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EQITORIAL—

Last November the Council agreed that the time had
come for our_publication to have a new name and a
new image. The implication in the old titlo that we
were producing a “house” journal has been left behind
ana. hopefully advertisers' and potential subscribers
will see the publication as a comprehensive review of
acoustical activity both in Australia and elsewhere.
Although the appearance has changed somewhat the
internal structure retains its familiar form.

thanks go to Leeway Graphic Design for pro-
ducing the new cover design and for making a number
of suggestions to improve the interior layout. We would
welcome your reaction to the new look. The colours
used on the cover are not sacrosanct and will prob-
ably be changed from time to time.

The transition towards special issues on the maior
areas of acoustics has had a dramatic effect on the
rate of acquisition of articles. Thanks largely to me
energetic acti erge planned si
fssu on_ Environmental Acoustics has- aiready flled
two issues with one further article by Renzo Tonin still
1o come in the August issue. At the moment we are
planning for each alternate issue to be on a special
topic. Future special issues will include Computers in
Acoustics, Musical Acoustics, Community Noiss, Vibra-
tion, and so on into 's.

Ghe of he Joaturcs of the ofd Bulletin over the years
was the steady stream of short reports on current
activities of members which have supplemented and
balanced the longer articles. We are keen to continue
this _tradition and would invite members o sen
unsolicited (yes, we have had a fow) short reports,

of 2-3 pages double-spaced typing
poRsibly with 1.3 phbiapraphe of lustretons, of briet

technical notes, length about 1 page of typed mate
The short reports are usually written around an indi-
vidual's Gurrent work or are & summary of tho actvilies
of a group or department. Technical notes describe a
single idea or procedure that the originator probably
thinks is obvious but in fact is just what the world is
wailing for. So, please dust the cobwebs off the old
word-processor and let us share your wisdom and

experience.
in this issue, apart from the special articles, we have
est. As far as

original notes from Australian authors but that depends
on the supply. We have placed Future Events at the
back of the issue to make reference easier.

Other “regular” sections, such as Standards and
Publications by Australians, will appear whenever
spzce parmits.

is with considerable pleasure that we announce
that Marion Burgess hat S0epiq the now peskion of
Associate Editor. The amount of editorial work has
been steadily expanding as we widen

greater efficiency and a
two editors available to lean on correspondents and
advertisers to submit their material on time. This pub-
lication has acquired a reputation for coming out on
time and we hope to capitalise on this by encouraging
more small advertisements for positions vacant, per-
sonal notices, etc, To this end there is a new adverts-
ing rate of $4 per cm for such notice:

Howard Pollard
Chief Editor

ABSORPTION —

DECIBAR AF  — plain acoustic foam

DECIBAR VAF — perforated vinyl faced
acousfic foam

DECIBAR MAF — metallized polyester faced
acoustic foam

DECIBAR FAF

— tough PU film faced
acoustic foam
DECIBAR TAF

— textile faced acoustic foam
Suppliers o Major OEM's & to industry

Ine

NOISE

A comp/efe range of noise com‘rol materials:

INDUSTRIAL

CONTROL
pty. limited

Designers, manufacturers and suppliers of noise control products and materials.

BARRIER —

DECIBAR LV — loaded vinyl

DECIBAR LVF loaded vinylffoam
composite barrier &
absorber

DECIBAR LVM — ioaded vinyl matting

DAMPING —

DECIBAR DC  — vibration damping
compound
DECIBAR DS — vibration damping sheet

7 Levanswell Road,
Moorabbin, Vic.
Australia 3189.

h: (03) 555 9455
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AUSTRALIAN NEWS —

A

D in Marine A

AAS International Conference

The conference was held at the University of New
South Wales, 4-6 December 1984. Forty-four invited
and con(nbuled papers were presented in the follow-
ing fiel

*Sea floor acoustic properties; Propagation in
deep water; Propagation in shallow water;
Noise; Scattering; and Signal processing.

Invited papers included:

E. L Hamilton — “Acoustic and related proper-
ties of the Sea Floor”.

M. A, Pedersen, D. F. Gordon and D. Edwards —

“Coupling Charactenslvcs between two under-
water acoustrc ducts”.
. “A Bnef Review of Fishers
Acuusllcs - (l) Acoustic assessment of fish
stocks — (II) Acous(m telemetry for study of
i haviour”.

