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EDITORIAL

As the new editorial staff of 
"Acoustics and Noise Control in 
Canada” assume their duties, a 
word of recognition and thanks 
goes to Daryl May, our previous 
editor. A glance at the
publication before and during his 
editorship speaks for his fine 
work.

Along the same path traced by 
Daryl, the new editorial staff 
will endeavour to improve the 
publication. The main editorial 
responsibilities are now shared 
between the editor-in-chief and 
the editor. While the
editor-in-chief is finally
responsible for the format of each 
issue, the task of gathering 
information is shared. The editor 
is committed particularly to 
improving the bilingual content of 
the publication. It is planned to 
achieve this by providing a french 
editorial, translation of
abstracts, and soliciting more 
papers to be published in french.

In addition an editorial 
board has been established to 
advise and to assume
responsibility for the review of 
papers. We hope in this way to 
encourage a higher standard of 
published papers. In addition to 
Joe Piercy and John Bradley, we 
are fortunate in having all the 
former editors on this board (Tony 
Embleton, Gary Faulkner and Daryl 
May), giving the publication a 
continuity since its inception as 
a newsletter in 1973.

We regard communication 
between acousticians in Canada as 
essential and this publication’s 
main purpose is to provide a forum 
for this scientific dialogue. To 
help achieve this in addition to 
improving the bilingual content 
and encouraging more and better

papers, we hope to publish more 
Canadian acoustics news items and 
a series of articles describing 
acoustics facilities in Canada.

Finally, we ask our readers 
to help us achieve our goals by 
writing to us to share their news 
ideas and to tell us about their 
work.

Ed itor ial

Avec l'arrivée d'une nouvelle 
équipe de rédaction, notre 
publication prend une nouvelle 
orientation. On a décidé
d'augmenter la partie publiée en 
langue française. L'objectif
d'une telle augmentation serait de 
permettre à tout acousticien 
francophone de communiquer avec 
ses collègues à travers le Canada.

Par consequent, l'équipe de 
rédaction est prête a promouvoir 
la publication de tout genre de 
communications en français (des 
articles, des annonces de 
réunions, des nouvelles, etc.). 
Ce numéro témoigne de cette 
nouvelle orientation en publiant 
un article complet de français.

Chers lectures francophones, 
faites vous entendre à travers 
votre publication !

THIRD INTERNATIONAL SYMPOSIUM 
ON HAND-ARM VIBRATION

18-20 May 1981 - 3rd
International Symposium on
Hand-Arm Vibration, Ottawa, 
Canada. Jointly organized by 
National Research Council of 
Canada and Dept, of National



Health and Welfare. Fee; Approx. 
$75. For further information, 
contact Dr. A.J. Braminer » Div. of 
Physics, National Research
Council, Montreal Road, Ottawa, 
Ont. K1A 0R6. Telephone (613) 
993-2840.

TORONTO CHAPTER ANNOUNCEMENT

The next meeting of the Toroo 
Chapter of the CAA is to be held 
on Monday, January 19, 1981 at 
7:00 p.m., at the Auditorium of 
the Ontario Hydro Headquarters 
Bldg., 700 University Avenue, 
Toronto. The topic for the 
evening is "Industrial Noise", and 
will consist of speakers and a 
question period on the proposed 
Ontario Ministry of Labour Noise 
Regulations. Speakers will be as 
follows; Regulations
representatives from the Ontario 
Ministry of Labour?
Instrumentation - Greg Michel, B & 
K Instruments? Audiology - Dr. 
Peter Alberti, Mount Sinai 
Hospital,8 Enforcement Aspects 
Tony Taylor, Ontario Hydro.

For further information 
please contact J.C. Swallow at 
(416) 245-7501, A » Behar at (416) 
683-7516, or G. Michel at (416) 
791-1642.

The following meeting is 
scheduled for May 11, 1981. The 
topic is to be "Acoustical 
Research in a Medical Setting", 
with short talks by invited 
speakers on: (a) brain stem 
evoked response, (b) basic 
research on auditory aspects, and 
(c) hearing protectors and speech 
intelligibility. This meeting is 
to be organized by Sharon Abel at 
(416) 596-3014.

F.A.S.E. SYMPOSIUM ON ACOUSTICS 
AND SPEECH

The 4th F.A.S.E. Symposium on 
"Acoustics and Speech" is to be 
held in Venice on April 21-24, 
1981. The editor-in-chief
(address on inside front cover), 
has a limited number of copies of 
the 1st Announcement. Additional 
copies and information are 
available on request from: E.S.A.

37, Via Della Polveriera 
00184. Rome, Italy.

G.A.L.F, GROUP MEETINGS TO BE 
HELD IN CANADA

The Speech Communication 
section of the Group of French 
Language Acousticians (G.A.L.F.) 
has scheduled two events which 
will be held in Canada rather than 
in Europe, the usual location for 
G.A.L.F. meetings.

The 12th Journees d'Etudes 
sur la Parole, cosponsored by the 
Université de Montréal, will be 
held 23-27 May 1981 in Montreal» 
The general theme of the meeting 
is "Speech Communication:
Articulation, Acoustics, and 
Perception." All papers and 
presentations are to be in French 
except submissions for inclusion 
in poster sessions which are to be 
in French and English.

The second event, a bilingual 
symposium on "Intonation in 
Synthesis and Automatic Speech 
Recognition", will be held 29-30 
May, 1981 in Toronto. This 
symposium is cosponsored by the 
University of Toronto.

Further details can be 
obtained from G.A.L.F., Division 
TSS, B.0.40, 22301 Lannion Cedex, 
France, or from the cosponsors, 
Université de Montréal,
Département de Linguistique, C.P. 
6128, Montréal 101, and the
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University of Toronto ,
Experimental Phonetics Laboratory, 
39 Queen’s Park Crescent, Toronto, 
Ontario, M5S 1A1, Canada.

NEW RESEARCH CONTRACTS

We are grateful to Past 
President Bill Bradley for keeping 
us posted on the latest research 
contracts awarded by the federal 
government :

To Institut national de la 
recherche scientifique, Verdun, 
Québec, $35,200 for "Use of 
digital compression techniques for 
voice signals in satellite 
communication systems - Phase I". 
Awarded by the Department of 
Communications.

To University of Saskatchewan, 
Saskatoon, Sask. (Drs. D.E. Dobbs 
and G. Wacker), $13,000 for 
"Subjective evaluation of delta 
coding in quality music and sound 
distribution - Phase II". Awarded 
by the Department of
Communications. To Université de 
Sherbrooke, Sherbrooke, Québec 
(J.P. Adoul), $30,003 for "Digital 
transmission and processing of 
voice data". Awarded by the 
Department of Communications.

To Bell-Northern Research Ltd., 
Ottawa, Ont., $89,426 for 
"Development of a specification 
for the miniaturization of signal 
conditioning electronics for a 
multi-element hydrophone array". 
Awarded by the Department of 
National Defence.

B.C. SCIENCE COUNCIL GRANT

To Barron Associates, Acoustical 
Consultants, Vancouver, B.C., 
$58,000 for the development of a 
computer system to allow
acoustical designers to hear a

performance in a hall before it is 
bu i 11.

INTER-NOISE 81 - CALL FOR PAPERS

The 10th International
Conference on Noise Control 
Engineering (Inter-Noise 81) will 
be organized by the Netherlands 
Acoustical Society NAG in 
cooperation with the Belgian 
Acoustical Association ABAV under 
sponsorship of International/INCE. 
It is to be held at the RAI 
Congress Building in Amsterdam 
from Tuesday 6 through Thursday 8 
October 1981.

The theme of the conference 
is PRACTICE OF NOISE CONTROL 
ENGINEERING. The technical
program will highlight research 
and development in noise control 
engineering, state-of-the-art
summaries and tutorial/clinical 
workshops. Contributions are
welcome. For further information 
write to: INTER-NOISE 81, P.O. 
Box 85542, 2508CE, The Hague, The 
Netherlands.

CSHA CONVENTION '81

The Canadian Speech and 
Hearing Association 1981
Convention is to be held May 6-9, 
1981, Chateau Lacombe, Edmonton, 
Alberta. Subjects includes
auditory evoked potentials and 
hearing impairment. Deadline for 
abstracts is March 1, 1981. For 
further information contact : 
Elaine Heaton, Glenrose Hospital, 
Edmonton, Alberta, T5G 0B7.

HEAR HERE

"Hear Here" is the newsletter 
of the Canadian Speech and Hearing 
Association. Non-members may
subscribe to the newsletter at a
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cost of $8.00 per annum. 
Subscriptions should be mailed to 
the Administrative Secretary 
Louise Coderre, Université de 
Montréal, Section d'orthophonie et 
audiologie, 2375 Cote Ste. 
Catherine, Montréal, Québec, H3T 
1A8. Telephone (514) 343-7841»

ACOUSTICS LETTERS SUPPLEMENT

This is a new bimonthly 
supplement containing summaries of 
the contributions to "Acoustics 
Letters", an established
acoustical publication. The
supplement will also carry news of 
people, events, meetings,
companies and products in 
acoustics. The supplement is 
available free of charge to named 
individuals engaged in acoustic 
activities from; Acoustics
Letters Supplement, 14 Broadway, 
London, SWlH OBH, England.

HEARING RESEARCH

Hearing Research, now in its 
3rd year, is a forum for all 
papers concerned with basic 
auditory mechanisms. Emphasis is 
placed on experimental studies but 
theoretical studies are also 
considered. The journal publishes 
original research papers (in the 
form of full length papers, short 
communications and reviews)
dealing with auditory
neurophysiology, ultrastructure, 
psychoacoustics and behavioural 
studies of hearing in animals, and 
models of auditory functions. 
Papers on comparative aspects of 
hearing in animals and man, and on 
the effects of drugs and 
enviornmental contaminants are 
also considered for publication. 
Clinical papers are not accepted 
unless they contribute to the 
understanding of normal hearing 
functions.

For further information 
and/or free specimen copy, write 
to: in the U.S.A. and Canada?

Journal Information Center,
Elsevier's Science Division, 52 
Vanderbilt Avenue, New York, N.Y. 
10017, U.S.A.

LETTERS

Acoustical Consultant Registration

Professionalism and
protection for the public should 
require the acoustical consultant 
be either a registered architect 
or engineer. He may further 
indicate his qualifications as he 
progresses through meeting the 
requirements for membership in the 
appropriate professional
organizations just as the 
pathologist who, in the U.S., must 
first pass his M.D. license 
requirements. Later he may become 
a member of the American College 
of Patholigists by examinations, 
etc. A person in the U.S. holding 
a Phd in Pathology cannot practice 
as a pathologist without passing 
the M.D. license requirements for 
medical doctor. The M.D. is free 
to practice in any speciality 
without any additional
requ irements.

In my opinion acoustics 
relates to architecture and 
engineering in the same manner as 
illumination, air-conditioning, 
heating, refrigeration,
radio-communication, etc. These, 
and other specialties, operate 
under the blanket of architecture 
and/or the various engineering 
disciplines. Until acoustics
becomes a separate accredited 
undergraduate degree program then 
we acoustical consultants should 
remain under the blanket
registrations available. I believe 
the architectural and engineering 
boards are negligent in not 
requiring acoustical consultants 
meet existing legal requirements 
and become registered in either 
architecture or engineering.

W. Robert Nichols, P.E.,
W. Robert Nichols, P.E. and 

Ass., Acoustical Consultants,
Kent, Washington, U.S.A.
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EDMONTON 1981

Notice o f  Edmonton Acoustics  Meetings

The 1981 Annual Meeting and Symposium of  the  Canadian Acoustical  Associa tion 
i s  planned fo r  Edmonton on October 8th and 9 th ,  1981. I t  wi l l  be preceded by a 
meeting o f  the  Acoustics  and Noise Control Committee of  the Canadian Standards 
Associa t ion  on October 7 th ,  and two seminars on October 6 th ,  one on "Hearing Loss 
Pr even t io n" ,  and the o the r  on "Transpor ta t ion  Noise Buffering"»

P a r a l l e l  technica l  ses s ions  are planned on October 8th and 9th to include a l l  
segments of  aco us t i ca l  i n t e r e s t s .

Specia l  emphasis i s  being given to encourage those a t te nd in g  to bring t h e i r  
spouses and p a r t i c i p a t e  in a Pos t -Session  Tour of  the Jasper -Banf f  Area.

A formal ca l l  f o r  papers wil l  be made in the April  i s sue  (Volume 9 ( 2 ) ) ,  of 
"Acoustics and Noise Control in Canada".

Annonce des réunions su r  l ' a c o u s t i q u e  S Edmonton

La réunion e t  le  colloque annuels de l 'A s s o c i a t i o n  canadienne de l ' a c o u s t i q u e  
pour 1981 d e v ra ie n t  se t e n i r  à Edmonton, le s  8 e t  9 oc tobre .  I l s  s e r on t  précédés 
d'une réunion du Comité de l ' a c o u s t i q u e  e t  de la  l u t t e  a n t i - b r u i t  de l ' A s s o c i a t i o n  
canadienne de n o rm a l i s a t i on ,  qui aura l ie u  le  7 oc to b re ,  e t  de deux dé ba ts ,  qui se 
t i e n d r o n t  l e  6 oc tobre ,  sur  "La prévent ion d 'une p e r t e  de l ' a c u i t é  aud i t i ve"  e t  sur  
"Aménagement des zones tamponneuses de b r u i t  du t r a n s p o r t " .

P a ra l l è le m en t ,  des séances techniques son t  prévues pour les  8 e t  9 octobre 
a f in  d ' i n c l u r e  tous le s  aspects  du domaine de l ' a c o u s t i q u e .

Nous encourageons t o u t  p a r t i c u l i è r em en t  les  a s s i s t a n t s  à amener le u r  con jo in t  
e t  à p a r t i c i p e r ,  après la  tenue des réunions ,  à une v i s i t e  organisée  de la région 
de Jas pe r - Ban f f .

La demande o f f i c i e l l e  de documents p a r a î t r a  dans le  numéro d ' a v r i l  (Volume 9 
(2)) de la  revue Acoustique e t  l u t t e  a n t i - b r u i t  au Canada.
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LA DOSE DE BRUIT 
COMMENT LA MESURER DANS LA GRA.NDE ENTREPRISE

MM. JACQUES COTE ET MARCEL MORIN

Société d ’electrolyse et de chimie Alcan Ltée 
Service du développement technologique et 

Contrôle de l’environnement 
C.P. 500, Arvida, Québec, G7S 2C5

SOMMAIRE

Une perte d'acuité auditive causée par une exposition 
prolongée au bruit étant reconnue, il en est de même 
pour le principe de la dose de bruit comme moyen pour 
prédire une telle perte. Toutefois, les méthodes pour 
mesurer la dose de bruit sont multiples. Une brève 
revue de quelques méthodes est donnée ainsi qu'une 
évaluation de chacune d'elles. Dans une grande entre
prise et surtout en présence de bruit et de durée de 
travail variables, la technique de 1'audio-dosimétrie - 
sonométrie semble un choix valable pour mesurer la dose 
d'exposition et identifier la ou les sources responsa
bles d'une surexposition.

ABSTRACT

A hearing loss caused by prolonged exposure to noise is 
well known. It must also be recognized that the noise 
dosage should be used as a means to predict such hearing 
loss. However, methods for measuring the noise dosage 
are numerous. A brief review of a few methods and their 
evaluation are given. In a large plant and especially 
in the presence of variable noise levels and exposures 
the audio-dosimetry-sound level meter method would appear 
a valuable choice for measuring the noise dosage and 
identify the noise source (s) responsible for over-exposure.

INTRODUCTION

La surdité professionnelle est un déficit auditif permanent dû à l'expo
sition prolongée à des doses d'exposition au bruit produites au cours de 
l'activité professionnelle.

