grupo de
docentes desses diversos departamentos reuniu-se
para estruturar uma formacao em Engenharia Acustica,
pioneira no Brasil, criando a énfase dentro da habilitagéo
em Engenharia Mecanica.

Suporte Laboratorial

Para que o aluno possa se familiarizar com os principios
e aplicagbes da Acustica, € necessario um adequado
suporte laboratorial. A convivéncia continuada com
atividades de laboratério da aos estudantes uma
vivéncia dos fendmenos acusticos e sua observagao
experimental, indispensavel a sua formacao. A énfase
em Engenharia Acustica tera o suporte do Laboratério
de Acustica e Vibragdes (LAVI) da UFRJ. Trata-se de
um laboratério com mais de vinte e cinco anos de
atuacdo em ensino, pesquisa e presta¢do de servicos
na area, dispondo dos equipamentos adequados para
medicdo e analise em acustica e vibragdes.

Em suas novas instalagdes, no bloco -2000, o LAVI dispoe
de espaco suficiente para abrigar alunos em trabalho de
tese de mestrado e doutorado juntamente com estudantes
de graduagao que desejem atuar no ambiente laboratorial
para adquirir maior experiéncia na area.

Estrutura Curricular

Sao oferecidas ao aluno um conjunto de 2 disciplinas
obrigatorias e 24 complementares nas areas de
Acustica, Vibragbes, Processamento de Sinais e
tépicos correlatos, num total de 83 créditos. E mantido,
para a énfase em Engenharia Acustica, o elenco de
disciplinas obrigatdrias do curso de Engenharia
Mecanica. Alunos de outras habilitagbes poderao



Cursos e Laboratorios de Acustica

cursar disciplinas da énfase em Engenharia Acustica.
Sugere-se, nesse caso, que procurem o coordenador
da énfase. Os requisitos para a énfase s3ao:

1. Cursar, obrigatoriamente, duas disciplinas funda-
mentais para a énfase: Aclstica Basica e
Processamento de Sinais, correspondendo a um
total de 8 créditos.

2. Cursar um minimo de 24 créditos em disciplinas
complementares da énfase em Engenharia
Acustica.

3. Escolherum orientador académico dentre os docentes
da area.

4. Elaborar e defender um Projeto de Final de Curso
em tema da Engenharia Acustica, sob orientacdo
de docente da area.

E fortemente recomendado, ainda, que o aluno tenha
cursado com bom aproveitamento 6 disciplinas
obriga-torias do curso de Engenharia Mecanica
essenciais a formacao basica na area: Calculo IV,
Dinadmica |, Dinamica ll, Termodinamica, Vibracdes
Mecéanicas e Mecanica dos Fluidos I.

Cumpre observar que, dos 36 créditos (540 horas)
exigidos em disciplinas complementares para o curso
de Engenharia Mecéanica, 32 créditos sao requeridos
para atender a Enfase em Engenharia Acustica. Os
créditos restantes podem ser cumpridos pelo aluno tanto
com disciplinas da Enfase como com outras cadeiras
complementares do Curso de Engenharia Mecéanica.

Perfis de Atuacao

Diversos perfis de atuacdo profissional podem ser
estruturados a partir das disciplinas oferecidas na area
de Acustica e Vibracdes. Atendidas as exigéncias da
estrutura curricular, o aluno e seu orientador académico
poderdo compor um conjunto coerente de disciplinas
complementares que melhor atendam ao perfil
almejado, como nos exemplos abaixo.

1. Controle de Ruido: Acustica Subjetiva,
Monitoracdao e Diagnostico, Fundamentos e
Técnicas de Medicdo, Métodos Numeéricos em
Acustica, Transmissado e Controle de Ruido e
Vibracéo, Fontes Acusticas, Acustica Ambiental.

2. Monitoragao e Diagnostico: Monitoragéao e
Diagnostico, Fundamentos e Tecnicas de Medigao,
Ensaios Nao-Destrutivos, Transmissao e Controle
de Ruido e Vibracédo, Introducado ao Ultra-som,
Técnicas de Inteligéncia Artificial, Técnicas de
Medicdo, Processamento e Diagnose.

3. Conforto Acustico: Acustica Subjetiva, Funda-
mentos e Técnicas de Medigao, Acustica de Salas,
Métodos Numeéricos em Acustica, Transmissao e
Controle de Ruido e Vibragao, Aclstica Ambiental,
Aclstica da Linguagem Humana.