Sixty-five scientists from Australia, Canada, Italy,
New Zealand, South Africa and the U.S. attended the
conference. Copies of the Proceedings (233 pages)
are available from The Secretary, Australian Acoustical
Society, c/- Science Centre, 35 Clarence Street, Sydney
N.S.W. 2000.

S.A. Division

After a number of years in the S.A. Division Com-
mittee, Bob Williamson has stepped down as he has
commenced course work in
Noise Control, using remote suj
technique, from Heriot-Watt Unlvelsl(y m Edinburgh.
Later this year, Bob will take study leave to go to
Edinburgh where he will complete his thesis on The
Influence of Lateral Reflections on the Perception of
Sound in Auditoria.

The new office-! bearers of the S.A. Division are:
Chairman, Bies; Division Secretary, Adr\an
Jones; Divn. Tressursr/ﬂsg\s(rsr Ken Martin;
Minute Secretary, Max Lane; Acoustics Australia

Peter  Swift;

vity) Peter Swift, David Bies,
Adrian Jones. (Membership and Membership
Drive] As above.

The year finished with two technical mestings. In
each case the guest speaker was a past student of the
Mechanical Engincering Department of the. University
of Adela

On 15th November 1984 Dr. Michael Norton spoke
on i recent work in the reducion of pips radiated
noise using a newly developed dynamic damper
its potential application to the North West Shelf po-
ject. Dr. Norton's visit was sponsored by Bradiord
Insulation who were promoting their newly-released
Acoustic Data Book.

The 13th December meeting was in the form of a
seminar in conjunction with the Mechanical Engineer-
ing Department where Dr. Chris Fuller spoke on his
work at NASA Langley Research Centre. Dr. Fuller is
investigating propeller noise transmission Icss of an
aircraft fuselage in line with developing propaliar
technology. The new breed of propellers have poten-
tially high fuel savings but are evidently very noisy.
His work so far has been concerned with modelling
the appropriate forcing function to apply to the fuse-
lage.

—Peter Swift
Vol. 13 No. 1 — 4

News from Sydney
University

While some members of the department have been
spending numerous days at conferences, | have spent

f time getting to and from one conference. The
an Acoustical Society held its annual confer-
Perth, WA, last year. Ted Weslon and | flew
there in Ted's 21/2 seat, 100 kno, Grumman Tiger.
Tho cight days of flying were notable for Ted's Skil
as a pilot and my total lack of such skills.

The trip also gave some useful anecdotal evidence
of the validity of “arousal” theory. Whilst driving the
aircraft, | found it all too easy to nod off to sleep during
some of the longer, calmer stretches. One way | found
of overcoming the drowsiness was to remove my
hearing protection. Another way was to turn on the
airconditioning, i.e. fly at 3000m. instead of 1000m.

The turbulence over the Nullabor was also good
for removing drowsiness, anything in the stomach, us
from our seats and, nearly, the Tiger from the sky.
The visual stimulation of the Flinders and Mt. Lofty
Ranges, the coast around the Eyre Peninsular and the
cliffs around the edge of the Bight also had an effect
as did the odd bollocksing from air traffic control.

We returned to massive flooding in Sydney and a
flood of activity by a number of postgraduate and
undergraduate students undertaking acoustics pro-
jects. Vincentius Susilo has finished his thesis for a

Blg.Sc. and will be returning to his university in
Indonesia shortly. His thesis was on the transmission
of sound from one room to another and from one
building to another through open windows. The work
provides some important data for designers and some

i i for i

Clift Free is, | think . entually . . ., ready (well,
almost reacly) to submit i thesis on “Measorement
of Sound Absorption Coefficients In-Situ”, for his
M.BIg.Sc. Other postgraduates who may yet pip Cliff
at the finishing post are Paul Uno (Measurement of
Sound Transmission Through Facades), Urszula Mizia
(Diffusion in Rooms) and Steve Cooper (The Acoustics
of Non-Diffuse Spaces).