Le problème de la surdité professionnelle est depuis longtemps reconnu. 
Karmy , dans un article intitulé "Occupational Deafness" fait un bref his
torique des premiers auteurs qui ont décrit ce type de surdité. Des exem
ples classiques de surdité professionnelle sont les travailleurs d'un vil
lage de France, préposés à la fabrication des cloches, qui ont été baptisés 
"sourdins", et la surdité des riveteurs de bouilloires désignée par la sur
dité des chaudronniers.

- 6 -



Cependant à ces époques on ne pouvait que qualifier le déficit auditif 
et l'ambiance sonore. La technologie ne permettait pas de quantifier les 
déficits auditifs, les niveaux sonores et la nature des bruits.

Les premiers instruments pour mesurer les niveaux sonores semblent avoir 
fait leur apparition en 1930 ̂ 2l Cependant c'est â partir des années 1960 
et surtout dans les années 1970 que la technologie a progressé pour permet
tre l'apparition d'appareillage diversifié et versatile pour la mesure acous
tique ̂ 2l

Les études pour quantifier les causes à effet de la surdité profession
nelle n'ont cessé de se faire depuis les années 1940. A ce titre, il serait 
peut-être bon de rappeler les travaux de pionniers tels que ceux de Rosenblith 
en 1942, de Ruedi et Furrer ̂ e n  1946, de Cox et coll. <5)en 1953 et plus ré
cemment, de Guignard et Johnson ̂7\

Pour établir des relations de cause a effet et pour protéger l'acuité 
auditive des travailleurs, de nombreux critères et normes d'exposition au 
bruit ont été élaborés. Une bonne revue des divers critères d'exposition 

^  ^  / g )  
proposes a ete effectuee par NIOSH aux Etats-Unis.

Depuis plusieurs années, des normes d'exposition au bruit sont apparues 
dans divers pays et provinces ou sont sur le point de l'être ou d'être modi
fiées (plus restrictives).

La majorité des normes d'exposition au bruit se base sur le concept de 
la dose d'exposition journalière ou hebdomadaire. La dose d'exposition tient 
compte de trois paramètres importants :

1) le niveau sonore exprimé en dBA (unité qui tient compte également du 
contenu frëquentiel du bruit)

2) la durée d'exposition à chacun des différents niveaux sonores

3) le temps permissible â chacun de ces niveaux sonores.

Plus les niveaux sonores augmentent, plus le temps permissible pour une 
dose journalière diminue. Dans le contexte nord-américain, un taux d'échange 
de 5 dBA * est utilisé, comparativement à un taux d'échange de 3 dBA dans la 
plupart des pays européens.

De nos jours, il existe trois raisons majeures pour mesurer les doses 
d'exposition au bruit:

1) vérifier si les normes sont respectées

2) déterminer les priorités d'action dans les étapes de réduction de 
bruit

3) établir des relations possibles de cause à effet.

Méthodes pour mesurer ou évaluer l'exposition au bruit

Les méthodes proposées pour mesurer ou évaluer l'exposition au bruit sont 
nombreuses et des plus diversifiées. Certaines méthodes proposées (liste non

* En Amérique du Nord, présentement seule la Colombie-Britannique utilise un 
taux d'échange de 3 dBA.
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exhaustive) utilisent une approche statistique (9’11,) graphique (1 2\ une combi
naison de niveaux sonores, temps d'exposition approximatif et informatique^13 51 h* 
et cartes de bruit^15’16?

Toutefois j, les méthodes les plus couramment utilisées ont été revues entre 
autres par Martin (17)s Kamperman ( 1 8)et Yerges 9fet sont résumées ci-aprës :

a) sonométrie - chronométrie

b) niveau équivalent par sonométrie ou autre technique05

c) enregistrement magnétique et/ou graphique du bruit

d) audio-dosimétrie.

Toutes les méthodes ci-haut mentionnées comportent des avantages et des 
inconvénients. La technique parfaite pour mesurer la dose d'exposition ne 
semble pas exister encore ’ 2 1 ’225 .

Faire une critique de chacune de ces méthodes n'est pas possible ici mais 
signalons les inconvénients les plus souvent soulevés: la complexité, le coût 
(appareillage et personnel qualifié) et une information limitée.

Néanmoins, à titre d'exemple, regardons la méthode sonométrie - chronométrie. 
Cette méthode consiste à mesurer le bruit avec un sonomètre (dBA en mode lent) 
et â chronométrer le temps exposé aux différents niveaux sonores. Les bruits 
inférieurs à 85 ou 90 dBA ne sont pas considérés. A la fin de la journée il 
faut calculer, manuellement, à l'aide de calculatrices ou de l'informatique, 
la dose d'exposition partielle â chaque niveau sonore (ou classe de niveau). 
L'addition de toutes les doses partielles donne la dose totale journalière.

Cette méthode comporte les désavantages suivants:

a) difficulté inhérente à prendre les données de deux instruments séparés 
(sonomètre - chronomètre) et d'en noter les résultats;

b) imprécision des lectures sonomètre - chronomètre dans des champs so
nores variables et imprévisibles dans le temps et le niveau;

c) difficulté et parfois impossibilité de suivre un travailleur (ex.: 
travailleurs d'équipes d'entretien) à cause des difficultés d'accès 
ou de danger;

d) échantillonnage limité: un technicien ne peut que mesurer la dose 
d'exposition d'un travailleur par jour.

D'autres désavantages d'ordre administratif ont été signalés par Dearf23).

Pour une usine employant des milliers de travailleurs, la technique sono
métrie - chronométrie est à toutes fins pratiques irréaliste. Toutefois cette 
technique a l'avantage d'identifier adéquatement les sources de bruit et la 
durée d'exposition responsables des doses de surexposition.

Dans une grande entreprise ou les travailleurs peuvent être répartis dans 
des centaines de diverses occupations, aussi bien reliées à l'opération qu'à 

l'entretien, la mesure de l'exposition au bruit par audio-dosimétrie nous



apparaît la plus simple et la plus pratique.

En effet, la méthode de mesurer la dose d'exposition par audio-dosimètre 
a fait son apparition vers le début des années 1970 et n'a cessé depuis de

-- f 2 3 * 3 1 }
gagner en popularité 1 .

Brièvement 1'audio-dosimètre est un appareil qui, porté par un travailleur, 
accumule les bruits pondérés en dBA à partir d'un certain niveau sonore (80,
85 ou 90 dBA) et tient compte du temps à chacun de ces niveaux et les compare 
au temps permissible décrit dans une norme. L 'audio-dosimètre donne alors, â 
la fin de la journée, la dose totale d'exposition généralement exprimée en 
pourcentage de la dose permissible.

Une fois les règles d'étalonnage respectées, l'audio-dosimétrie offre donc 
l'avantage d'être simple et permet un vaste échantillonnage quotidiennement.

DISCUSSION

L 'audio-dosimétrie offre l'avantage primordial de répondre à la question 
suivante: les normes sont-elles respectées? Si les normes sont respectées, 
l'information obtenue par audio-dosimétrie peut être suffisante.

Si les normes d'exposition sont dépassées, 1'audio-dosimétrie ne répond 
toutefois pas à la question: quels sont les endroits et sources de bruit 
responsables de la surexposition?

Pour remédier à cette lacune, la technique audio-dosimétrie - sonométrie 
peut être utilisée avantageusement. Cette approche consiste à mesurer les 
niveaux sonores des principaux endroits et outils de travail des employés sur 
lesquels les audio-dosimètres ont été placés.

Cette technique combinée offre plusieurs avantages notamment:

a) vérifier rapidement si les résultats obtenus par audio-dosimétrie sont 
valides; en effet, à partir des relevés des niveaux sonores auxquels 
les travailleurs sont exposés durant la journée de travail et des 
durées approximatives de travail (obtenues des contremaîtres ou des 
travailleurs) il est possible de vérifier si la dose d'exposition 
mesurée semble plausible ou si la dose semble erratique présumément
à cause d'un mauvais fonctionnement de l'appareillage ou d'une plai
santerie de la part du travailleur;

b) identifier assez précisément la ou les sources de bruit responsables 
d'une surexposition;

c) éviter de suivre chaque travailleur pas à pas, ce qui peut être dif
ficile ou gênant pour plusieurs d'entre eux;

d) permettre assez de temps quotidiennement pour s'enquérir de la charge 
de travail des employés étudiés,- des paramètres de production et 
d'effectuer une compilation quotidienne des données recueillies.

Si les tâches à mesurer sont des postes "fixes" et où le niveau sonore 
est assez stable, la technique sonométrie - chronométrie peut sembler prati
que mais plusieurs tests resteraient nécessaires pour déterminer la variabi-



lité des doses d'exposition. Ceci représente donc un homme-test, ce qui est 
long, fastidieux et fort coûteux.

L'audio-dosimétrie a pour avantage principal de faciliter la prise des 
données. En effet la personne chargée de la mesure peut distribuer et sur
veiller plusieurs audio-dosimètres par jour. On comprendra donc la prati
cabilité dans la grande entreprise, où on y rencontre en outre de nombreuses 
occupations rattachées à l’entretien, du choix de la technique audio-dosimé- 
trie - sonométrie pour mesurer la dose d ’exposition au bruit.

Certains s'élèveront sûrement contre la précision des mesures obtenues 
par audio-dosimétrie !'32  ̂et de 11 inter-variabilitë d'un appareil à l'autre ̂ 33 .̂ 
Il n'est pas possible ici de faire une critique en profondeur des marges 
d'erreurs reliées à l'appareillage ou aux méthodes mais signalons que la 
principale source d'erreur semble se manifester en présence de bruit impul
sionnel ou quasi impulsionnel^1953^  En effet en présence de ces bruits,
1 *audio-dosimètre semble surévaluer la dose d’exposition.

Actuellement, toutes les normes sur l'exposition au bruit considèrent 
séparément la dose d'exposition au bruit plus ou moins continue d’une part 
et l'exposition au bruit impulsionnel d'autre part.

En pratique, les travailleurs sont exposés simultanément à ces bruits et 
rien encore n'indique comment l'addition doit se faire pour établir une dose 
totale reliée à des études de cause â effet. Toutefois, l'approche suggérée 
par Cluff^22^à cet égard doit être prise sérieusement en considération.

Compte tenu qu'une marge d’erreur est possible avec 1’audio-dosimètre 
(comme d'ailleurs avec toute autre technique), il convient d'établir une 
gamme de probabilités des résultats obtenus ̂ 2 7\ Cette gamme couvrira en 
majeure partie les imprécisions inhérentes aux mesures. La gamme recomman- 
dable est la suivante:

a) dose permissible inférieure à 75%: grande certitude que la norme 
est respectée

b) dose permissible entre 75 et 133%: incertitude statistique si la 
dose excède ou non la norme

c) dose permissible supérieure à 133%: certitude que la norme est 
excédée.

Actuellement l'audio-dosimétrie demeure donc un moyen valable pour me
surer adéquatement l'exposition au b r u i t c a r  comme il a été mentionné 
précédemment, la technique pratique parfaite n'existe pas.

L'audio-dosimétrie - sonométrie permet non seulement d'obtenir un bon 
nombre de résultats quotidiennement mais a aussi l'avantage d'étudier pra
tiquement plusieurs travailleurs à des jours différents afin d'établir la 
variabilité des doses d'exposition.

L'appareillage et la méthodologie pour l'audio-dosimétrie ne cessent 
d'évoluer et de se perfectionner'3 '3 Bt qui sait si dans un proche avenir, 
avec les améliorations techniques qui y seront apportées, cette technique ne 
deviendra pas des plus versatiles et des plus précises.
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En conclusion, la technique de 1'audio-dosimétrie - sonométrie pour 

mesurer la dose d'exposition au bruit semble un choix des plus pratiques 

dans la grande entreprise.
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THE ACOUSTICS OF THE NEW MASSEY HALL

Report o f  the II  Technical Meeting o f  the CAA 
Toronto Chapter ,  September 29, '1980

By C o u r te s y  of
A r t h u r  E r i k s o n ,  A r c h i t e c t s
T o ro n to

We are s i n c e r e l y  pleased to  r e p o r t  t h a t  t h i s  meeting was again a success  because 
of the q u a l i t y  o f  the speakers  as well as o f  the number o f  a t t e n d a n t s .

The meeting was again held in the Ontar io  Hydro Auditorium, where over 60 
members and guests  (among them Lenn Bl izza rd  with a bunch o f  e n t h u s i a s t i c  George 
Brown s t u d e n t s ) ,  assembled to hear  the p r e s e n ta t i o n s  and to ask q u e s t io n s .

Our f i r s t  speaker  was Mr. Keith L o f f l e r ,  D i rec to r  o f  Opera t ions,  Arthur  Erikson 
and A ss . ,  A r c h i t e c t s .  He presen ted  in  a very l i v e l y  manner some background o f  the 
Massey Hall p r o j e c t .  Then he concentra ted  on the design of  the h a l l  i t s e l f  and how 
i t  had changed from e a r l y  " im i ta t io n s "  of  the Boston Hall and the ac tua l  Massey Hall 
to i t s  f ina l  shape. Impressive s l i d e s  o f  d i f f e r e n t  models used during the study 
showed how the ha l l  was then "enclosed" in to  the bu i ld in g  and how i t  i s  r e l a t e d  to 
the p ro jec ted  development.

The quest ion  and answer session  t h a t  followed Mr. L o f f l e r ' s  p re s e n t a t i o n  was 
l i v e l y  and helped everyone ge t  a more comprehensive idea of  the whole p r o j e c t .

The h ig h l ig h t  o f  the coffee  break fol lowing was the p a s t r i e s  prepared by 
Mrs. Oe t l inge r  which were much b e t t e r  accepted than the t r a d i t i o n a l  donuts .
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The second p a r t  o f  the meeting was the p re sen ta t io n  by Dr. Theodore Shu l t z .
He s t a r t e d  with an overview o f  some o f  the e x i s t i n g  concer t  h a l l s  and the underlying 
c h a r a c t e r i s t i c s  t h a t  are  considered as fundamental fo r  t h e i r  musical q u a l i t y .  Afte r  
reviewing the importance of  rev e rb e ra t io n  t ime,  he concentra ted  on e a r ly  acous t ic  
r e f l e c t i o n s  and how to  obta in and control them. He then expla ined how these concepts 
are a p p l ied  in  the New Massey Hal l .

S p e c i f i c  acous t ica l  d e t a i l s  discussed  were as fo l l ows:  Sound absorbing banners 
hanging from the  cen te r  of  the c e i l i n g  w i l l  change the r eve rbe ra t ion  time from 1.5s 
to 2 .5s in  s teps  o f  0.25 by r a i s i n g  or  lowering p a r t s  o r  a l l  o f  them. Another high
l i g h t  i s  r e f l e c t i n g  surfaces  over the podium t h a t  r e f l e c t  the sound toward the 
audience.  Other d e t a i l s  discussed  were the very low background noise  (NC = 15) and 
the p a r t i c u l a r  arrangement of  some of  the sea ts  behind the podium.

Dr. S h u l t z ' s  well known s k i l l  as a speaker  enabled him to p resen t  in an easy 
manner some o f  the fundamentals behind the design of  the acous t ic s  of  the h a l l .

The ques t ion  and answer per iod fol lowing complemented well the whole p re sen ta t io n .

We a l l  enjoyed very much the  e x c e l l e n t  p r e s e n t a t i o n s  as well as the f a c t  of 
having such an e n t h u s i a s t i c  audience.