4. Audio: Circuitos Elétricos em Corrente Continua,
Acustica Subjetiva, Eletronica IC, Acustica de Salas,
Acustica da Linguagem Humana, Eletrénica IIC,
Teécnicas de Inteligéncia Artificial, Mecanica e
Musica, Audio.

5. Acustica Musical: Aclstica Subjetiva, Harmonia
Funcional, Acustica de Salas, Acustica da
Linguagem Humana, Fontes Acusticas, Mecanica
e Musica, Técnicas de Inteligéncia Artificial.

6. Metrologia em Aciistica e Vibragdes: Métodos
Experimentais em A&V, Monitoracdo e Diagndstico,
Fundamentos e Técnicas de Medigao, Acustica de
Salas, Introducao ao Ultra-som, Transmissao e
Controle de Ruido e Vibragdes, Técnicas de
Medicao, Processamento e Diagnose.

Corpo Docente

Arthur P. Ripper Neto, Ph.D. (DEM/EE e PEM/COPPE)
Jules G. Slama, D.Sc., (DEM/EE, PEM/COPPE e FAU)
Moysés Zindeluk, D.Sc., (DEM/EE e PEM/COPPE)
Ricardo E. Musafir, D.Sc., (DHS/EE e PEM/COPPE)
Roberto A. Tenenbaum, D.Sc., (DEM/EE e PEM/COPPE)
Severino F. da Silva Neto, D.Sc., (DEN/EE e PENO/COPPE)
Tiago A. P. Lopes, D.Sc., (DEN/EE e PENO/COPPE)
Jodo M. A. Rebello, D.Sc., (DEMM/EE e PEMM/COPPE)
Jodo C. Machado, Ph.D., (PEB/COPPE)

Marcio N. de Souza, D.Sc., (DEL/EE e PEB/COPPE)
Antdnio C. M. Alvim, Ph.D., (DNC/EE e PEN/COPPE)
Luis A. V. Carvalho, D.Sc., (PESC/EE) -

José P. S. Azevedo, Ph.D. (PEC/COPPE)

Leonardo Fuks, D.Sc., (Esc. de Musica)

Joao Moraes, D.Sc., (Fac. de Letras)

A Coordenagdo do Curso esté a cargo do Prof.
Roberto A. Tenenbaum

e-mail: roberto{@serv.com.ufij.br

Informagoes adicionais:

Departamento de Engenharia Mecanica
Escola de Engenharia

Universidade Federal do Rio de Janeiro
Caixa Postal 68503, CEP 21945-970
Centro de Tecnologia, bloco G, sala G 203