In_their Advanced Study Report, Brad Sharpe a
Debbls Drennan have shown that of ihe 30-or <5 halls
in the Willoughby Municipality almost none are suit-
able, acoustically, for the ‘Purposes for which they are
used. The saving thing about most o them is that
they are rarely used at il Mathew Pa struggled;*
against many odds, (mainly the unavavlahvllly of a
promised computer program) to compare the acoustic
data obtained from a physical model and a computer
model. In the end Mathew withdrew from his Advanced
Study Report and went to work for Renzo Tonin as
an_acoustical consultant lnstead He still hopes to
complete the work at a later dat

Finally, Andrew Mldvy has ]omed the department.
He has enrolled for a PI has been awarded the
SPCC_scholarship. He Joins Roger Treagus in the
study of atmospheric sound propagation. Andrew com-
pleted his B.Sc. (Hons.) degree last year in the Physics
Department at Sydney University, obtaining First Class
Honours. Andrew is also an accomplished pianist.

—Fergus Fricke

(Continued on page 5)
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Australian News (Continued)

Hearing Conservation Education in
Schools

The Hearing Conservation Education in Schools

Division is currently being processed by the New
South Wales Corporate Affairs Commission. If the
registration is in_order, Y Secretary will
proceed to arrange for the provision of the registered
office of the Queensland Division with Deloitte,
Haskins and Sells' Brisbane office.

—Russell Brown

Project was sstablishea by Deatness Foundation

i arly 1962 Gratefully acknowlsdged is . .

the signlicant grant fram the Lion Ci Noise C S
Association In”support of the_ project. Under the  Toowoomba

Chairmanship of Dr. Ron Barden, the H.C.ES. Steer-
ing Gommites has met rsguiarly to oversee and
direct this most important project

The first task was to survey. exvst!ng school hearing
conservation programmes in the light of the Hearing
Conservation (Health) Act of 1979 regarding industry
regulations. Survey results showed an urgent need
for workshop safety material in technical schools and
TAF.E. colleges, while in secondary schools a need
was_identified for material related to social studies,
health and human relations and environmental science
courses.

Consequently the Steering Committee of the
H.CES. Project adopted the survey's major recom-
mendations to produce three audio visual education

Arrangements are now well in hand for the Com-
munity Noise Conference in Toowoomba, 1-3 October,
1

The overall theme of the conference which is being
co-sponsorex e Queensland Division of Noise
Aatmont and the Aest-ilian Acosetieal Society, s the
achievement of community quietness through effective
noise management. Four issues basic to this con-
sideration ars

lanning
® education
© legislation
© administration.

Wiin his tramework, 2 wide variety of issues wil

including ise man-

e directed to workshop
safety programmes, a second directed to general
secondary school programmes, and a third directed to
supplying teachers and community educators with a
variety of information sources.

The initial funding for the project
October 1983, however because of the
the work  through, i

finished in

extremely well received by schools and has attracted
widespread praise in educational circles for the qual-
ity, directness and variety of the kits.

The Health Commlss\on of Victoria has actively sup-
ported the H.CES. Project by printing a colourful
wall poster “Decibel Dangev " taken from the illus-
trations used in the H.CE

d the Health
Commission has sent one poster to each primary and
secondary school in Victori

“The Ethnic Alfairs Commission of Victoria has also
given appreciable support to the project by funding
translations of the tape commentary for the appren-

ticoship safety programme “Loud Noise . . . the Deaf

You™ in eight community languages: Greek, ltalian,
'(l;urklsh Croatian, Serbian, Vietnamese, Arabic and
hir

Further information about the programmes and their
availability may be obtained from Margaret Campbell,
Deafness  Foundation (Victoria), 340 Highett Road,
Highett, 3190. Telephone 555-8777.

(Source: Deatness Foundation " (Victora) Annuel Report 1984).

Queensland Divi: ate
Following is a summary of recent activities in
Queenslan
o gou,ncll has resolved that a Queensland Division
e
oA Techmcal Meeting, preneded hy a meeﬂng ul
the Steering Committee was held
Noise Abatement on November 20. Mr. Wlll Tan!:-
son, Audiologist-in-Charge of the Brisbane Hearing
Centre of N.A.L. presented a paper dealing with
the anatomical process of hearing as well as con-
trasting normal with abnormal hearing.
Applications for membership are still being re-
ceived by the Secretary of the Steering Committee.
The application for registration of the Queensland
Bullotin Acoustics Australia

agement, Iogislaion,  effects of communty  noise
public awareness and education programmes, assess-
men, enforcoment, administrative policies, and noise
and Urban plannin

An Organising Committee has been estabiished and
the first meeting was held on Monday, 18 February,
§195. A number of “Exprossion of nterest Forms” have
eturned, including several from oversea:

A “Call for Papers” brochure will be avaxlabla oy
mid-year. Copies will be available from
Edinaton, Dvision of Neise Abaloment, 6470 Mary
Street, Brisbane, 4000. Telephone (07) 324-7698.