An experienced senior engineer is required as a consultant/ 

engineer. Also, recent engineering graduates at Bachelors, 

Masters and Doctorate level with applicable academic back

ground need as project engineers. For both positions compe

tence in several of the following fields is desirable :

- environmental noise studies
- architectural acoustics
- in-plant noise control— analysis, design & implementation
- noise and vibration control product design
- vibration analysis/structural dynamics— analysis & design

A. Behar
Ph: (416) 683-7516

NOISE AND VIBRATION CONTROL ENGINEERS

c o n t a c t : d , l , a l l e n
V I B R O N  L I M I T E D

1720 M E Y E R S I D E  D R I V E  
M I S S I S S A U G A ,  O N T A R I O  l_5T 1a3
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ACOUSTICS WEEK IN MONTREAL

This  h ig h l y  s u c c e s s f u l  week from October  20-25 ,  19803 c o n s i s t e d  o f  3 p a r t s :

(1) Seminar on "Occupa t ional  Exposure t o  Noise and V i b r a t i o n :  E f f e c t s ,  Measurement 
and C o n t r o l " ,

(2) Canadian A c o u s t i c a l  A s s o c i a t i o n  Annual Meet ing and Symposium",

(3) Canadian S tanda rds  A ss o c i a t i o n  A co u s t i c s  and Noise Control  Committee Annual 
General Meet ing.

In d iv id u a l  r e p o r t s  on each o f  t h e s e  i tems fo l l o w :

SEMINAR REPORT

The seminar ,  j o i n t l y  o rgan ized  by Nat iona l  Research Council and Hea l th  and 
Welfare Canada, was wel l  a t t e n d e d ,  w ith  150 p a r t i  ci p a n t s „ The 2 day seminar  was 
d iv id e d  in to  2 p a r t s ,  t h e  f i r s t  day on "Occupat iona l  Exposure o f  the  Hands to  
V ib ra t io n "  and th e  second day on "Occupa t iona l  Exposure to  Noise" .  Each day 
concluded wi th a panel d i s c u s s i o n  on r e l a t e d  s u b j e c t s .  Lec tu res  and a u t h o r s  were 
as f o l l o w s :

Occupat ional  Exposure o f  th e  Hands to  V ib r a t i o n
" V ib ra t io n  White F in g e r .  Symptoms, s ig n s  and o b j e c t i v e  t e s t s  f o r  d i a g n o s i s " .  

Ors» P,L„ Pelmear (0nt„  Min. o f  Labour) and P„V0 P e l n a r  (McGill U n i v . ) ;  "Occupa t iona l  
Exposure o f  the  Hands to  V ib ra t i o n  in  Canada",  Drs„ G.W„ Gibbs (Ce lanese  Can„) and 
P.V. P e l n a r ;  "Measurement o f  Hand-Transmit ted V i b r a t i o n " ,  " R e l a t i o n s  between 
Exposure to  V ib r a t i o n  and the  Development o f  t h e  V i b r a t i o n  Syndrome",  "L imited  
Exposure o f  the  Hands to  V i b r a t i o n " ,  a l l  by Dr. A.J„ Brammer„

Occupa t ional  Exposure t o  Noise
"Review o f  E f f e c t s  o f  Noise on Man and T h e i r  R e l a t i o n  to  Noise Exposure" ,

Dr. E.A.G. Shaw; " R e g u la t in g  Occupa t iona l  Exposure t o  Noise -  A Review",  Mrs. D.A. 
Benwell;  "Consequences o f  Occupat iona l  Exposure to  Noise in  Canadian I n d u s t r y " ,
Dr. P.W. A lb e r t i  (Univ., o f  T o ro n to ) ;  "Measurement o f  Noise Exposure and I t s  Re la ted  
D e s c r i p t o r s " ,  Drs„ GoSoK* Wong and E.A„G. Shaw„

One hundred and t h i r t y - f o u r  r e g i s t r a n t s  a t t e n d e d  ou r  19th Annual Meet ing in  
M o n t rea l .

DoA. Benwell 
Co-Organizer

CAA ANNUAL MEETING AND SYMPOSIUM -  CONVENOR'S REPORT

60 from Quebec 
54 from O nta r io  

4 from A lb e r t a

1 from Manitoba 
3 from Denmark 
1 from A u s t r a l i a

3 from B r i t i s h  Columbia 
3 from Nova S c o t i a  
1 from New Brunswick

1 from Sweden 
3 from U.S.A*
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F o r ty - s ix  papers  were read.  We hope th a t  many of  these w il l  be publ ished 
in "Acoust ics and Noise Control in Canada".

The speaker  a t  the CAA Annual Dinner was Dr- Brian Slack ,  Chairman of  the 
Department o f  Geography a t  Concordia U n ive r s i ty ,  and,  an exper t  on Montreal as a 
World City» He spoke (without p u l l ing  any punches) on "Montreal - The Challenge 
of  T r an sp o r ta t io n " .

We toured the Transport  Canada Motor Vehicle Tes t  Centre a t  B l a i n v i l l e .  This 
i n s t a l l a t i o n  in c lu d es :  Environmental Chambers to -40°C, c o l l i s i o n  t e s t i n g  
f a c i l i t i e s ,  a 6„5 Km t r a c k  with "hands off"  speeds to 180 Km/h, grass  and ice  t e s t  
a r e a s ,  and a mobile aco u s t i c a l  l abora to ry  fo r  veh ic le  noise measurements.

I thank Claude Cosse t te ,  Bob Cyr, Richard Guy, Geoff Pe rry ,  Cameron Sherry and 
Mike St inson who worked hard to  make t h i s  meeting a success .  Special  thanks are^ 
a l so  due to  Ri ta  Winslade,  s e c r e t a r y  to Cameron Sherry and my wife J i l l  who put  in 
many hours behind the scenes and on the r e g i s t r a t i o n  desk»

CoWo Bradley,
Convenor,

CAA ANNUAL MEETING - SECRETARY'S REPORT

Minutes of  the Annual General Meeting of  the 
Canadian Acoust ical  Assoc ia t ion 

Held a t  the C o n s te l l a t io n  Hotel ,  Montreal ,  on October 22, 1980

1. The meeting was c a l l ed  to order  by P res iden t  T. D. Northwood a t  5:45 p.m.

2. The minutes o f  the previous annual general  meeting were read by the 
Execut ive S e c re ta r y ,  J .  Manuel. On a motion by B. Dunn seconded by 
E. Bolstad these  were accepted as read.

3. The Executive Sec re ta ry  read the correspondence received s ince  the 
previous meeting was held.  There was no f u r t h e r  comment or d i scuss ion .

4. P r e s id e n t  T. D. Northwood presented the r e p o r t  on the meeting of 
D i rec to rs  held p r io r  to  the annual general  meeting. He noted t h a t  
a t  the l a s t  general meeting in Windsor the membership approved the 
formation of  a Task Group to take a p p ro p r i a t e  s teps  to prepare an 
i n v i t a t i o n  to the I n te rn a t io n a l  Congress on Acoust ics  to hold the 
1986 meeting in Canada. The Task Group looked a t  th ree  c i t i e s ;
Montreal ,  Ottawa and Toronto,  taking  in to  c o n s ide ra t ion  the f a c i l i t i e s  
a v a i l a b l e  and the funding p o s s i b i l i t i e s .  Af te r  two meet ings,  the 
Task Group concluded t h a t  i t  was indeed f e a s i b l e  to i n v i t e  ICA to 
hold the 1986 meeting in Canada.

At a t h i r d  j o i n t  meeting of  the Task Group and a l l  the CAA Direc tors  
in  Toronto,  i t  was decided t h a t  Toronto and p a r t i c u l a r l y ,  the 
U n ive rs i ty  of  Toronto Campus, was the p r e fe r r e d  s i t e .  Upon reaching 
t h i s  d e c i s ion ,  an i n v i t a t i o n  and brochure was prepared by the Task 
Group fo r  p re sen ta t io n  to the I n te rn a t io n a l  Commission on Acoustics 
in  Sydney during the 10th ICA 1980 meeting.

- 1 5 -



The Chairman sa id  t h a t  he had a l so  w r i t t e n  to the Chairman of  the 
In te rn a t io n a l  Commission on Acoustics  adv is ing  him, in advance, 
t h a t  Canada was preparing an i n v i t a t i o n  f o r  the 12th ICA in 1986.
He, the Chairman, thought  t h a t  we had paved the  way very well and 
t h i s  sen timent was confirmed in a subsequent  l e t t e r  rece ived  from 
the ICA Chairman R. T. Beyer, who wrote ,  " ( th e  Canadian d e lega t ion )  
had more than done t h e i r  homework and v i r t u a l l y  every p o te n t i a l  
ques t ion  had been researched and a p p ro p r ia t e  answers were a v a i l a b l e " .  
"I th ink  I may say t h a t  the u n o f f i c i a l  opinion of  the Commission 
t i l t e d  s t rong ly  in (Canada's) d i r e c t i o n . "  "However, the re  was 
sentiment  a t  the Commission meeting to  delay  a dec i s ion  a t  the 
p resen t  t ime". Chairman T. D. Northwood sa id  t h a t  the CAA would 
continue to take  a f a i r l y  agg ress ive  s tance  to  get  a fi rm commitment 
on the  12th ICA. To t h i s  end,  con tac t s  would be maintained and 
promoted by O f f i ce r s  and the  Task Group.

5. The Chairman informed the meeting t h a t  s t eps  a re  being taken by the 
Direc to rs  to  work ou t  a s imple and s a t i s f a c t o r y  procedure f o r  the 
"Direc tors  Award". More informat ion on t h i s  would be inc luded in 
the Newsle t te r .

6. In o rde r  to make the CAA more a t t r a c t i v e  to francophone a c o u s t i c i a n s ,  
the Chairman noted t h a t  the D i rec to rs  had appointed M. Osman as an 
Honorary O f f i c e r  f o r  t h i s  purpose.

7. With re s p e c t  to the Newsle t te r ,  the P res id en t  noted t h a t  D. N. May 
had res igned  as E d i to r - in - C h ie f .  To f i l l  the vacancy D. Benwell i s  
being nominated as E d i to r - i n - C h i e f .  Also D. J .  Whicker has been 
re lo c a t ed  to Vancouver and the s e c r e t a r y  o f  the CAA ( J .  Manuel) w i l l  
assume r e s p o n s i b i l i t y  fo r  membership r e g i s t r a t i o n ,  records and 
mailing l i s t .

8. The Chairman then c a l l e d  on T reasu re r  L. R u ss e l l ,  to p re s en t  the 
f in a n c ia l  r e p o r t .  The T reasu re r  noted t h a t  the CAA was in good 
f in a n c ia l  shape as o f  the end o f  1980. Total su rp lus  on
August 31, 1980 was $5,142.38.  He sa id  t h a t  th e re  was s u f f i c i e n t  
funds to permit  an upgrading o f  the Newsle t te r  q u a l i t y  as had been 
agreed to by the  D i rec to r s .  The r e p o r t  was accepted wi thou t  f u r t h e r  
d i s cu s s io n .

9. The A u d i to r ' s  r e p o r t  was presented  by T. Brammer. He sa id  t h a t  he 
had examined the CAA books which had been kept  in exemplary o rder .
He f e l t  t h a t  the T r e a s u r e r ' s  r e p o r t  f a i r l y  r e f l e c t s  the f in a n c ia l  
s t a t e  of  the Assoc ia t ion .

10. T. Brammer moved and A. Behar seconded the  motion t h a t  the  A u d i to r ' s  
r e p o r t  be accepted as read.  Car ried unanimously.

11. In the subsequent  d i s cu s s io n ,  the Treasu re r  noted t h a t  the  f in a n c ia l  
r e p o r t  did not  inc lude  the income from the  1979 Windsor meeting 
which amounted to $1,494.85.  The CAA year-end  a s s e t s ,  in f a c t ,  now 
exceed $7,000 because o f  the Windsor meeting revenue and m i s c e l l a 
neous a d v e r t i s i n g  revenues.
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12. L. Russel l  moved and J. Hemingway seconded the motion that  the  
Treasurer 's  report  be accepted.  Carried unanimously.

13. I t  was resolved that  "the annual membership f e e ,  the annual sub scr ip 
t io n  fee  and the annual membership fee  for  s tudents be continued at  
the present  l e v e l s " .  Carried unanimously.

14. E le c t i on  o f  o f f i c e r s .  The report  o f  the Nominating Committee was 
presented by W. Bradley.  In his  remarks he noted that  the CAA 
c o n s t i t u t i o n  provides tha t  the organizat ion  be run by Off icers  
e l e c t e d  or re e le c te d  annually a t  the p leasure o f  the membership.
The CAA i s  governed by Directors  appointed for  four year terms. He 
then nominated the fo l lowing  O f f ic er s :

President :
Executive Secretary:
Treasurer:
Ed i tor- in-Chief :

T. D. Northwood (continuing)
J. Manuel (continuing)
L. T. Russel l  ( continuing)
D. Benwell (new, replacing  D. N. May)

15. The President  accepted these nominations and then c a l l e d  for  
further  nominations from the f l o o r .  There being no further  
nominations B. Dunn moved and R. Johnston seconded c losure  o f  
nominations.  Carried.

16. Pr es ident  T. D. Northwood, on behal f  o f  the O f f i c e r s ,  accepted the 
appointments and thanked the membership for  t h e i r  confidence in the 
O f f i c e r s .  He congratulated D. Benwell on her e l e c t i o n .

17. El ec t io n  of  Directors .  W. Bradley reported tha t  the Nominating 
Committee had nominated S. Eaton and J.  Foreman to f i l l  the 
D irectorships  being vacated by G. Faulkner and H. Jones.

18. The President  accepted these nominations and noted that  because a 
th ird  nomination,  tha t  o f  M. Osman, had been received in wri t ing  
pursuant to the CAA c o n s t i t u t i o n ,  a s e c r e t  b a l l o t  was necessary.
As a r e s u l t  o f  the s e c r e t  b a l l o t  o f  members in good standing,
S. Eaton and M. Osman were declared e l e c t e d .

19. In congratu lat ing  the new D ir ec to rs ,  the Chairman confirmed the  
1980/81 l i s t  o f  CAA Directors  as fo l l ows :

S. Eaton 4 year term (B.C.)
M. Osman 4 year term (On t . )
R. Cyr 3 year term (Que. )
J. Hemingway - 3 year term (On t . )
D. Whicker 2 year term (B.C.)
J. Piercy 2 year term (O nt . )
C. Sherry 1 year term (Que.)
E. Bolstad 1 year term (Al t a . )
H. Jones re t i  red (N.S. )
G. Faulkner ret i  red (Alta.  )
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20. P res id en t  T. D. Northwood commented on the work o f  the  E d i to r i a l  
team. He sa id  t h a t  the p a s t  yea r  had seen the Newsle t te r  improve 
i s su e  by i s sue .  He expla ined t h a t  the reason f o r  e s t a b l i s h i n g  the 
annual fee  s t r u c t u r e  was to cover the c os t  of  producing the Newsle t te r .  
The Chairman noted t h a t  CAA was budgeting fo r  a s l i g h t  d e f i c i t  next 
y e a r  to allow fo r  the q u a l i t y  upgrading.  He thanked D. N. May and
his  team fo r  t h e i r  e x c e l l e n t  e f f o r t .  A vote of  thanks was moved 
by J .  Piercy  and seconded by T. Brammer. Car r ied unanimously.

21. P res id en t  T. D. Northwood sa id  t h a t  th e re  were thoughts  t h a t  the 
name of  the Newslet ter  be changed to something more ap p ro p r ia t e .
He proposed t h a t  t h i s  quest ion  be r e f e r r e d  to the D irec to rs  fo r  
f u r t h e r  d i s cu s s io n .  Any sugges t ions  on a s u i t a b l e  name would be 
welcomed by him.

22. The P res id en t  noted t h a t  I n t e r n o i s e  '80 would be held in Miami in 
December 1980. The CAA would be rep resen ted  a t  meetings of 
I n t e r n a t io n a l  INCE during t h a t  per iod.