4° Fluxograma Curricular
Segue-se o fluxograma curricular da énfase em Engenharia
5 Acustica. Em cinza escuro, estao indicadas as 6 disciplinas
(obrigatdrias) do curso de Engenharia Mecanica, essenciais
para a formacdo em Engenharia Acustica, bem como as
duas disciplinas de Projeto Final, também obrigatérias. Em
6° cinza claro, estdo indicadas as duas disciplinas
fundamentais da area, obrigatdrias para a énfase. As outras
sdo as disciplinas complementares para a Enfase em
Engenharia Acustica.
0
7 Acistica Basica Processamento C::':‘ui(t;l) EE:.‘?'
EEK 541 de Sinais EEE 321
) EEK 542 (4)
4
g° — } [ [
Acustica Monitoragéo e Mét. Exp. em Harmonia Fund. e Tec. de Eletronica | C Ensaios Nao-
Subjetiva Diagnéstico A&V Funcional Medi¢ao EEL 338 Destrutivos
EEK 605 EEK 595 EEK 601 EEK 611 EEN 588 (4) EET 540
(2 (@) () (2 (4) m
9° T T 1 |
Acustica de Mét. Numéricos Introdugao ao Acustica da Transm.e Contr. Eletronica Il G
Salas em Acustica Ultra-som Ling. Humana de Ruido e Vib. EEL 438
EEK 602 EEK 609 EEK 606 EEK 582 EEN 623 @
(2) (4) (4) 2) 4
10° ] — T = I
Acustica Fontes Técnicas de Mecanica e Téc. Med. Proc. Audio
Ambiental Acusticas Intel. Artificial Musica e Diagnose EEL 601
EEK 603 EEK 604 EEK 610 EEK 583 EEN 611 (4)
(4 (4 (4) 2 4)
Quadro de disciplinas da Enfase em Engenharia Acustica
Nome da disciplina Cédigo | Créditos Pré-requisitos Docente(s) Observacoes
Aciistica Bisica EEK541 4 EEA212 (Mecinica I) Roberto/Ricardo Obrigatéria (1)
Processamento de Sinais EEKS42 4 MAC248 Moysés/Roberto Obrigatéria (1)
Monitoragdo e Diagndstico de Maquinas EEKS595 3 EEK325 Ripper/Moysés Complementar (1)
MEét. Experim. em Acistica e Vibragdes EEK601 4 EEK541/EEK325 Roberto Complementar (1)
Aciistica de Salas EEK602 2 EEKS541/EEK542 Roberto Complementar (1)
Acistica Ambiental EEK603 4 - Jules Complementar (1)
Fontes Aciisticas EEK604 4 EEK541 Ricardo Complementar (1)
Aciistica Subjetiva EEK605 2 EEK541 Maircio Nogueira Complementar (1)
Introdugdo ao Ultra-som EEK606 4 EEK541 Joao Carlos Complementar (1)
Mecinica e Misica EEK607 2 EEK541 Leonardo Complementar (1)
Aciistica da Linguagem Humana EEK608 2 EEK541 Jodo Moraes Complementar (1)
Meétodos Numéricos em Aciistica EEK609 4 EEK541 José Paulo Complementar (1)
Técnicas de Inteligéncia Artificial EEK610 4 FIM230/MAC248 Luis Alfredo Complementar (1)
Harmonia Funcional EEK611 2 - Alvim Complementar (1)
Tépicos Especiais em Acuistica EEK612 4 EEK541 Varidvel Complementar (1)
Tépicos Especiais em Vibragdes EEK613 4 EEK325 Varidvel Complementar (1)
Tépicos Especiais em Process. de Sinais EEK614 4 EEK542 Varidvel Complementar (1)
Topicos Especiais em Aciistica e Vibragdes | EEK615 2 - Varidvel Complementar (1)
Circuitos Elétricos em Corrente Continua EEE321 4 FIM230/MAC248 Compl tar (2)
Eletronica IC EEL338 4 EEE321 Complementar (2)
Eletronica IIC EEL438 4 EEL338 Complementar (2)
Audio EEL601 4 EELA438 Mircio Nogueira Complementar (2)
Fundamentos ¢ Técnicas de Medigao EEN588 4 EEK325 Severino/Tiago Complementar (2)
Transm. e Contr. De Ruido e Vibragdes EEN623 4 EEK325 Severino/Tiago Complementar (2)
Técnicas de Medigdo, Process. e Diagnose | EEN611 4 EEK325 Severino/Tiago Complementar (2)
Ensaios Nio-destrutivos EET540 4 — Jodo Marcos Complementar (2)
Pré-Requisitos e Disciplinas Fundamentais Para a Enfase
Cilculo IV MAC248 4 MACI128 Obrigatdria
Dindmica [ EEK243 4 EEA212/FIT112/MAE125/MAC/238 Roberto/Ripper Obrigatéria
Dinidmica II EEK333 4 EEK243 Roberto/Ripper Obrigatdria
Termodindmica Cldssica EEK303 < - Figueiredo Obrigatéria
Vibragdes Mecanicas EEK325 4 EEA212/MACI128/MAE125 Moysés/Ripper Obrigatéria
Mecinica dos Fluidos I EEK310 4 MAC238/FIM230 Atila/Gustavo Obrigatoria

(1) Disciplina complementar para o Curso de Engenharia Mecénica.
(2) Disciplina complementar para a Enfase em Engenharia Acistica mas ndo para o Curso de Engenharia Mecanica.



Associe-se 3 SOBRAC e ganhe as edicoes anteriores da

Para receber esta revista semestral e as edicdes anteriores gratuitamente, associe-se a Sociedade Brasileira de
Acustica (SOBRAC), preenchendo a ficha de inscricao nas paginas amarelas. Temos exemplares limitados das

revistas anteriores, os quais serdo enviados para os sdcios novos por ordem de solicitagéo.

EDICAO NUMERO 13/JULHO 94

Os artigos publicados nas edi¢des anteriores:
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EDICAO NUMERO 14/DEZEMBRO 94

Andlise de Posturas, Esfor¢os e Vibragdes nos Lixadores.
O Ruido e suas Interferéncias na Saude e no Trabalho.
EPIs Auditivos: Avaliacdo pelo T.T.S. - Parte 1

EPIs Auditivos: Avaliacdo pelo T.T.S. - Parte 2

Critérios de Classificagao Audiométrica para Trabalhadores com Perda Auditiva Induzida pelo Ruido.
A Importancia do Monitoramento Audiométrico no Programa de Conservagdo Auditiva.