Vlclorla Division—Meeting Program
— Visit to either Telecom, the FA18 test cell
or me Arts Centre.
-_— Semmar‘ “Industrial Noise and Hearing
Conservslmn” with speakers from Government, ACTU,

tion monitoring” with speakers possibly rom leac,
Robin Aliredson, Industry, ef
November = 'End of Yoar function.

Hearing Aid Conference

National Acoustic Laboratories

17 zl June, 1985

ference will focus on determining and meeting the

zmplvllc:ilon requirements of the hearing impaired. The pro-

gramme is designed for Audiologists and other professionals

engaged in the provision of hearing is and associated -
resentations will be at an advanced level and a

knowledge of current hearing aid fitting practices will be

Guest speakers will include
Donald Dirks. “Pho.,
Harry Lovit, ty University 5 New

Nor Norton, MA., uu.mry Fensoitation Consultant

"Geratd Sgevaker, Ph D, Memphis State University

The conference will be
Research  Laboratory locatod st Ghatswood, Sydnoy.. The

extensive acoustical and audiological test facilities within
the new laboratory will be available for inspection. In addi-
tion there il bo opportunities in the week preceding and
ine. ook Tollowi ference for_observational visits
al hcllmes to be made. Five such clinics are
fogated wihin Sydre

2o o8 will be $150. For urther detils and

registration Vam\ phone 02-
" (Continued on page 7)
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INTERNATIONAL NEWS —

International Conference on
Achieving a Better

Bhonon physics; latice dynamics
and’ the basic ph ultrasonic
festing and maging; :cuustlc emission:

29-30 August 1985
Hr-n Regency Hotel,
'ORE

Organised by National University of
Singapore and Environmental Engineer-
ing Society of Singapor

Conference Topics: Physlcal Acous

ustic microscopy
nd of Gevices which employ. generaid
he grou
b0 obtained. trom” the Rggls(mr,
The Institute of Physics, 47  Belgrav
Square, London SWiX 8QX.

Report on INTER NOISE
84 Conference

The INTER NOISE ‘84 Conference
was held in Honolulu from 3rd to Sth
December, 1984. Approximately
papers were presented, including con-
tributed and 'invited papers. A largo
proportion of the papers was contri-

Japanese authors. An esti-

2nd C
tics, Oral Communication, ~Shocks, P
Vibrations, Solid _ State Acoustics, On Acoustic Intensity
Applied Acoustics. experts and
on' acoustics will address participants wpicaions
n the main themes of the conference.  SPPIiCation:

Technical papers are nlso lr\viled on the
topics listed by 30 Jund
Confer-

. “Achieving a Beter
Acoustic  Environment”, 1 _Maritime
Square 22, World Trade Centre,
Singapore
14th International
Conference on Noise
Control Engineering
18-20 September, 1985
Munich, Germany

Th conference deals with the fol-
lowing topics —

National and international legislation
and standards for reduction;

asurement and
assessment o noise; Sound imensity
Structure_borne  nolse

ning; Noise abatement by design and
machine noise redt
Tho working lan

uage of the con-
English. Thero wil bo a spocial

Sxnibition of ‘materials and instrumen:
{ation for noiso control enginasring and
a_pre-conference-tour to the
important contros. of acoustic research
in the Foderal Republic of

For further details contact — INTER-
NOISE "85 Sacrelaria, o/- VOI-Kommis-
i minderung, _Postfach 1139,
D400 Dusseldort 1 Federdl Repubic
of Germany.

New Joinl Institute of
Physics/Institute of
Acoustic Group

The Councl of the Institute has given
approval to the formation of a
group,  the

1oy

the Chairmanship of
X IOND of the University of
Bain,_ The, object of the growp. 4 1o
provide a forum for Physical Acoustics
hich wil assis i the developmen of
|

o branches of physics covered by
the term physical acoustics are the
fundamental aspocts of acoustc wave

acoustic waves with matter. It ncludos:

jeneration, propagation
and - scattring " in- Soid "svuciurest
mechanical relaxation and internal fric-
Vol. 13 No. 1 — 6

September "o 25, 1985

ring the wekfollowing INTER-

1535) the 2nd International Gongross on
Acoustic Intensity Measurement will be
held at CETIM, Senlis, France. Ti
congress

Langue ~Francaise

eeting — the know-
measurement techn-

Scope
ledge of inten
ques and the interpretation of vector

Sy

flods “have " progressodsubstantally
during the least years and the method
is now extensively used in_industrial
practice.Although special Sessions are

aim of this congress is to
inform both the research workers and
the growing number of users on the
state of the art and to offer opporturnities
for ssion  between
specialists.