23. G. Bols tad noted t h a t  he would a c t  as Convenor of  the 1981 CAA 
Symposium to be held in Edmonton on October 8-9,  1981. On behal f  
o f  h is  committee, he re por te d  on the proposed lo c a t io n  and plans 
f o r  the event .  The theme "Why Hearing Prese rva t ion  Rather Than 
Conservation" was the bas is  f o r  a planned one-day industry-management 
seminar planned f o r  t h a t  week. The seminar would be supported by 
the U nive rs i ty  of  Alberta  Extension Department,  the Alberta  Chamber
of  Resources,  the Canadian Assoc ia t ion  of  Oil Well D r i l l i n g  Contractors  
and the Edmonton Chamber of  Commerce.

24. At the suggest ion  of  J .  Manuel, the membership agreed to  hold the 
1982 CAA Symposium and annual meeting in Toronto.

25. There being no f u r t h e r  bus iness ,  the meeting was adjourned a t  7:15 p.m.

J .  Manuel, Sec re ta ry

CAA ANNUAL MEETING -  TREASURER'S REPORT

The T r e a s u r e r ' s  r e p o r t  c o n s i s t s  o f  the fol lowing p a r t s :  (a) Statement o f  Cash 
Receipts  and Expendi tures  fo r  the Period o f  September 1, 1979 to  August 31, 1980 
and (b) a breakdown of  these  f igu res  r e f l e c t i n g  the major income and expenses up to 
October 31 , 1980,

Les l ie  T. Russel 1,
T rea su re r .
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STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS FOR PERIOD SEPT, 1 ,  1979 TO AUG. 31,  
1980.

R e c e i p t s

N e w s l e t t e r ,  a d v e r t i s i n g ,  membership and $ 6 s3 0 2 039 
c o n t r i b u t i o n s

I n t e r e s t  $ 198„97
M i s c e l l a n e o u s  ______10.62

$ 6 , 5 1 1 , 9 8

D is bu rs e m en t s

Bank Charges $ 2 .00
I/INCE f e e s  203 ,90
R e c e iv e r  General  o f  Canada 30 ,00
PoOo Box r e n t a l  10„00
P r i n t i n g  o f  N e w s l e t t e r  3 ,697 .41
Refund t o  O c c upa t i ona l  H e a l th  L i b r a r y  90 .00
M i s c e l l a n e o u s  33.11

$ 4 ,066o42

Ex cess  R e c e i p t s  Over D i sbu rs em en t s  $ 2 , 4 4 5 .5 6

BALANCE SHEET AS OF AUG, 31 ,  1980 

A s s e t s

Cash on hand $ 3 , 5 4 2 . 3 8
Bank o f  Montrea l  Term D e p o s i t  1 ,6 00 ,00

$ 5 , 1 4 2 . 3 8

L i a b i l i t i e s

S u r p l u s  Ba la nc e  Forward ,  Aug, 31 , 1979 $ - 2 , 6 9 6 , 8 2
Add: Excess  R e c e i p t s  o v e r  D i s b u r s e m en t s  2 , 4 4 5 ,5 6

$ 5 , 1 4 2 . 3 8

SUMMARY -  INCOME TO OCT, 31 ,  1980

Opening  b a l a n c e ,  S e p t ,  1 ,  1979 $ 1 , 0 9 6 . 8 2

R e c e i p t s  -  S e p t ,  1 ,  1979 t o  Aug, 31 ,  1980 6 , 5 1 1 . 9 9
as  p e r  s t a t e m e n t
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1979 Conference Net Rece ip t s

Memberships,  n e w s l e t t e r s ,  a d s . ,  e t c .
Aug. 31, 1980 to  Oct .  31,  1980

TOTAL*

DISBURSEMENTS -  SEPT. 1,  1979 to  AUG. 31,  1980

As per  s t a t em e n t

N ew s le t t e r  and misc .  expenses

NET BALANCE=

BANK OF MONTREAL TERM DEPOSIT 

NET ASSETS=

$ 1 ,494 .85 

1 ,360.00

$ 2 ,854 .8 5  

$10,463.65

$ 4 ,066.42  

572.52

$ 4 ,638 .9 4  

$ 5 ,824.71

1 ,600 .00

$ 7 ,424.71

CSA ACOUSTICS AND NOISE CONTROL COMMITTEE REPORT

The Te chnica l  Committee Z107 on A cous t i c s  and Noise Control  o f  
th e  Canadian S ta nda rds  A s s o c i a t i o n  met a t  th e  C o n s t e l l a t i o n  Hotel Montreal 
on 24 October  1980, immediate ly  fo l lo w in g  th e  Annual Meeting o f  th e  Canadian 
Aco us t i ca l  A s s o c i a t i o n .  Some 15 members o f  th e  Committee and a lmos t  an 
equal number o f  i n t e r e s t e d  g u e s t s  were in  a t t e n d a n c e .

H i g h l i g h t s  o f  th e  meeting in c lu d ed  th e  f o l lo w in g  i t em s :

a) Seven subcommittees  r e p o r t e d  on th e  c u r r e n t  s t a t u s  o f  Canadian Standa rds  
in  t h e i r  r e s p e c t i v e  t e c h n i c a l  a r e a s .  CSA Z107.51 "Procedure  f o r  i n - s i t u  
measurement o f  n o i s e  from i n d u s t r i a l  equipment" i s  now a v a i l a b l e  from CSA
a t  a p r i c e  o f  $11. Severa l  o t h e r  d r a f t  s t a n d a rd s  r e l a t i n g  to  i n d u s t r i a l /  
commercia l /domest i c  machinery  n o i s e  s t a n d a r d s ,  au d io m e te r s ,  sound l eve l  
m e te r s ,  and a c o u s t i c a l - m a t e r i a l s  t e s t i n g  w i l l  be b a l l o t e d  or  p r i n t e d  w i th i n  
the  next  y e a r .

b) The Canadian Advisory Committee o f  IS0/TC43 on A cous t i c s  f u n c t i o n s  in  
s e v e ra l  a s p e c t s  as one o f  th e  subcommit tees  o f  CSA Z107. A s i m i l a r  mode 
o f  o p e r a t i o n  was approved f o r  IS0/TC108 SC4 on Human Exposure t o  V i b r a t i o n .  
Dr. A .J .  Brammer o f  N.R.C. wi l l  be th e  subcommittee chai rman.



c)  Several  new members were appointed to  the  Technical  Committee on Acous t i c s  
and Noi se  Contro l .  They are:  Mrs. D. Benwe l l ,  Health and Welfare Canada, 
Ottawa; Mr. L. Bergs t en ,  C a t e r p i l l a r  Trac tor  Co. ;  Mr. B. Clarke ,  Workmen's 
Compensation Board o f  B.C. ;  Dr. G. Faulkner,  U n i v e r s i t y  o f  A l be r ta ,  Edmonton; 
Dr. A. L i g h t s t o n e ,  V a l c o u s t i c s ,  Toronto;  Mr. D. M cV i t t i e ,  Construc t ion  S a f e ty  
A s s o c i a t i o n  o f  Ontario;  Dr. D. Qu ir t ,  Nat ional  Research Counc i l ,  Ottawa;
Dr. L. R u s s e l l ,  Nova S c o t ia  Technical  U n i v e r s i t y ,  H a l i f ax .

d) Deirdre  Benwell  w i l l  become coord ina tor  o f  the  Task Force on Occupational  
Noi s e .

T.F.W. Embleton 
Committee Chairman.

THE NEW GENERATION OF 
ENVIRONMENTAL NOISE 

MONITORING INSTRUMENTS 

db-308A Metrologger
Continuous LCD Readout

A large four digit LC D  display perm its direct continuous 
readout of sound level, Lmax, Leq and test duration, even in bright 
sunlight. Test duration can be from  .25 seconds to 72 hours and 
does not have to be preset in advance.

N umerical data appears on the display readout com plete with 
identifying descriptors such as “Lnux 113”, etc. This  minimizes 
operator training and facilitates interpretation o f  data. D ata is also 
retained in mem ory for immediate review with possible violators. 
Accuracy may be confirmed by calibration before, during and 
after test periods.

Low pow er consumption (up to 100 hours on one battery) 
and rugged construction make the db-306A  ideal for community 
applications.

LEQ MEASUREMENTS LIMITED 
175 ADVANCE BLVD UNIT 12 
MISSISSAUGA, ONTARIO L5S 1H5 

PHONE: 416-453-6210

METROSOSMICS INC.
P.O. BOX 2 3 0 7 5  ■  ROCHESTER, N.Y. 1 4692  ■  7 1 6 -3 3 4 -7 3 0 0
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This paper was pub l i shed  in  
The Journal  o f  O to laryngo lo gy  
Volume 8 ,  Number 4 ,  1979,  and 
i s  reproduced here by 
perm iss io n  o f  t h e  e d i t o r c

The effectiveness 
of hearing protectors in practice

P. W. ALBERTI, M.B., Ph.D., F.R.C.S., F.R.C.S.(C), K. RIKO, M.Sc.(App.),
S. M, ABEL, Ph.D., and R. KRISTENSEN Toronto, Canada

Abstract. A series of workmen being evaluated for pensions for 
occupational hearing loss were asked to bring their own hearing 
protectors from work, to fit them themselves, following which attenua
tion studies were made. The muffs and most earplugs produced similar 
attenuation levels at high frequencies, although the muffs produced less 
attenuation a t low frequencies. In all cases the mean attenuation was 
significantly lower than optimum figures suggested in the literature, 
and the standard deviation was relatively high. Personally molded 
earplugs were significantly less effective than tire other plugs used.
Reasons are discussed for the relatively poor performance of these 
devices and the concept of assumed protection, i.e. mean minus one 
standard deviation, is discussed. There is need for better instruction 
on how to use hearing protectors if they are to be effective.

Considerable emphasis is placed upon the 
use of personal hearing protective devices 
in current hearing conservation programs1--. 
Although good hearing protectors have been 
available since the 1940’s in the form of 
both plugs and muffs, they have only come 
into widespread use in the last decade. Hear
ing protectors are usually accompanied by 
a label indicating the attenuation, which they 
are claimed to provide at various 1/3 octave 
bands.

Various standardized techniques:i(i have 
been developed to measure the attenuation

From the Department of Otolaryngology, Mount Sinai 
Hospita1, University of Toronto.

Supported, by a generous grant from the W orkmen’s 
Compensation Board of Ontario.

Presented at the 31st annual meeting of the Cana
dian Otolaryngological Society, Montebello, Quebec, 
June 1977.

Address reprint requests to Dr. P. W . Alberti, Suite 
405, 600 University Avenue, Toronto, Ontario, M5G 
1X5, Canada.

of hearing protectors and lists have been 
published of the attainable protection for 
many types71"; classifications have been pro
duced dividing protectors into classes A, B, 
and Cu, according to amount of attenuation 
found; regulations have been written identi
fying the need to wear certain classes of pro
tector in certain noise levels. The U.S. En
vironmental Protection Agency has produced 
a draft document11 for the labelling of hear
ing protectors, and indeed states that they 
have chosen hearing protector devices as the 
first product for which labelling will be 
required under Section 8 of the U.S. Noise 
Control Act in the belief that this can be 
readily done. All of this presupposes that 
the protective devices provide the same at
tenuation when worn by the workman as 
they apparently do under rigorous laboratory 
conditions.

Many industrial noise-exposed workmen 
are seen in our department for the Workmen’s



Compensation Board of Ontario (WCBO). 
So many adverse comments were heard about 
personal hearing protectors from workmen 
that we questioned whether the figures ob
tained for attenuation under ideal laboratory 
conditions using ideally fitted and new pro
tectors on trained subjects was a valid basis 
for making generalizations about the practi
cal, day to day effectiveness of personal 
hearing protective devices. We therefore de
cided to evaluate the attenuation of pro
tectors as actually worn by the workforce. 
The WCBO kindly cooperated by requesting 
that the workmen bring their own hearing 
protectors with them from their place of work 
so that they could be tested with their own 
devices during the routine pension assess
ment. This study is a report of the pre
liminary findings based on an evaluation of 
those data.

METHOD

The subjects were 88 workmen referred for 
assessment of noise-induced hearing loss by 
the WCBO. Their age range was 35-65 years, 
with a mean of 53 years. The type, location, 
and duration of noise exposure varied widely 
amongst individuals in the group, although 
all had been exposed to noise levels con
sidered by the WCBO to be potentially 
hazardous for periods of time of more than 
five and usually closer to 20 years. The 
majority were miners and steelmakers. Each 
subject brought his own ear defenders from 
his place of work and fitted the device him
self as he would wear it at work. There were 
four types: three commonly used eaq)Iugs — 
the EAR (N = 22), Willson Sound Silencer 
(N = 21), and custom molded (N =  28), and 
a group of assorted muffs, some on a head
band and some attached to hard hats (N = 17). 
A log was kept of comments about the pro
tectors made bv the workmen and observa
tions of method of wearing them, and the 
condition of the protectors.

For the test each workman was seated in 
a RINK double walled, soundproof booth.

Two six-inch diameter round speakers 
(Madsen Electronics (Canada) Limited) 
were used for presentation of the test 
sounds. These were mounted on the side 
walls of the booth about 38 inches on 
either side of the subject’s chair, the position 
of which was carefully marked so that it 
could be replicated from test to test. Am
bient noise levels within the booth were 
within the permissible level of ANSI S3.1- 
1977. The test sounds were narrow band 
noises centered at the following frequencies: 
125, 250, 500, 1,000, 2,000, 3,000, 4,000, and 
6,000 Hz. They were generated by a Madsen 
OB 70 audiometer. The audiometer and the 
booth were calibrated prior to and during 
the experimental period.

Free field hearing thresholds were deter
mined by the method of limits for each of 
the eight test sounds with the open ear. The 
subject then fitted his own protective device 
and the threshold was again measured. The 
difference between the two measures at each 
frequency gave the attenuation score.

RESULTS

The mean open ear free-field hearing thres
holds for the four protector groups are shown 
in Figure 1. The change in threshold with 
frequency is typical of a noise-induced high 
frequency hearing loss. It should be noted 
the figure is calibrated in SPL rather than 
the more commonly used IIL. At 125 Hz 
the thresholds are about 30 dB SPL and at 
6 kHz they are about 55 dB SPL. The groups 
are not significantly different at most of the 
frequencies tested: of tire 42 possible pairwise 
comparisons of the four groups at eight fre
quencies only six showed statistically signifi
cant differences (p <  .05) of die order of 
10 dB.

The mean attenuation scores for the four 
types of protector are shown in Table 1 and 
Figure 2.

The attenuation increases with the fre
quency from 125 Hz to 3 kHz for each type, 
although above 3 kHz there is some dropoff.

- 2 3 -
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Average attenuation for four types of pro-

At the lowest frequencies, 125 and 250 Hz, 
the Willson and EAR plugs give significantly 
more attenuation (about 15 dB, p <  .05) than 
the muffs (about 4 dB). The Willson plugs

are significantly better than the custom plugs, 
18 dB compared with 9 dB (p <  .01). The 
attenuation provided by muffs increases 
dramatically between 500 and 6,000 Hz. In 
this range the muffs provide similar attenua
tion to Willson and EAR plugs, but the cus
tom molded plugs provide significantly less 
attenuation than any of the foregoing (p <  
.01), across frequencies the difference being 
about 10 dB.