Sugestdes sobre Adaptacao dos Protetores Auditivos.
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EDICAO NUMERO 15/JULHO 95

Controle Ativo de Ruido em Dutos.

Identificacdo das Fontes de Ruido Veicular por Medi¢do de Intensidade Sonora.
Transmiss@o Via Aérea: Ruido Interno e Ruido Externo.

Simulagdo e Medi¢des de Ruido de Aspiragdo de Motores em Laboratorio.

Estudo Experimental de Vibragcdo e Ruido Durante o Acionamento do Pedal da Embreagem.
Caracterizacdo Acustica do Banco de Provas de Motores da Metal Leve Usando Intensidade Sonora.
Sistema de Exaustdo: Fundamentos e Projetos.

Ensaios ¢ Simulagdo Acustica de Escapamento Veicular Simples.

Simulacdo Numérica de Ruido Veicular Interno.

Redugio de Ruido Interno em Onibus Rodoviario.

Ruido Interno de Veiculos Automotores: A Utilizagdo do “Loudness’.
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EDICAO NUMERO 16/DEZEMBRO 95

Controle de Ruido Industrial.

Plano Diretor de Ruido na Induastria Multi-Tarefa.
Dicas para Controle de Ruido.

Noticias: Programa Siléncio - Selo Ruido.
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Dicas para Controle de Ruido.

Controle de Ruido de Maquinas.

Reativacdo da Produgio de Normas em Acustica Arquitetdnica e Ambiental.
Recomendagdes da Organizagido Mundial da Satide sobre Ruido Industrial.

A Importancia da Actstica e da Psicoactstica para a Audiologia: A Influéncia da Acustica das
Salas de Aula na Percepgao da Fala.

Resposta a Perguntas e Queixas com Relag@o a Audigdo e a Protetores Auditivos (Parte I, II e III).
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EDICAO NUMERO 17/JULHO 96

» Progresso na Acustica de Edificagdes.

» A Exigéncia de Repouso Auditivo Minimo de 10 Minutos a cada 50 Minutos de Trabalho,
Conforme a Norma Técnica dO Estado de Sdo Paulo.

» O Uso de Materiais Absorventes no Controle de Ruido Industrial: Possibilidades e Limitacoes.

» Dicas para Controle de Ruido.

EDICAO NUMERO 18/DEZEMBRO 1996

» Aplicagdes do Controle Ativo do Som e Vibracdes
» Ruido Ambiente em Portugal

» Comentarios Sobre la Determinacion de la Rigidez Dinamica de Materiales para Uso en Pisos Flotantes
> Dicas para Controle de Ruido

EDICAO NUMERO 19/JULHO 97

» Efeitos do Ruido no Homem
> Avangos tecnologicos em protetores auditivos até 1995: Reducdo ativa de ruido, freqiiéncia/
amplitude-sensibilidade ¢ atenuagdo uniforme. (Parte I)

it i .
EDICAO NUMERO 20/DEZEMBRO 97

» Novos Desenvolvimentos em Normalizacdo Internacional
» 2% Chamada: I Congresso Iberoamericano de Acustica, I Simposio de Metrologia e
Normalizagdo em Acustica ¢ Vibragdes do Mercosul e 18° Encontro da SOBRAC

EDICAO NUMERO 21/JULHO 1998

» Avangos Tecnologicos em Protetores Auditivos até 1995
» Qualidade Acustica em Escritorios Panoramicos
» Aposentadoria Especial por Ruido

" EDICAO NUMERO 22/DEZEMBRO 1998

» Comparagdo Laboratorial em medi¢do de Absor¢do Sonora em Camaras Reverberantes
» O Ruido Incémodo Gerado nas Instalagdes Hidraulicas Prediais
» As Politicas Européias sobre Ruido Ambiente e o Espaco Ibérico
» Medigdo e Avaliacdo de Ruido em Ambiente de Trabalho

EDICAO NUMERO 23/JULHO 1999

Comparando Bananas com Laranjas
Protetores Auditivos: Um Novo NRRsf
Um Caso Pratico: Silenciador para Roots
Diagnosticos de PAIRO (Perda Auditiva Induzida pelo Ruido Ocupacional) pela nva NR-7 (Portaria 19 MTb. de 09/04/98)
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Here it EDICAO NUMERO 24/DEZEMBRO 1999

» Defini¢do de metas de ruido para componentes veiculares via analie de qualidade acustica do veiculo
» Estudo da Técnica de Intensidade Sonora: Procedimentos, Erros e Aplicagoes