Further particulars from:

Or. M. BOCKHOFF
CETIM.,

BP. 67,
F-80300 SENLIS, France.

International Conference
on Acoustics, Speech and
Signal Procassing

Cosponsored by the IEE ASSP
Society, The Acovstia! Society of
Japan and the Institute of Electro-
m'cj and Communication Engineers
o 3
Sub|ecl areas:

ral Signal Processing; Spectrum

Estimation ~ and _Signal _ Modelling:
peech Procassmg, Multi-Dimensional
Signal Processing; Underwater Acous-

Signal Processing;
acoustics and Psychoacoustics.

Paper summary required by 31 Aug-
ust, 19

For vumm Information, contact

lectro”

vt (cASSP 86

University of Tokyo
Bunkyo-ka, Tokyo. 113 JAPAN.

mated 500 attended the

°
3
=
3

Australlan capital &
ilika Hotel. As could be expected,
Amerigana end lapaness aulnumbered
their European counters

Conference was sponsored 3 by the
International Institute of Noise Control
Enginsering and organised by the st
tute of Noise Control Engineering of

UsA. o

th E/USA) and INCE/
JAPAI -operation with the Acous-
e Soct cioty of America. INTER Noise

Conferances are heidin the US.
C38numbered years. Th INTER NOISE
'85 Conference will be held in Munich
in September, Australian
Acoustical Society s one of the twenty-

ree member societies of International
INCE.

In Mr. Fritz
Ingersios, e, President of ermations
INCE, stated that the ultimate objective
of INCE's activities was to contr

ussed the following means by which

noise control could be effected: regula-

tory provisions, acoustic barriers, land-

use planning, " effective design, noise
belling,

On each day of the Conference par-

icipants were able to choo:

led_inte ICE
gories. " The most popular category
(fudged by the number )

ation,
sing.

Acoustic Intensity reflected the growing
interest_bein

table sessions to discuss special topics
which took place the day al

aples. induded ir-condion.
0, noise from airports and sound
intensity:

Australlans contributed eight papers

to the Conf Authors. included:
A. La . Challis, 1. Edding-
ton, A, R, Bullen; K. Byt

Hede and
M. Norton, 1. Shepherd and W. Rent

On the social side, the Conlerance
Committee arranged two events to tak

other islands which mal

Bulletin Acoustics Australia



PEOPLE —

D Novills Fletcher has been appoint-
2 Commissioner 1o the Interna-

Honer coustics, As the

list “printed. undor  nternational ' New

e joins an ilustrious band

f acousticians who will guide the for-
unes of ICA for the noxt fow years.
duties as Director

OPESIRS natioto o1 Prysicar Sciances,
Neville still_finds time to_direct the
s of students doing
research at the University of New Eng-
land. We him well in his associa-
tion with 1CA.

ic Roberts of Vipac, Perth,
ansierred to sunny Queensland to ]oln
hn Savery in the Brist

Randall has returned permanent-
Iy to Australia after spending several
years as_unofficial cal
ambassador; al laast ho was resident In
more than one Sorving s
masters at Bruel and Kjaer. He is now
stationed at Head Office in Sydney,
where he is busy sstling up computar:
operated large lesﬂng system
have you back,

11 o with some roprat that we seport
that Ban of Murray Wilkinson
Rcoustics Is not wall. Barry Is currently
President of the Asso ustra-
Tan: Acousiica Consaliimia, ono. o1 cor
sustaining members. While he s on the
sick list, Barry is looking
who would be available me to
hold his office together. Are there any
offers? We hope that Barry will soon be
fully recovered.

NEW SUSTAINING

It is with pleasuru that we amounce
that AqYib. a division of Aqua
Towers' PYy. Lid. of ‘Baulkham e

N.SW., has become a sustaining mem-
Dt oi'the sodiery.

At the same time we regret that CRA
Services Ltd. of Melbourne have de-
cided ot 1o renew their membership.