The distribution of individual scores at 500, 
1,000, and 3,000 Hz is shown in Figure 3 for 
three types of plug. They are compared with 
the scores obtained for a group of 102 plugs, 
comprising the 88 plugs studied together with 
an additional 14 plugs of assorted types. The 
distribution curves indicate that at each fre
quency attenuation scores cover a broad 
range, from 0-40 dB. For the group of 102 
plugs, there is a clear trend toward higher 
scores w ith an increase in frequency. A com
parison of the curves for the three main 
protector types indicates that at all frequen
cies the attenuation scores for custom molds 
are largelv concentrated between 0 and 15 
dB. At 1,000 Hz 50 per cent of the EAR 
and Willson plugs give 20 dB or more at
tenuation, and at 3,000 Hz only 5 per cent 
of these two plug types give less than 20 
dB. The average attenuation and standard 
deviation for the group of 102 plugs is shown 
in Figure 4 for the eight frequencies tested. 
The distribution of attenuation scores of plugs 
and muffs is shown in Figure 5. Both groups

Table 1. Attenuation Scores9 for Four Protector Types

Type 125 250 500
Frequency Hz

1,000 2,000 3,000 4.r'00 6,000

Custom 8.9 ±  8.8 8.8 ±  8.3 7.3 ±  6.3 9.1 ±  7.2 14.8 ±  9.2 16.8 ±  9.3 15.2 ±  9.1 13.2 ±  8.9

FAR 11.2 ±  9.1 12.7 ±  9.1 15.2 ±  7.3 18.2 ±  7.2 26.4 ±  6.9 28.3 ±  7.7 27.1 ±  8.9 21.7 ±  7.5

Willson 17.3 ± 1 1 .1 17.4 ±  9.3 17.9 ±  9.3 20.0 ±  9.4 23.3 ±  8.6 27.6 ±  8.3 25.7 ±  9.5 22.4 ±  9.7

Muff 4.2 ±  5.4 6.4 ±  7.7 15.3 ±  8.7 24.1 ±  6.2 25.3 ±  8.4 22.6±12.4 22.9+10.S 19.4 ±  9.3

"Mean ±  1 standard deviation.
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cover a broad range. At 1,000 Hz hall the 
plugs hut 82 per cent of muffs provide 20- 
35 dB of attenuation, but at 3,000 Hz the 
distribution of the two groups is similar.

The degree of relationship between the 
amount of hearing loss and the attenuation 
scores was investigated. Using these two 
measures for each subject, correlation co
efficients were computed for each tvpe of 
protector at each frequency. Onlv two cases 
were significant at the .05 level. At 125 and 
250 Hz with a custom plug, the attenuation 
score decreased as the free-field hearing 
threshold increased.
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DISCUSSION

The mean attenuation figures found in this 
study were lower than the figures generally 
accepted for both plugs and muffs. This is 
a reflection of the difference between opti
mum laboratory methods and real life prac
tice. Our own observations suggest that the 
poor low frequency attenuation of earmuffs 
could be accounted for by long hair, inade
quate pressure from springs, poor seals be
tween the muff and the head; leaks between 
the temple of eve glasses, the muff and the 
head, and poorlv maintained muffs. For plugs 
some idiosyncrasies were noted in fitting re
lated to size of ear canal and the technique 
for inserting them, including inadequate in
sertion of the plug into the ear canal and 
inadequate holding in of sponge plugs while 
they expand. Nevertheless the plugs pro
tected as well as the muffs, and thus, in this 
sample at least, belie the belief that muffs 
are a more effective method of hearing pro
tection in real life than plugs.

Custom molded plugs have had a con
siderable vogue. They are attractive to those 
initiating hearing conservation programs. 
Their use demonstrates interest in the in
dividual worker, bv provision of a specific 
customized device; although they are more 
expensive than most plugs they theoretically 
last a considerable period of time and thus 
in the long run are cheaper than many dis
posable plugs and they cost less than most 
muffs. At their best thev are excellent, but 
thev are difficult to fit exactly and the 
fitting is critical. Some of the plugs we saw 
had been tampered with bv the workman 
to make them more comfortable, thereby 
destroying their seal, in others the external 
coating had worn off, some were actually 
cracked. In this group of workmen, thev did 
not stand up to use as well as anv of the 
other devices tested. In practice we 
are not alone in criticizing the attenuation 
which thev provide7. Our findings in general 
are similar to those of Regan1-, and Edwards

et ai'3, who also found that the attenuation 
of hearing protectors in industry was lower 
than expected and that custom fitted plugs 
gave least attenuation. Their samples were 
however, small.

Flugrath and Wolfe14 have demonstrated 
that earmuff effectiveness is inversely related 
to weight and pressure of the headband, in 
other words the heavier the muff and the 
tighter the spring — the better its attenuation 
but the less comfortable it is. The workmen 
having to use these devices all dav may well 
adjust them so that they are more comfort
able, thereby perhaps destroying some of 
their effectiveness as a protective device.

The extremely wide standard deviation 
found in the attenuation characteristics is 
disappointing but probably realistic, and 
gives considerable food for thought about 
programs of hearing conservation based en
tirely on personal hearing protectors. As 
Martin10 has pointed out, standard deviation 
is important because when dealing with a 
total workforce the hearing protection pro
vided bv a specific type of protector for the 
population at risk is not the best that that 
device can produce, but must be somewhat 
less than the mean for the device to make 
allowance for poor fitting and individual 
variation. This has been codified in the 
United Kingdom under the title of “assumed 
protection” which is defined15 as the “mean 
minus 1 standard deviation” which is the 
minimum sound reduction given to the 
“majority of users” (about 84 per cent) or 
as the “lower quartile” value (75 per cent of 
users'. The former definition has come into 
general use. “Assumed protection” is an im
portant concept which is rarely taken into 
account when specific protective devices are 
being considered for a hearing conservation 
program.

Thus in this study the mean attenuation 
of 102 plugs is at all frequencies better than 
12 dB and in the higher frequencies 20 dB, 
whereas the mean minus 1 standard deviation
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— the assumed protection — is no more than 
5 dB up to 1 kHz, and at the best fre
quency of 3 kHz is onlv 12 dB. Certainly 
in this study we have found a large gap 
between the theoretical attenuation which 
hearing protectors should be able to pro
vide under optimum conditions, and the prac
tical protection provided by the devices as 
worn by workmen. This outlines the need for 
considerable education of safety personnel 
and workers in how to fit and how to take 
care of protective devices. It also suggests

that those responsible for applying hearing 
conservation programs must be realistic in 
suggesting the potential protection that can 
be expected from a program based upon per
sonal hearing protection.
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Résumé. Une étude de l’atténuation sonore fu t effectuée sur les pro
tecteurs d ’oreilles employés par une série d’ouvriers réclamant de dom
mage auditif causé par un traumatisme acoustique industriel. Les 
cache-oreilles et les bouchons produisent la même atténuation des 
hautes fréquences mais les caches-oreilles atténuent moins les basses 
fréquences. Dans tous les cas, l’atténuation moyenne était moins bonne 
que le suggère la littérature. Les bouchons moulés étaient moins 
efficaces que les autres bouchons. Nous avons discuté des raisons 
qui expliquent les piètres performances de ces divers appareils e t le 
concept de la protection assumée: la moyenne moins une déviation 
standarde. Il est nécessaire de bien démontrer comment employer les 
protecteurs pour qu’ils soient vraiment efficaces.
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MODEL STUDY OF DOUBLE TRAFFIC NOISE BARRIERS

by

F ra n c e s  S.M. King 
F a c u l ty  o f  E n g in e e r in g  S c ie n c e  

The U n iv e r s i ty  o f  W estern  O n ta r io  
London, O n ta r io  N6A 5B9

ABSTRACT

T h is  p a p er  i n v e s t i g a t e s  d o u b le  b a r r i e r s  
u s in g  a s c a l e  m o d e ll in g  te c h n iq u e .

SOMMAIRE

C et a r t i c l e  e s t  une é tu d e  su r  l ’a t t é n u a t i o n  
de b r u i t  du t r a f i c  p a r  des  é c r a n s  d o u b le s  
r e a l i s é e  à l ' a i d e  d 'u n  m odèle r é d u i t»

Introduction

Each year, governments spend l i t e r a l l y  m illions of do lla rs  on building 
highway noise b a rr ie rs .  As a r e s u l t ,  much research has concerned attempts to 
achieve the highest overa ll b a rr ie r  performance a t  the le a s t  cost. B arriers of 
various shapes and m ateria ls have been tested . This paper examines the 
performance of double b a rr ie rs  and compares them to conventional single 
b a rr ie rs  used commonly on highways.

Method

I t  was decided to investiga te  double b a rr ie rs  using a scale modelling 
technique th a t  uses tore bursts as a source signal and a gating un it to 
elim inate unwanted re f lec tio n s  (1). Variable frequency tone burst signals were 
produced using an o s c i l la to r ,  tone burst generator, power am plifier and high 
frequency loudspeaker. The loudspeaker which had been modified to approximate 
a point source was used over a range from 2 to  20 KHz. On the receiving side , 
the s igna l from a 1/4 inch microphone was amplified, high-pass f i l te r e d ,  and 
fed to the gating un it. The gating un it was used to  elim inate undesirable 
re f le c tio n s  such as those sounds re flec ted  off the laboratory ce iling  and other 
ob jec ts . The signal present when the gate was open was in tegrated and fed to  a 
lev e l recorder. As the leve l recorder and o sc i l la to r  moved in synchronization, 
continuous frequency response curves were p lo tted  autom atically. The technique 
allows a ie  to  evaluate the attenuation  due to model b a rr ie rs  as a function of 
frequency in an ordinary room and to  accurately include the e ffe c ts  of the 
ground surface.
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The model used a scale of 1:30. The position of the microphone and the 
source were fixed on each side of the barriers with 40 inches in between, which 
is equivalent to 100 feet in full scale. (Unless otherwise specified, all 
measurements refer to the full scale case.) The source and receiver heights 
were each 10 feet. The distance between the source and the first barrier was 
kept constant at 50 feet. Only the second barrier was moved so that barrier 
separations of 0.6, 2.5, 10, 20 and 40 feet were measured. The barrier was 
assumed to be infinitely long and the ground was assumed to be perfectly 
reflective. Any sound that travelled around the two aids of the barriers was 
eliminated by the gating unit. The height of the barrier was 15 feet. The 
frequency of the sound source varied from 67 Hz to 667 Hz (corresponding to 2 
KHz to 20 KHz at model frequencies), thereby covering a critical but limited 
portion of the real-life frequency spectrum.

Double Barrier Prediction Techniques

In the past, as a very simple approach, an equivalent single wall theory 
has been used to predict double barrier performance based on work by Maekawa 
(2). This theory predicts that the combined attenuative effect of the two 
walls is equivalent to the effect of a hypothetical single wall located between 
the barriers, to the point of intersection of lines from the source and 
receiver to the top of each barrier. This method has been widely used but not 
thoroughly validated. Recently, Foss (2) found that the equivalent single wall 
method consistently underpredicts the amount of attenuation and cane up with 
another approach. Foss calculated the diffractive attenuation caused by the 
first wall as if the other wall were not present. Similarly, he calculated the 
attenuation caused by the second wall as if it is by itself. The larger 
attenuation between the two was chosen and denoted as F. Then, he imagined a 
source located at the top of the first wall, and used this source to calculate 
an attenuation J, The sum F + J represents the actual attenuation due to the 
two walls. Both of these methods have been developed for free space and ignore 
the effects of ground reflections. Work at NRC by Isei et al (3) has clearly 
demonstrated that outdoor sound propagation over barriers depends on the 
complex interference of direct and ground reflected waves. The present work 
examines the attenuation of the double barriers including the ground 
reflections and compares the results with the previous two prediction methods.

Results

For a single barrier, in addition to the direct path over the barrier, 
there are three other possible ground reflected paths. Obviously, the 
combination of these different paths will create interference effects. By 
considering cnly the principal interference frequencies of the three paths, it 
can be calculated that there will be destructive interference at 167 Hz and 333 
Hz if the source and receiver are 100 feet apart and the barrier is 91 feet 
away from the source. The calculated frequencies were confirmed by the 
measured résulte shown by the single barrier curve in Figure 4. It can be seen 
from this figure that the peak attenuation at the destructive interference peak 
is almost 20 dB above the constructive interference point. This is a 
considerable difference. It is clear that a simple snooth curve prediction of 
these measur©3 results would not be a good representation.

New, let us look at the double barriers case. There are then 8 different 
paths betweai source and reœiver, and the situation is more complicated. It 
is not at all easy to predict theoretically the total amount of attenuation 
when ground reflected sound paths are included.
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The first double barrier results are given in Figure 1, which is a plot of 
attenuation versus frequency for a 10 foot separation between barriers. The 
peaks aid dips occurring at various frequencies are due to the interference 
among the different sound paths. Also shown are the predictions of Foss and of 
equivalent single wall theory which both ignore the ground effects completely.
In order to consider the overall trends as the barrier spacing was varied, a 
best fit straight line of the measured results was obtained for each case. For 
this case, it shows an average of around 3 dB more attenuation than Foss's 
theoretical prediction. The equivalent single wall method predicted 
attenuations of about 6 dB less than Foss's method at all frequencies. This 
shows that the use of the equivalent single wall theory to predict double wall 
attenuations considerably underestimates their effectiveness.

Similar results were also obtained for double barriers spaced 0.6, 2.5, 20 
and 40 feet apart. Figure 2 gives the measured attenuations versus frequency 
for those fair barrier spacings. Figure 3 compares the best fit straight lines 
to the measured values of Figure 2 and the predictions of Foss's method. The 
best agreement between measured attenuations and predictions using Foss's 
technique occurred for the largest barrier spacing. The effectiveness of the 
double barriers is seen to increase as the separation between the two barriers 
increased, This increased effectiveness can be seen by comparing measured 
attenuations for a double barrier with those for a single barrier. Figure 4 
compares measured attenuations for the double barriers with a 40 foot spacing 
with attenuations for a single barrier of the same height at the location of 
the most effective member of the double barrier pair. The double barriers 
attenuated more than the single barrier at all frequencies except at 167 Hz.
By comparing the two best fit lines, the double barriers are about 6.5 dB 
higher than the single barrier. The single barrier would have to approximately 
double its height to give 6.5 dB more attenuation, which would presumably be 
much more expensive than a second barrier of the same height.

A block barrier was built by putting cne more piece of barrier on top of 
the double barriers to give an outline shape like a building. The attenuations 
were measured for the block barrier and as illustrated in Figure 5, it shows 
similar performance to a double barrier. It seems that the building type 
barrier performs like a double barrier and is thus more effective than would be 
expected by the equivalent single wall prediction method.

A "T" cross-section barrier was also built by putting cne more piece on 
top of a single barrier. Such a configuration has been found to produce 6.5 dB 
more attenuation than a similar single barrier (4). The result obtained in 
this study, as seen in Figure 6, shows that this barrier was not much better 
than a single barrier. It is possible that a thinner top piece would have 
produced improved results, but further studies of their effectiveness should be 
considered.

Conclusions

As a result of this work, several conclusions can be made:

1. It is essential to include ground reflections when predicting the 
attenuation of barriers.

2. In some cases, double barriers may be more econimical and provide better 
performance than a single barrier. They have not been considered seriously 
in the past because the cannonly used single equivalent wall prediction 
method underestimated their performance.
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3. Foss's theory gave better predictions of the double barrier attenuations 
than did the equivalent single wall theory.

4. The average performance of double barriers, with the ground effect, 
increases as the distance between them increases.
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COMPUTERIZED AUDIOMETERS FOR 
INDUSTRIAL AUDIOMETRY

by

J. Paul Stoner 
Biotechnics Instrumentation 

P.O. Bos 153, 1161 Pettit R d . 
Burlington, Ontario L7R 3Y2

Current and proposed
legislation specify that for 
compliance purposes, a minimally 
effective Occupational Hearing 
Conservation Program consists in 
part, of the following.