» O Ruido na Industria - Como Controlar

» Geracdo de Ruido em Valvulas de Controle




Vocé Esta na Pagma da

SocfeAaole ‘Bmsilehﬂa de Actﬁstica

Fundada em 21 de novembro de 1984, a Sociedade Brasileira de
Acistica tem o objetivo de difundir informacdes entre pesquisadores,
fabricantes, consultores e usuarios. Esses conhecimentos sdo discutidos
durante os encontros anuais, simpésios e publicacdes. Atualmente sua
sede esta na Universidade Federal de Santa Catarina (UFSC). A revista
"Acistica e Vibracdes' abrange atividades, eventos e pesquisa na drea
de vibracoes e ruido e conta com tiragem de dois mil exemplares,
distribuidos para socios brasileiros e demais sociedades acisticas
internacionais.

Nas suas atividades, a instituicio conta com o apoio de diversas
empresas. Desde 1985 est4 ligada ao I-INCE (Instituto Internacional de
Engenharia de Controle de Ruidoe), participando das discussdes para a
elaboracgio da Lei do Siléncio, em 1990, e do Ruido Veicular, em 1993.
Tem ainda representantes na ABNT (Associagao Brasileira de Normas
Técnicas) e em outras instituicdes relacionadas a seguranca no
trabalho e conforto acustico. A sociedade é constituida por varios
grupos de trabalho: o grupo de Ruido Veicular, responsavel pela
organizacao de simpdsios em Sdo Paulo; o de Acustica de Edificacio,
que promove encontros em conjunto com grupos de Ergonomia e
Conforto Térmico; e o grupo deConservacio da Audicéao, que trabalha
com outras entidades de Seguranc¢a e Medicina do Trabalho.
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sobrac@mbox].ufsc.br

Diretoria - Revista Actstica & Vibracdes - Congressos - Novidades - Guia de Acistica - Publique seu Arti
Ammciena A&V - Associados - Associe-se

" Sociedade Brasileira de Actistica (SOBRAC) - Universidade Federal de Santa Catarina (UFSC) - Centro Teenologico (CTC)
DepartammtodeﬁlgmlmmMemmm (EMC)- Laboratrio de Vibragdes e Aciistica (LVA) - Campus Universitdrio
Cx. Postal 476 - CEP 88040-900 - Trindade - Florianépolis - SC - Brasil
Tel: (048) 234-4074 / 231-9227 - Fax: (048) 231-9677 / 234-1519



ANALISADORES DE ESPECTRO

A 01dB, referéncia mundial na fabricacao de Sistemas de
Medicao baseados em Computador, apresenta a sua linha de
Analisadores de Espectro, composta de:

e JAZZ — Cartdo Multimidia Profissional para PC

¢ SYMPHONIE - Analisador de 2 canais

e HARMONIE — Analisador Multicanal (sendo 4 canais
dindmicos, 4 canais de baixa freqliéncia, e 1 canal de
tacho/auxiliar.

MEDIDORES DE NiVEL SONORO

A linha de Medidores de Nivel Sonoro de Integracdo da
01dB, cobre todas as aplicacoes conhecidas (Seguranca do
Trabalho, Consultores, Fiscalizacao de Ruido em
Comunidades, etc.), e representam a ultima palavra em
tecnologia aplicada a este tipo de instrumento. S&o os tipos
SdB, SLS95 e SIP95, apresentados a seguir:

L4

SdB, SdB+, SLS95S, SIP95

SEGURANCA DO TRABALHO

Medidor de Exposicdo Sonora SIE95

Atendendo a area de Seguranca do Trabalho, a 01dB possui
dois instrumentos especificos: o SIE95 (Medidor de Exposicao
Sonora), e o MAESTRO (Medidor de Vibracdo para o Corpo
Humano), sendo este ultimo lancamento recente. O
MAESTRO foi desenvolvido com 4 canais, sendo uma opgao
extremamente versatil para um instrumento de seu porte.

MITHRA

O Software de Predicao de Ruido em Ambientes Externos,
MITHRA, representa a culminancia de mais de 20 anos de
experiéncia da CSTB — Franca — tendo se tornado referéncia
na area desde 1987, ano de sua apresentacdo ao mercado
mundial pela 01dB.

o VISU 3D #1 - [d:\mithia\nuipart\nulpat.pri]
VuedD Souce Lumsie

MITHRA
Software de Predigdo de Ruido em Ambientes Externos

01dB do Brasil Ltda.
Rua Afonso Celso, 594 — Sao Paulo — 04119-020
Tel.: (11)4655-4650 — Fax: (11)4655-2608

E-mail: mvi01db@netaruja.com.br
Web site: www.01db.com
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