NEW MEMBERS
o Admissions

have pleasure in welcoming the
(liowing mow members whe have boon
admitted 1o the grade of Subscriber
uhile awaiting grading by the Counci
Standing Comiitee on Mo

o e, M €%, Ed
. M. Fournier (Q.),
(@) MBS, Korockin ), .
£ gormtanwar (@, Miss - MoAlister
(@), Mr. P. McCormack (Q.), M. P. A.
Murphy (V:c ). Wi, M. . OSitian 2,
@).
© Graded
The foiowing new gradinge have been
approved by uncil Standing Com-
ke on Memi

Subscriber: Mr J A, G- Best (@)
Mr. E. Krievins

{9 M. Tandon Naresh (india). Mr.
), M J. P, Savery (@),
Wayte (Tas.),

Member: M. P. A. Murphy (Vic).

Note: Queensland members have been
attached to the N.SW. Division unti the
formation- of the Quensland Divi

ecome e Victorian
Division or acoustical purposes,
india 15 part of the N.SW. Division

QUEENSLANDERS ON
THE MOVE

December seems to be a
month_for overseas
usensian:

popular
jaunts among

d Warren R
are anding. hor-Noiso i Hawaln
Jos Hayes s off to San Francisco.
Los Angeles, Boston and New York to
interost the Americans in his company's
violin_electronics development.
rown it is understood, is off to
Hong Kong (again) and UK. untit July

SOCIETY ARCHIVES
response to the appeal published
in the August 1984 issue, a number of
members have donated personally
owned back issues of the Bulletin o the

advertised have now been satisfactorily
filed. The archivist, Paul Dul
wishes 1 the umns to record

the thanks of the Society for these

donalmn
have a suitable news item for
inclulion n-srs conmn, please send i
1o Graeme Harding, /- 22a Liddiard
reet, NAwmonM VIC. 3122, or to the

oo

Graeme Harding

Australian News (Continued) i

the problem arises.

W.A. Noise Abatement Information
Services

Two new information services have recenty been made
w stern Australia.
abate noise annoyance can be

uvmluble m 1hu

Wi

public solve
have _installed e
(telephone 325 8752). The system is ﬂnlgnad ave

o mitasle o s wostimssen beste Tha soric provides  Notes e purct
Spocific information on who {0 contact depending on the type  from _th

of the noise source and in one instance the time at which

centres, or copl

rovide a coj

“What is it?
provides _briet

mp}
The pamphlet is to be made ave
local” government offces, publi ibraries, and legal aid

ies can be obtaine e
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Factory Sound Fields

—Their Characteristics and Prediction

Murray Hodgson

Department of Architecture
University of Cambridge

1 Scroope Terrace
Cambridge, England CB2 1PX

are presented and evaluated.

ABSTRACT: The Sabine Theory, associated with the concept of a diffuse sound field, is often applied to enclosures
with non-diffuse sound fields, such as factories. In this paper, with the aid of factory measurements, factories are
compared to “Sabine spaces". This is done in terms of the sound propagation and the reverberation time, which are
related to worker noise exposure and perceived annoyance, respectively. The main factors determining these two
variables, and the implications for factory noise reduction, are discussed. Methods for predicting factory sound fields

1. INTRODUCTION

~Presented in this paper is the progress of research into the
acoustic characteristics of factory sound fields and into factory-
noise prediction, which was carried out at the Department of
Architecture, University of Cambridge in collaboration
Institute of Sound and Vibration Research at the University of
Southampton. The research comprised theoretical and exper-
imental studies of factory sound fields, of their prediction, and
of noise-reduction measures. The experimental work involved

Further details of the research from which the discussion in this.
paper is derived are contained in [1,:

The last decades have seen an increase of interest in, and
need for, a better understanding of noise in factories and for
accurate factory-noise prediction methods. This increase was
stimulated by a greater awareness of the adverse effects of
noise on man, and by in“reasingly stringent recommendations

These were aimed at limiting hearing hazard resulting from
workplace noise exposure. However, hearing damage is not the
only worker-related aspect of factory noise; another factor, not
dealt with in existing regulations, i that of comfort or annoyance
in the working environment.

Noise in factories results from noisy machinery, processes
and operations. Noise levels are enhanced by the confinement
of the sound energy in the factory enclosure, resulting in the
noise-exposure levels to which workers are subjected. In the
case of impulsive noises, the enclosure also results in reverb-
erance, caused by the finite rate of sound decay. Reverberance
is belioved to be related to the perceived worker annoyance
with the working environment, though this has yet to be proven
or quantified. It is a common expsnence of me acoustic

in the caso of existing factories, they permit evaluation of the
efficacy and of enclosure
measures.