1. A baseline audiogram for all 
employees exposed to noise 
levels equal to or in excess 
of the standard.

2. Periodic audiograms for each 
overexposed employee.

3. Analysis of audiogram's with 
retesting and/or referral to 
an Otolaryngologist or 
qualified physician when a 
significant threshold shift 
occurs.

These requirements provide a 
clue to the enormous amount of 
data generated by the audiometric 
component of a hearing
conservation program. The task 
becomes gargantuan if manual 
techniques are used to: test a 
large number of employees each 
day, generate written records for 
each test, separately analyze each 
test result and produce the 
necessary report. The purpose of 
this paper is to present an 
electronic data processing
approach designed to facilitate 
analysis of audiometric data 
obtained from a hearing
conservation program.

ATTENUATION OF HEARING 
PROTECTORS AND THE NRR

by

Alberto Behar, P.Eng., D.I.C., 
Safety Specialist,

Ontario Hydro,
757 McKay Road,

Pickering, Ontario L1W 3C8

The Noise Reduction Rating 
(NRR) was adopted by the 
Environmental Protection Agency 
(USA) in September, 1979, as a 
single number to assess noise 
attenuation of hearing protectors. 
By substracting the NRR value from 
an existing noise level the result 
is supposed to be the dBA level of 
98% of the protected population. 
This is a fast method to be used 
instead of the so-called "long" 
method recommended by OSHA. 
Another advantage of the NRR is 
that it avoids the need of an 
octave band measurement of the 
existing noise, by simply 
measuring the dBC level. (That of 
course, requires the use of a SLM 
with the dBC weighting network.)

This paper compares dBA 
levels of the protected ear as 
obtained by using both the NRR and 
the "long" methods.

Six different type of noises 
were used, three artificial and 
three existing. They all were 
"applied" to six hearing
protectors: two muffs, three 
plugs and one semi-insert.

The results can be summarized
as follows:

a) dBA levels obtained by using 
the NRR are always higher than 
by using the "long" method.
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b) This difference changes with 
the type of protector as well 
as with the spectrum of the 
particular noise.

Although the mean value of 
those differences was 3.5 d B A , 
individual differences were found 
to be as high as 9.0 dBA.

Because of the better 
protection obtained by using the 
NRR and of the simplicity of its 
use, its application for
industrial hearing conservation 
programs is strongly recommended.

SPEECH INTELLIGIBILITY IN NOISE 
WITH EAR PROTECTORS

Sharon M. Abel, Ph.D.?
Peter W. Alberti, M.B., Ph.D.;

F.R.C.S., F.R.C.S.(C);
Caroline Haythornthwaite,

B.Sc., M.A.; and 
K. Riko, M.Sc.(App)

Mount Sinai Hospital,
600 University Ave.

Toronto, Ontario M5G 1X5

This research investigated 
the effect of ear protectors on 
the intelligibility of speech in 
noise. The listeners were adults, 
35-65 years old, with normal 
hearing, bilateral high frequency 
or flat loss between 500 and 4000 
H z . Half the subjects were fluent 
in English and half had learned 
English as a second language and 
were poorly conversant. Taped 
lists of 25 words were presented 
free field under a variety of 
conditions in which the
signal-to-noise ratio (+5 and -5 
d B ) , the spectrum of the 
background noise (white versus 
crowd), and the presence of ear 
protection were varied.

The data indicated that in 
normal listeners the number of

words correctly repeated decreased 
as the signal-to-noise ratio 
decreased and that speech 
perception was poorer in noise 
than in quiet. For no combination 
of noise background and amplitude 
of speech did the protector have 
an effect on intelligibility. In 
marked contrast, subjects with 
either a noise-induced, high 
frequency or flat loss showed a 
substantial protector effect. For 
all hearing categories,
non-fluency with the English 
language contributed an additional 
decrement of 15 to 20 percent, but 
this was independent of the 
particular conditions for
listening. Significant
differences in performance were 
noted for different muff and plug 
types.

AGE-EFFECT CORRECTIONS IN 
IDENTIFICATION AUDIOMETRY 

AMONG NOISE EXPOSED WORKERS

by

Raymond Hetu 
Ecole d ‘orthophonie et 

d saud iolog ie 
Université de Montréal

C.P. 6128 
Montreal, Québec

An epidemiological procedure 
for the classification of results 
from screening audiometry among 
noise exposed workers is proposed. 
It relies essentially on (a) the 
identification of the workers 
suffering from a hearing loss of 
an extra-occupational origin and 
(b) the estimation of the 
proportion of workers showing 
noise-induced hearing losses 
greater than that attributable to 
age-effect in at least 90 per cent 
of the population. Available 
age-effect data will be discussed
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in terms of the sensitivity and 
specificity of the classification 
procedure as it is applied to an 
industrial population.

THE ACCURATE QUANTIFICATION 
OF INDUSTRIAL HEARING LOSS

by

K. Riko, M.Sc., (App.)*;
M.L. Hyde, B .Sc . , Ph.D.,

Cert. Stat.**;
P.W. Alberti, M.B., Ph.D., 

F.R.C.S.(C)*
Mount Sinai Hospital 
600 University A v e .

Toronto, Ontario M5G 1X5

Industrial hearing loss in 
Canada is compensated on rating 
scales based on puretone
audiometry. Accurate puretone 
quantification of hearing loss is 
therefore a matter of significant 
interest of Workmen's Compensation 
Boards. A number of factors, 
however, exist which can
contribute to audiometric errors 
inherent variability in
psychoacoustic test, instrument 
calibration errors, test
environment errors, technical 
errors in administering the 
audiogram and a variety of patient 
factors including learning,
fatigue and deliberate
exaggeration can all affect 
audiometric test results. This 
paper will discuss clinical 
techniques used to accurately 
quantify industrial hearing loss 
and some of the audiometric 
findings in a large group of 
workmen seen for the Workmen's 
Compensation Board of Ontario.

Assistant Professor in
Otolaryngology, University of 
Toronto. Chief Audiologist,

Mount Sinai Hospital,
Toronto.

** Assistant Professor in
Otolaryngology, University of 
Toronto. Associate,
Scientific Staff, Mount Sinai 
Hospital, Toronto.

*** Professor of Otolaryngology, 
University of Toronto. 
Otolaryngolog ist-in-Chief, 
Mount Sinai Hospital,
Toronto.

THE AUDIOMETRIC TEST PROGRAM 
AT INCO METALS COMPANY

by

L. Visentin and J.G. Rickaby, 
Inco Metals C o .,

Ontario Division,
Copper Cliff, Ontario POM 1N0

The Ontario Division of INCO 
Metals Company commenced
implementing a formal hearing 
conservation program for its 
employees in 1965. The
audiometric test program for all 
employees has been an integral and 
important part of this program 
since its inception. It includes 
an annual screening survey with 
open discussion of test results 
with individual employees.
Employees who are found to have 
problems are interviewed and may 
be given further tests which 
include impedance and speech 
discrimination. Those employees 
requiring diagnostic service and 
treatment are referred to 
appropriate medical authorities 
including a consulting
otolaryngolog ist.

This paper describes INCO's 
audiometric test program and 
provides an assessment of its 
results.

(Continued on page 52)
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AN IMPROV ED  TRANSDUCER MOUNT  

FOR GROUND V I B R A T I O N  MEASUREMENTS

M o h a n  B a r m a n ,  M . A . S c . ,  P . E n g .

John E .  C o u l t e r ,  B . A . S c . ,  P . E n g .

BARMAN COULTE R SWALLOW A SS OCIA TE S,  R E X DA L E ,  O NTARIO

1 . 0  I N T R O D U C T IO N

S t a n d a r d i z a t i o n  of  soi l  v i b r a t i o n  m e a s u r e m e n t  
h a s  b ee n  a n  a r e a  of v e r y  l i m i t e d  c o n s i d e r a t i o n  up u n t i l  

t h e  l a s t  d e c a d e  o r  so .  To d a t e  m e a s u r e m e n t  m e th o d o l o g y  
h a s  o n l y  bee n  p a r t i a l l y  d o c u m e n t e d .  T h e  c u r r e n t  d e m a n d  
f o r  l a n d  in b u i l t  up  a r e a s  h a s  led to b u i l d i n g  c o n s t r u c t i o n  
n e a r ,  a n d  on top of  r a i l  t r a n s p o r t a t i o n  c o r r i d o r s ,  a n d  c a u s e d  
s u f f i c i e n t  d i f f i c u l t i e s  to d e m o n s t r a t e  a  r e q u i r e m e n t  f o r  r e l i a b l e  
v i b r a t i o n  m e a s u r e m e n t  m e th o d s .

T h i s  p a p e r  d i s c u s s e s  t r a n s d u c e r  m o u n t i n g  meth ods  
f o r  o b t a i n i n g  a c c u r a t e  soi l  v i b r a t i o n  m e a s u r e m e n t .  P r o p o s e d ,  
is  a n  i n e x p e n s i v e  sys te m  b e l i e v e d  to o f f e r  c o n s i d e r a b l e  
a d v a n t a g e  o v e r  c u r r e n t  p r a c t i c e s .

2 . 0  C O U P L IN G  TO THE S O IL

I t  w o u l d  be b e s t  to h a v e  a  s o i l  v i b r a t i o n  t r a n s d u c e r  
p a c k a g e  w h i c h  is h o m ogeneous  w i t h  th e  s o i l ,  t h u s  not  a f f e c t i n g  
t h e  s o i l ' s  m o t i o n .  T h i s  is a c h i e v a b l e  o n l y  b y  m a t c h i n g  the  
m e c h a n i c a l  p r o p e r t i e s  of the  t r a n s d u c e r  s y s te m  to the  s o i l ' s  
b u l k  m e c h a n i c a l  c h a r a c t e r i s t i c s . T a b l e  #1 show s  the  p e r t i n e n t  
m e c h a n i c a l  p r o p e r t i e s  of soi l  a n d  s e v e r a l  c a n d i d a t e  m a t e r i a l s  
f r o m  w h i c h  a  m o u n t  m i g h t  be  c o n s t r u c t e d .  M a t c h i n g  the  
soi l  b u l k  c h a r a c t e r i s t i c s  is n e a r l y  i m p o s s i b l e  s i n c e :

a )  most p o t e n t i a l  m o u n t i n g  m a t e r i a l s  a r e  much  
s t i f f e r  t h a n  the  soi l

b )  t h e  r a n g e  of S h e a r  m o d u l u s  of s o i l s  is 

a p p r o x i m a t e l y  one  d e c a d e .  A d i f f e r e n t  mount  
w o u l d  be n e c e s s a r y  f o r  e a c h  t y p e  of s o i l .

Note  t h a t  c l a y  in p a r t i c u l a r  h a s  a r a n g e  of  
p r o p e r t i e s  v a r y i n g  f ro m  s of t  mud to s of t  r o c k .  T e s t i n g  n o te d  
l a t e r  in t h i s  p a p e r  d e m o n s t r a t e s  t h i s  v a r i a b i l i t y  b y  s h o w i n g  
a  2:1  c h a n g e  in t r a n s d u c e r  m o u n t i n g  r e s o n a n t  f r e q u e n c y  
f r o m  h a r d  to soft  c l a y .

W o r k  p a r t i a l l y  c a r r i e d  o u t  w h i l e  in  t h e  e m p l o y  of V i b r o n  L i m i t e d
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T ABLE 1

B u l k  c h a r a c t e r i s t i c s of soi 1 a n d po ss i  b I e m o u n t m a t e r i  a I .

MATER 1AL SHEAR MODULUS (p:Bi) DENSITY ( l b 7 f t 3 )

CLAY & SAND 3, 000 -  20 ,000 100 -- 120

DENSE GRAVEL 15 ,000 -  40 ,0 0 0 120

STEEL 11 x  106 487

ALUMIN UM 3 .8 x  106 170

WOOD 0 .30 X 1 0 6 -  0 .5 5  x 106 40 -  60

PLASTER OF PARIS 0 .08 X 1 0 6 -  0 . 2 4  x 106 50 -  80

TABLE 2

L i k e l y  u s a b l e  F r e q u e n c y  r a n g e  o f  v a r i o u s  M o u n t i n g  M e th o d s  

in  so f t  s o i l s  ( a s s u m e s  w o r s t - c a s e  s o i l s  w h i c h  m i g h t  r e a s o n a b l y  

be t e s t e d )  ( a s s u m e s  p l a t e s  a n d  s t a k e s  a r e  o p t i m i z e d  in 

s i z e  to t r a n s d u c e r  mass,  a n d  c a r e f u l  s o i l  p r e p a r a t i o n  a n d  

i n s t a  11 a t  ion  )

V E R T IC A L  HORIZONTAL
Hz Hz

F LA T  L IG H T ,  S T I F F  
PLATE ON WELL
PREPARED SOIL  0 -  300 0 -  300

TRANSDUCER ALONE
BURIED IN SO IL  0 - 2 0  0 - 2 0

18"  STEEL STAKE DRIVEN
14" INTO SOIL  0 - 1 0 0  0 - 2 5

EMBEDDED 1'  CUBE
OF PLASTER OF PARIS  0 - 7 0  0 - 7 0
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Any p r a c t i c a l  m ou nt  is  l i k e l y  to be  m a d e  f rom 
a  s t i f f  m a t e r i a l  a n d  wi l l  a c t  a s  a  r i g i d  b o d y  a t  f r e q u e n c i e s  
b e l o w  i n t e r n a l  r e s o n a n c e .  The  m o u n t i n g  s y s t e m  wi l l  c o u p l e  
to t h e  d i s t r i b u t e d  m a s s  a n d  s t i f f n e s s  of t h e  soi l  r e s u l t i n g  
in a  6 d e g r e e  of f r e e d o m  s y s t e m  w i t h  6 p o t e n t i a l  r e s o n a n t  
m o t i o n s .  If t h e  d e v i c e  is  s y m m e t r i c a l  in t h e  h o r i z o n t a l  p l a n e ,  
two of t h e  r o c k i n g  modes  wi l l  be  i d e n t i c a l  a s  wi l l  b e  t h e  
two h o r i z o n t a l  m o d e s .  The  e f f e c t s  of t h e  t w i s t i n g  mode  a b o u t  
t h e  v e r t i c a l  a x i s ,  ( a l t h o u g h  t h e  mode  is  u n l i k e l y  to be  e x c i t e d )  
c a n  b e  m i n i m i z e d  by  m o u n t i n g  h o r i z o n t a l  t r a n s d u c e r s  on 
o r  n e a r  t h e  a x i s  of r o t a t i o n .  T h i s  l e a v e s  t h e  v e r t i c a l  mode,
2 i d e n t i c a l  h o r i z o n t a l  m odes  a n d  2 i d e n t i c a l  r o c k i n g  modes  
to b e  c o n s i d e r e d .

The  p r o b l e m s  h a v e  b e e n  a n a l y z e d  a n d  d e m o n s t r a t e d  
b y  M o r i t a  a n d  O m a t a  ( Ref .  1 & 2 ) .

F i g u r e  1A s h o w s  a n  e m b e d d e d  m o u n t i n g  s y s t e m  
a n d  i t ' s  s i m p l i f i e d  m e c h a n i c a l  model  ( Re f .  3 & 4 ) .  A p l a t e  
on top of t h e  soi l  wo u l d  b e  m o d e l l e d  s i m i l a r l y  b u t  w i t h o u t  
t h e  c o u p l e d  s t i f f n e s s  a n d  m a s s  a s s o c i a t e d  w i t h  t h e  e m b e d d e d  
si  d e s .

F i g u r e  IB s h o w s  a  d r i v e n  s t a k e  a n d  i t s  m o d el .  
Of p a r t i c u l a r  n o t e  h e r e  i s  t h e  l a r g e  moment  of i n e r t i a  in 
t h e  r o c k i n g  mode  a n d  t h e  a t t a c h m e n t  to t h e  soi l  b e l ow t h e  
c e n t r e  of g r a v i t y .  T h i s  r e s u l t s  in a n  e a s i l y  e x c i t e d  r o c k i n g  
m o d e .  On s e v e r a l  o c c a s i o n s  t h e  w r i t e r  h a s  o b s e r v e d  t h i s  
mode  to be  in t h e  30-60 Hz r a n g e .  T h i s  mode  m a k e s  h o r i z o n t a l  
m e a s u r e m e n t s  a b o v e  30 Hz q u e s t i o n a b l e  b y  t h i s  m e t h o d .

We h a v e  a t t e m p t e d  to d r a w  t o g e t h e r  t h e  e x p e r i e n c e s  
of  o t h e r  ( r e f .  1, 2, & 5 ) ,  o u r  own u n d o c u m e n t e d  e x p e r i e n c e s  
f ro m t h e  p a s t  p l u s  t h e  e x t r a p o l a t i o n ,  b a s e d  on r e f e r e n c e s
3 a n d  4,  of t e s t i n g  d o n e  f o r  t h i s  p a p e r .  F o r  t h e  s o f t e s t  
s o i l s  ( i e  l owes t  r e s o n a n c e )  o n e  is l i k e l y  to m e a s u r e ,  we 
h a v e  e s t i m a t e d  in T a b l e  2 t h e  r e l i a b l e  u p p e r  f r e q u e n c y  
l i m i t  f o r  e a c h  m o u n t i n g  s y s t e m .

3 . 0  SUMMARY OF CURRENT MOUNTING METHODS

T h e  p r e s e n t  m e t h o d s  of m o u n t i n g  v i b r a t i o n  t r a n s d u c e r s  
on soi I i n c l u d e :

1.  P l a c i n g  t h e  t r a n s d u c e r  p a c k a g e  l o os e l y  on t h e  g r o u n d .
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FIG. 1A MOUNTING BLOCK METHOD
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2.  B u r y i n g  t h e  p a c k a g e  in t h e  g r o u n d .

3 .  D r i v i n g  a  s t a k e  i n t o  t h e  g r o u n d  a n d  m o u n t i n g  t he  
t r a n s d u c e r ( s )  on t he  s t a k e .

4 .  P o u r i n g  a  P l a s t e r  of P a r i s  b a s e  a n d  m o u n t i n g  t h e  
t r a n s d u c e r ( s )  on t h e  p l a s t e r .

METHOD #1 -  p l a c i n g  t h e  t r a n s d u c e r  d i r e c t l y  on t h e  s o i l .

T h i s  c a n  wo r k  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :

a )  t h e  t r a n s d u c e r  s y s t e m  m u s t  h a v e  a  l a r g e  
c o n t a c t  a r e a  w i t h  t h e  so i l  in c o m p a r i s o n  
to i t s  m a s s  a n d  to t h e  h e i g h t  of i t s  c e n t r e  
of g r a v i t y .

b)  t h e  b a s e  a r e a  of t h e  t r a n s d u c e r  p a c k a g e  
m u s t  m a t e  wel l  w i t h  t h e  soi l  s u r f a c e  a n d  
t h e  soi l  m u s t  be  u n d i s t u r b e d  in t h e  c o n t a c t  
a r e a .

If t h e  g r o u n d  c a n  b e  p r o p e r l y  p r e p a r e d ,  t h i s  
f i r s t  m e t h o d  c a n  b e  m a d e  to w o r k ,  e s p e c i a l l y  if a  b a s e  
p l a t e  i s  a d d e d  to t he  t r a n s d u c e r  to i n c r e a s e  t h e  c o n t a c t  
a r e a .  H ow e v e r ,  t h e  d a t a  so c o l l e c t e d  r e m a i n s  in q u e s t i o n  
b e c a u s e  of t h e  d i f f i c u l t y  in e n s u r i n g  good c o n t a c t  b e t w e e n  
t h e  so i l  a n d  b a s e  p l a t e .  In a  p o o r  i n s t a l l a t i o n  t h e  v e r t i c a l  
r e s o n a n c e  ma y  f a l l  in t h e  30-60  Hz r a n g e ,  t h e  most  c r i t i c a l  
a r e a  f o r  most  soi l  v i b r a t i o n  p r o b l e m s .

METHOD # 2  -  to b u r y  t h e  d e v i c e  in t h e  g r o u n d  s e v e r a l  i n c h e s  
b e l o w  t h e  s u r f a c e .

C o n s i d e r i n g  t h e  a m o u n t  of soi l  d i s t u r b a n c e  t h i s  
m e t h o d  is of l i t t l e  a d v a n t a g e  o v e r  p l a c i n g  t he  d e v i c e  on 
t h e  s u r f a c e  a s  a b o v e .

METHOD # 3  -  d r i v i n g  a  s t a k e  i n t o  t h e  g r o u n d .

T h i s  i s  in e f f e c t  m o u n t i n g  t h e  t r a n s d u c e r  on 
r e l a x e d  t i p  p i l e .  It  is p e r h a p s  t h e  most  common m o u n t i n g  
m e t h o d  a t  p r e s e n t .  For  a n  18" d e e p  s t a k e  w e i g h i n g  f i v e  
p o u n d s ,  we c a n  e x p e c t  a  r e l a t i v e l y  u n d e r d a m p e d  v e r t i c a l  
r e s o n a n c e  b e t w e e n  100 a n d  250 Hz d e p e n d e n t  u p o n  soi l  t y p e .  
T h i s  w o u l d  b e  a d e q u a t e  f o r  m a n y  t y p e s  of wo r k  p r o v i d e d
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t h a t  the  n o i s e  in t h e  s econ d  o c t a v e  b a n d  g e n e r a t e d  b y  th e  
v i b r a t i o n  in t h a t  f r e q u e n c y  r a n g e  w a s  not  c o n s i d e r e d  to 
be a p r o b l e m .  T h e  s t a k e  h a s  h o r i z o n t a l  r e s o n a n c e s  t h a t  

e x p e r i e n c e  h a s  sh o w n  to be as  low as  30 H z .

METHOD # 4  -  u s i n g  P l a s t e r  of P a r i s ,  to a d d  a  b a s e  to a  
t r a n s d u c e r .

U n l i k e  M e t h o d  # 1 ,  t h e  P l a s t e r  of  P a r i s  b a s e  
g u a r a n t e e s  good c o n t a c t  w i t h  the  so i l  p r o v i d e d  t h e  soi l  
is  r e l a t i v e l y  ro o t  f r e e  a n d  u n d i s t u r b e d .

T h e  b a s e  lo w e r s  the  c e n t r e  of  g r a v i t y ,  s t i f f e n s  
th e  r o c k i n g ,  h o r i z o n t a l  a n d  v e r t i c a l  modes w h i l e  b e i n g  of  
low d e n s i t y .  T h u s  a l l  r e s o n a n t  f r e q u e n c i e s  w i l l  be  r a i s e d  
a n d  b o th  v e r t i c a l  a n d  h o r i z o n t a l  m o n i t o r i n g  c a n  be  c a r r i e d  
o u t  up to 300  Hz i f  the  b a s e  a r e a  is t a i l o r e d  to th e  t o t a l  
t r a n s d u c e r  m a s s .  T h e  t h i c k n e s s  ( o r  d e p t h )  o f  th e  p l a s t e r  
s h o u l d  be  o n l y  t h a t  r e q u i r e d  to p r o v i d e  s u f f i c i e n t  i n t e r n a l  

s t i f f n e s s  of  the  m o u n t i n g  p a d  s i n c e  i n c r e a s i n g  d e p t h  u s u a l l y  
i n c r e a s e s  mass f a s t e r  t h a n  i t  i n c r e a s e s  the
soi l  s t i f f n e s s  c o u p l e d  to th e  m o u n t .  As a r u l e ,  the  t h i c k e r  
t h e  p l a t e  ?t h e  l o w e r  the  m o u n t i n g  r e s o n a n c e s .  T h e  m a i n  d r a w b a c k  
to t h i s  m e th o d  is i ts  a w k w a r d n e s s  a n d  t h e  t im e  i n v o l v e d  
in p r e p a r a t i o n .  I t  h as  a l s o  bee n  f o u n d  w a n t i n g  in d a m p  
o r  c o l d  so i l  c o n d i t i o n s  w h e r e  th e  e x t r a  m o i s t u r e  c a n  i n t e r f e r e  
w i t h  the p l a s t e r  h a r d e n i n g  p r o c e s s .

4 . 0  D E V E L O P M E N T  OF A NEW MOUNT

A m o u n t i n g  s y s te m  s h o u l d  meet  t h e  f o l l o w i n g
c r i  t e r i  a  :

1 .  To be  a n  i m p r o v e m e n t  o v e r  a  p l a t e  o f  P l a s t e r  of  P a r i s  
i t  s h o u l d  be  c l e a n .

2 .  To  k e e p  t h e  m o u n t i n g  s y s te m  s m a l l ,  t h e  t r a n s d u c e r ( s )  
s h o u l d  h a v e  low m a s s .  S h o u l d  th e  s y s te m  be too l a r g e ,  

i t  w i l l  become a  s i g n i f i c a n t  f r a c t i o n  of  a  w a v e  l e n g t h  
in soft  s a n d y  soi l  ( v e l o c i t y  3 0 0 - 5 0 0  f t / s e c ,  ^  = 3 ' -  5 '  a t  
100 Hz )  a t  the  u p p e r  p o r t i o n  of the  d e s i r e d  f r e q u e n c y  
r a n g e .  T h e  s i z e  s h o u l d  n o r m a l l y  be  k e p t  less  t h a n  
0 . 1 5  of  t h e  w a v e  l e n g t h  a t  the  h i g h e s t  f r e q u e n c y  of  
i n t e r e s t .

3 .  To  p r e v e n t  r o c k i n g ,  t h e  c e n t r e  of g r a v i t y  of the  t r a n s d u c e r /
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m o un t  s y s t e m  s h o u l d  b e  n e a r  t h e  c e n t r e  of t he  h o r i z o n t a l  
s u p p o r t .

4 .  T h e  s y s t e m  s h o u l d  h a v e  a  b a s e  w i t h  a  r e l a t i v e l y  l a r g e  
a r e a  in p r o p o r t i o n  to t h e  m a s s  if r e s o n a n c e s  a r e  to 
b e  k e p t  a b o v e  200 Hz, t h e  n o r m a l  u p p e r  l imi t  of most  
s o i l  v i b r a t i o n  m e a s u r e m e n t s .

5 .  M o u n t i n g  h a r d w a r e  s h o u l d  not  h a v e  i n t e r n a l  r e s o n a n c e s  
w h i c h  a r e  in t h e  f r e q u e n c y  r a n g e  of i n t e r e s t .

6 .  T h e  c o u p l i n g  to u n d i s t u r b e d  soi l  s h o u l d  be  g u a r a n t e e d .

7.  T h e  s y s t e m  s h o u l d  meet  t h e  p r o p o s e d  c r i t e r i a  of v i b r a t i o n  
m e a s u r e m e n t  f o r  ISO/TC 108/SC 2 P r o p o s a l  4866.

T a k i n g  t h e  a b o v e  in t u r n ,  t h e  s y s t e m  s h o u l d  
b e  a n  a l l  m e c h a n i c a l  one  w i t h o u t  c h e m i c a l s  a n d  t h u s  r e l a t i v e l y  
c l e a n .  G e n e r a l  p u r p o s e  20 g r a m  a c c e l e r o m e t e r s  a r e  l i k e l y  
to b e  t h e  b e s t  c h o i c e  a s  t r a n s d u c e r s  b e c a u s e  of t h e i r  l i g h t  
w e i g h t ,  s e n s i t i v i t y  down  to l e v e l s  b e l ow h u m a n  p e r c e p t i o n ,  
a n d  e a s e  of m o u n t i n g .  Where  100-200 Hz m e a s u r e m e n t s  a r e  
r e q u i r e d ,  t h e  a c c e l e r o m e t e r s  a r e  i n h e r e n t l y  more  s e n s i t i v e  
t h a n  v e l o c i t y  t y p e  t r a n s d u c e r s .  The  c e n t r e  of g r a v i t y  wi l l  
s t a y  low p r o v i d e d  t h e  t r a n s d u c e r  is  m o u n t e d  i m m e d i a t e l y  
on a  b a s e  a n d  i s  s ma l l  c o m p a r e d  to t h e  b a s e .  T h e  b a s e  
s h o u l d  b e  of a  low d e n s i t y  m a t e r i a l  to k e e p  t he  r e s o n a n t  
f r e q u e n c y  of t h e  s y s t e m  h i g h .  It s h o u l d  a l s o  be  v e r y  s t i f f  
a n d  wel l  d a m p e d  to c o n t r o l  i n t e r n a l  r e s o n a n c e s .

The  p r o b l e m  of g u a r a n t e e d  c o u p l i n g  to t h e  soi l  
m u s t  b e  a d d r e s s e d .  The  b a s e  c o u l d  b e  m a d e  l a r g e r ,  b u t  
i t  b e c o m e s  d i f f i c u l t  to p r e p a r e  a  l a r g e  a r e a  of f l a t  soi l  
s u r f a c e  on w h i c h  to mount  t h e  d e v i c e .  F o r  i n t i m a t e  c o n t a c t ,  
we c a n  b o r r o w  t h e  i d e a  of t h e  s t a k e ,  p l a c i n g  t h i n  p i l e s  
a l o n g  t h e  e d g e s  of t h e  b a s e .  The  p i l e s  s h o u l d  b e  t h i n  e n o u g h  
to a l l o w  them to b e  i n s e r t e d  i ln  t h e  so i l  w i t h o u t  d i s t u r b i n g  
t h e  s u r f a c e .  To i m p r o v e  t h e  c o u p l i n g  f u r t h e r ,  a  s e c o n d  
s e t  of  t h i n n e r ,  s h o r t e r  p i l e s  m ay  b e  a d d e d  i n s i d e  t h e  f i r s t  
s e t .  The  p i l e s  g u a r a n t e e  c o n t a c t  w i t h  t h e  u n d i s t u r b e d  s o i l .
To meet  t h e  ISO/TC 108/  SC2 P r o p o s a l  4866,  t h e  s y s t e m  
s h o u l d  meet  t h e  f o l l o w i n g  f o r m u l a :

— ,  <  2  ( 1 ) 
/ R o

w h e r e  Mo i s  t h e  d e t e c t o r  s y s t e m s  m a s s
i s  t h e  m a s s  d e n s i t y  of t h e  so i l  

Ro is  t h e  e f f e c t i v e  r a d i u s  of c o n t a c t  w i t h  t h e  so i l
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A m o u n t i n g  s y s t e m was  d e s i g n e d ,  a n d  is shown 
in F i g u r e  2.  P lywood was  u s ed  for  the  b a s e  p l a t e ,  3" s p i r a l  
n a i l s  f or  the  long p i l e s ,  a n d  2" n a i l s  f or  the  s h o r t  p i l e s .  
If m a g n e t i c  m o u n t i n g  is to be u s e d ,  a  t h i n  s h e e t  of s tee l  
c a n  be g l u e d  to the  u p p e r  s i d e  of th e  p l a t e .  B e c a u s e  of 
t h e  low ma s s  of the  t r a n s d u c e r ,  t h e  p l a t e  need  o n l y  be 
3^" x 3^" x . For  t h i s  s ys t em wi th  a 20 g r a m  a c c e l e r o m e t e r  
t he  ISO F o r m u l a  ( e q u a t i o n  ( 1 ) )  a b o v e  y i e l d s  th e  v a l u e  0 . 7 ,  
well  w i t h i n  the  c r i t e r i o n  of <C 2. The l a b o u r  i n v o l v e d  in 
m a k i n g  the  m o u n t i n g  p a d  is no more t h a n  t h a t  n e e de d  to 
p r e p a r e  a s i n g l e  P l a s t e r  of P a r i s  m e a s u r e m e n t  p o i n t .  However ,  
the  m e c h a n i c a l  mount  is r e u s a b l e .  The en d  r e s u l t ,  c l e a r l y ,  
is e x c e e d i n g l y  s i m p l e .

5 . 0  TESTING

To d e s i g n  a n d  b u i l d  a  s y s t e m t u r n e d  out  to 
be  r a t h e r  s i m p l e .  In f a c t ,  h a d  one  a s k e d  a  b r i g h t  c i v i l  
e n g i n e e r  how to d e s i g n  a h i g h  f r e q u e n c y  f o u n d a t i o n ,  he 
would  g i v e  th e  s o l u t i o n  of a c a p p e d  p i l e  g r o u p i n g  in s h o r t  
o r d e r .

T e s t i n g  the  s ys t em is a n o t h e r  m a t t e r .  As a c o u s t i c i a n s ,  
we t end  to t es t  s y s t e m s  by c o m p a r i n g  them wi th  o l d e r  ones  
t h a t  we h a v e  u s e d  in the  p a s t .  Th u s  new e q u i p m e n t  is c o m p a r e d  
to o l d e r ,  of ten  less  a c c u r a t e  m e th o ds .  In t h i s  c a s e  we c ou l d  
t r y  e a c h  of the  m ou n t i ng  me thods ,  c o m p a r i n g  them to e a c h  
o t h e r .  If t h e r e  a r e  d i f f e r e n c e s  we t he n  h a v e  to d e t e r m i n e  
which  s y s t e m is c o r r e c t .  G e n e r a l l y ,  it is d i f f i c u l t  to r e l i a b l y  
e x c i t e  the  g r o u n d  a t  f r e q u e n c i e s  a b o v e  60 Hz a n d  below 
20 Hz. Th u s  t e s t i n g  a m e a s u r e m e n t  s y s t e m ' s  r e s p o n s e  by
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c o m p a r i n g  i t  t o  o t h e r  s y s t e m s  i s  d i f f i c u l t  i n  c o n t r o l l e d  c o n d i t i o n s .  

T o  d a t e  w e  h a v e  l i m i t e d  o u r  t e s t i n g  t o  v e r t i c a l  m e a s u r e m e n t s .

We c h o s e  t o  f i n d  t h e  m o u n t ' s  c h a r a c t e r i s t i c s  

b y  d r i v i n g  t h e  m o u n t  r a t h e r  t h a n  t h e  s o i l .  T h e  m o u n t  w a s  

d r i v e n  b y  a  m o v i n g  c o i l  t r a n s d u c e r  d e r i v e d  f r o m  a  s p e a k e r .  

F i g u r e  3 s h o w s  a  s c h e m a t i c  o f  t h e  t e s t  s e t  u p .  T h r e e  t y p e s  

o f  s o i l  w e r e  u s e d ;  a  w e l l  c o m p a c t e d  c l a y  s o i l  u n d i s t u r b e d  

f o r  15 t o  20  y e a r s ,  a  v e r y  s o f t  c l a y  s o i l  h e a v i l y  d i s t u r b e d

s e v e r a l  w e e k s  b e f o r e  t h e  t e s t  a n d  a  c l a y  s o i l  u n d e r  a t y p i c a l  

s u b u r b a n  l a w n .  T h e  t h r e e  s o i l s  r e p r e s e n t  a  l a r g e  r a n g e  

o f  s o i l  t y p e s  a s  f a r  a s  s h e a r  m o d u l u s  a n d  d e n s i t y  a r e  c o n c e r n e d ,  

F i g u r e  4 s h o w s  t h e  r e s u l t s  o f  t e s t i n g .  T h e  t r a n s d u c e r  m o u n t i n g  

v e r t i c a l  r e s o n a n c e  a p p e a r s  a t  a b o u t  6 0 0  Hz  f o r  t h e  v e r y  

s o f t  s o i l  ( l o w  s o i l  s t i f f n e s s )  a n d  1 00 0  t o  1 20 0  Hz  f o r  t h e  

h a r d e r  s o i l s .  T h e  d r i v e r  r e s o n a n c e  s h o w n  t o  t h e  l e f t  o f  

t h e  g r a p h  i s  t h e  r e s u l t  o f  t h e  t e s t  m o u n t  s t i f f n e s s  b e i n g  

c o n n e c t e d  t o  t h e  d r i v e r  m a s s  v i a  t h e  d r i v e r  c o i l ' s  e l e c t r o 

m e c h a n i c a l  c o u p l i n g .  T h i s  c o u p l i n g  c o u l d  b e  v i r t u a l l y  e l i m i n a t e d  

i f  t h e  d r i v e r  a m p l i f i e r  w e r e  a  c o n s t a n t  c u r r e n t  r a t h e r  t h a n  

a  c o n s t a n t  v o l t a g e  d e v i c e .

T h e  r e a s o n  f o r  a  l a r g e  s h i f t  i n  d r i v e r  r e s o n a n t  

f r e q u e n c y  f r o m  a p p r o x i m a t e l y  4 5  Hz t o  a p p r o x i m a t e l y  2 5  Hz w a s  a 

c h a n g e  i n  t h e  d r i v e r  u s e d .  T h e  t w o  d r i v e r s  h a d  d i f f e r e n t  
c o u p l i n g  c o e f f i c i e n t s .

C a l c u l a t i o n s  b a s e d  o n  f o u n d a t i o n  d e s i g n  m e t h o d s  

i n d i c a t e d  t h a t  a  v e r t i c a l  r e s o n a n c e  c o u l d  b e  e x p e c t e d  n e a r  

1 2 0 0  H z  i n  h a r d  s o i l .  T h e y  a l s o  i n d i c a t e  h o r i z o n t a l  r e s o n a n c e  

a t  1 000  H z  a n d  r o c k i n g  r e s o n a n c e  a t  2 0 0 0  H z .  T h e  c o r r e s p o n d e n c e  

o f  t h e  f i e l d  d a t a  t o  c a l c u l a t i o n s  o f  t h e  v e r t i c a l  c h a r a c t e r  i s t i c s  

g i v e s  c o n f i d e n c e  i n  t h e  c a l c u l a t i o n  m e t h o d s .  We a r e  t h e r e f o r e  

r e a s o n a b l y  a s s u r e d  t h a t  t h e  m o u n t  i s  a d e q u a t e  f o r  h o r i z o n t a l  

a s  w e l l  a s  v e r t i c a l  s o i l  v i b r a t i o n  m e a s u r e m e n t s  b e l o w  
5 0 0  H z .

6 . 0  T E S T S  FOR O T H E R  M O U N T I N G  M E T H O D S

F o r  c o m p a r i s o n ,  t e s t s  w e r e  c a r r i e d  o u t  o n  a 

1 8 "  s t a k e  a n d  a  1 ' x  1 1 x  9 "  d e e p  b l o c k  o f  P l a s t e r  o f  P a r i s  

i n  a  s t i f f  c l a y  s o i l ,  ( S e e  F i g u r e  5 ) .  T h e  s t i f f  s o i l  u s e d  

r e s u l t e d  i n  h i g h e r  n a t u r a l  f r e q u e n c i e s  t h a n  w i l l  n o r m a l l y  

b e  e n c o u n t e r e d .  T h e  r e s u l t s  a r e  s h o w n  i n  F i g u r e  6 .  T h e  

b l o c k ' s  a n d  s t a k e ' s  c h a r a c t e r i s t  i c s  i n d i c a t e  a  r e l a t i v e l y  

l o w  r e s o n a n t  f r e q u e n c y .  T h e  P l a s t e r  o f  P a r i s  s y s t e m  w o u l d  

b e  u s e f u l  a t  h i g h e r  f r e q u e n c i e s  i f  i t  i s  m a d e  a s  a  t h i n  
p I  a t e .

7 . 0  F I E L D  A P P L I C A T I O N

A  f e w  n o t e s  o n  t h e  u s e  o f  t h e  m o u n t  m i g h t  b e  

h e l p f u l .  We r e c o m m e n d  t h a t  a n y  d i s t u r b e d  s o i l  o r  s o i l  f i l l e d  

w i t h  g r a s s  r o o t s  b e  r e m o v e d  c a r e f u l l y .  T h e  m o u n t  s h o u l d  

s i t  o n  f l a t  u n d i s t u r b e d  s o i l .  O c c a s i o n a l l y  s o i l  i s  f o u n d

w i t h  h a r d  c r u s t  o n  t h e  s u r f a c e .  T h i s  c r u s t  c a n  a c t  s o m e w h a t  

i n d e p e n d e n t l y  o f  t h e  s o i l  b e n e a t h .  I n  t h e  e x t r e m e  c a s e s ,  

t h e  s o i l  c a n  b e  m a d e  u p  o f  s e v e r a l  l a y e r s  a l l  a c t i n g  s o m e w h a t  

i n d e p e n d e n t  I y  .
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DISPLACEMENT VS FREQ. FOR 3 "  x  3" PAD MOUNT

H a r d  P a c k e d  C l a y  (G } 10000 p s i )
V e r y  So f t  D i s t u r b e d  C l a y  L o a m  (G/CSOOO p s i )  
T y p i c a l  C l a y  Loam  M i x  (G = 4000 -  8000 p s i )

N o te :  A l l  c u r v e s  s h i f t e d  v e r t i c a l l y  to an  a r b i t r a r y  OdB 
r e f e r e n c e  to a l l o w  c o m p a r i s o n  o f  c u r v e  s h a p e s .

F i g .  4 VERT ICLE

F i g .  6 COMPARISON OF TRANSDUCER MOUNTING SYSTEMS

1 ' x  1 ' x  9 "  P l a s t e r  B lo c k  
>18" S t e e l  Rod 1** D i a m e t e r  
3"  x  3"  P a d  M o u n t

N o te :  A l l  c u r v e s  s h i f t e d  v e r t i c a l l y  to an  a r b i t r a r y  OdB 
r e f e r e n c e  to a l l o w  c o m p a r i s o n  o f  c u r v e  s h a p e s .
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I n c a r r y i n g  o u t  m e a s u r e m e n t s ,  it  i s  n e c e s s a r y  
to d e t e r m i n e  w h i c h  l a y e r  s h o u l d  be  m o n i t o r e d .  The  t r a n s d u c e r  
m o u n t  s h o u l d  t h e n  b e  e m b e d d e d  in t h a t  l a y e r .

To a c h i e v e  h i g h e s t  h o r i z o n t a l  a n d  r o c k i n g  f r e q u e n c i e s ,  
t h e  m oun t  s h o u l d  be  p u s h e d  ( p r e f e r a b l y  no t  h a m m e r e d )  s t r a i g h t  
d own  i n t o  t h e  soi  I . T h i s  wi l l  m i n i m i z e  t h e  d i s t u r b a n c e  of 
t h e  so i l  in t h e  a r e a  a t  t h e  t op of t h e  s p i k e s ,

8 . 0  CONCLUSION

A s i m p l e ,  r e l i a b l e  me t hod  of m o u n t i n g  g e n e r a l  
p u r p o s e  a c c e l e r o m e t e r s  on soi l  h a s  b e e n  d e m o n s t r a t e d .  I t s  
c h a r a c t e r i s t i c s  a r e  s u c h  t h a t  f o r  f r e q u e n c i e s  a n d  v i b r a t i o n  
l e v e l s  of i m p o r t a n c e  to a c o u s t i c i a n s  a n d  v i b r a t i o n  e n g i n e e r s ,  
t h e  d e v i c e  g i v e s  a  p r o p e r  c o u p l i n g  of  t h e  t r a n s d u c e r  to 
t h e  so i l  i m m e d i a t e l y  u n d e r  i t .
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Vo l umes  10 & 3 (May -  j u n e ,  1978)

(Continued from page 39)

The session was closed by Dr. 
E .A . G . Shaw (Acoustics, Division 
of Physics, N R C , Ottawa, Ontario, 
K1A 0R6), who spoke on "THE 
ACOUSTICAL PERFORMANCE OF HEARING 
PROTECTORS". In this paper the 
theoretical background of how a 
hearing protector works was 
presented. The author showed 
equivalent circuits of both muffs 
and plugs. Then he explained how 
their different mechanical
characteristics can influence 
their final performance, which can 
never be better than the 
theoretical limit set by the bone

conduction. He discussed some 
practical aspects such as the 
attenuation reduction due to the 
wearing of safety glasses. Finally 
future trends in new protectors 
such as using electronic negative 
feedback to reduce the noise were 
descr ibed.

In summary, thanks to the 
excellent papers presented, the 
session was lively, interesting, 
stimulating, and of practical 
benefit to the audience.

A. Behar
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S U S T A I N I N G  S U B S C R I B E R S / A B O N N E S  DE SOUTIEN
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r e c o n n a i s s a n c e  à l ' é g a r d  d e  s e s  A b o n n é s  d e  S o u t i e n  en  p u b l i a n t  c i - d e s s o u s  
l e u r  nom e t  l e u r  a d r e s s e .  En a m o r t i s s a n t  l e s  c o û t s  d e  p u b l i c a t i o n  e t  d e  
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j o u r n a l  g r a t i s .  P o u r  d e v e n i r  u n  A b o n n ?  d e  S o u t i e n ,  f a i t e s  p a r v e n i r  v o s  
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d e  l ' A c o u s t i q u e )  au  m e m b r e  d e  l a  R é d a c t i o n  e n  c h a r g e  d e  l a  p u b l i c i t é .

JOHN R.  BAI N AS S OCI AT E S  LTD.
CONSULTANTS IN ACOUS TI CS  
MI S S I S S A U G A ,  ONTARI O L4X 2C7 
TELEPHONE:  ( 4 1 6 )  6 2 5 - 4 7 7 3

BARMAN COULTER SWALLOW AS S OCI AT E S  
ENGI NEERS IN ACOUS T I CS  AND VI BRATI ON 
1 GREENSBORO DRI VE 
REXDALE,  ONT A RI O,  M9W 1C8 
TELEPHONE:  ( 4 1 6 )  2 4 5 - 7 5 0 1

BARRON & AS S O C I A T E S  
CONSULTI NG ACOUSTI CAL ENGI NEERS 
N O I S E ,  V I B R A T I O N ,  AUDI O/ VI DE O 
VANCOUVER:  ( 6 0 4 )  8 7 2 - 2 5 0 8  
EDMONTON:  ( 4 0 3 )  4 5 3 - 6 9 9 1

H . L .  BLACHFORD L I MI T E D 
NOI SE CONTROL PRODUCTS 
ENGI NEERI NG/ MANUF ACTURI NG 
M I S S I S S A U G A :  ( 4 1 6 )  8 2 3 - 3 2 0 0  
MONTREAL:  ( 5 1 4 )  8 6 6 - 9 7 7 5  
VANCOUVER:  ( 6 0 4 )  9 2 6 - 4 5 1 3

WI LLI AM BRADLEY & AS S OCI AT E S  
CONSULTI NG ACOUSTI CAL ENGI NEERS 
I NGE NI E URS  CONS E I L S  EN ACOUSTI QUE 
MONTREAL,  QUEBEC 
TELEPHONE:  ( 5 1 4 )  7 3 5 - 3 8 4 6

ECKEL I N D U S T R I E S  OF CANADA L I MI T E D 
NOI SE CONTROL PRODUCTS 
AUDI OMETRI C ROOMS -  ANECHOI C CHAMBERS 
MORRI SBURG,  ONTARI O,  KOC 1X0 
TELEPHONE:  ( 6 1 3 )  5 4 3 - 2 9 6 7  TELEX:  0 5 8 1 1 5 5 0