Discussions with practitioners reveal that all too often, when
they estimate noise levels or the efficacy of possible noise-
reduction measures, ma wellestablished Sabine theories,
developed for auditoria, are applied. Unfortunately, for many
{factory spaces their appication s mvald. 1 s the s of this
paper to discuss how factories differ from “Sabine spaces”,
and to consider the main factors influencing, and the character-
istics of, factory sound fields. Methods for predicting factory
sound (mlds, and progress on evaluation of these methods are
presented.

2. SOUND FIELD MEASURES

AND FREQUENCIES
The sound field in a facmry ey ussmuv be characterised by
two measures, one des e steady-state spatil, and
one the temparal, behaviour of e fld. Treoe ae, respectively,
the sound propagation (SP) and the reverberation time (RT).
The SP is the variation of the sound pressure level (Lp) with
distance from an ommdlrecnonal point source located at a

i . SP is measured in octave bands or

b normalsed 1o the output sound power
fevel (L) of the source; that is, SP is expressed as Lp—Lyy in
dB. SP prediction s of the utmost importance, being required
for the prediction of the total noise level at a receiver position
in the factory; the total level is the energy sum of the I
contributions from the individual sources at the position, as
given by the SPand the source L/'s.

The RT is the usual room-acoustics measure, related to the
rate of sound decay in the enclosure. It is normally measured
in full or third-octave bands and is determined from «h- average

consultant that factory noise-reduction measures, even when
little u«ecnng oisoexposure ovels, considrably morove the
by reducing

‘An understanding of, and an abilty acourately to predic,
the sound field in a factory are essential for the estimation of
probable worker noise exposure and annoyance. They also
allow the possibility of planning; that is, design of the factory
enclosure, as well as noise source and worker-location layouts,
in order to minimise noise exposure and annoyance. Further,

Bulletin Acoustics Australia

The relevance of RT 10 factories is fess obvious than & that of
SP, and is a matter of some discussion among acousticians
and consultants. As was mentioned above, it is likely that
RT related to the annoyance caused by impulsive sounds.

It is important to consider which frequencies are of interest
in factories. Noise in factories may occur atall audio frequencies.
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However, the important measure for the pudiclion of noise-

ecause
low and igh frequency factory noise usuauy, though by no

frequencie:
mnespmamg b om.ave bands from 125Hz to 4kHz were
investigated.

3. THE SABINE THEORY
The theory of Sabine describes the spatial and temporal
behaviour of sound in enclosures which are empry, which have
all and
is uniformly dis uvem In such enclosures the pattern of
sound reflection from the enclosure surfaces is such that at
any position equal amounts of sound energy propagate in all
directions — the sound field is diffuse. The theory predicts a
steady-state sound field composed of two contributions, as
shown in Figure 1 for the cases of low and high total absorption.
Within a certain distance from a sound source (the so-alled
“reverberation radius”) a “direct field” dominates. This is
unaffected by the enclosure and has a level which decreases at
a rate of —6dB per doubling of distance, due to spherical
divergence. At larger distances, sound reflected from the
enclosure dominates, resulting in a “reverberant field”. Its
level tends to decrease with volume and decreases with total
absorption, but does not vary with sourcelreceiver distance.
Regarding the lempmai behaviour of the sound_energy
during sound decay, the level decays exponentially. The rate
of decay is directly plupumanal to the factory volume and
mversely proportional to the total sound absorption, this being
f surface absorption, as characterised by the
iffuso fold absorption coefficient, and of air absorption.

4. FACTORIES vs SABINE SPACES
Factories usually have mutually similar construction. The
enclosure is erected over a floor of concrete and is supported
by a portal frame system. The walls usually consist of glazing,
masonry and/or cladding. The roof, often singly or multiply
pitched, or sawtooth, consists of double metal, asbestos and or
plasterboard panels which are mounted on purlins attached to
the portal frames. Some factories have a flat, suspended inner
ceiling.
Factory spaces differ from those described by the Sabine
theory with respect to their contents, shape and surface

- ‘ ] ‘ L I
|
-20 |
! TOTAL LEVELS
g === FoREF —
o | Rewerbefant | Tow absorption
o levels,
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absorption. These will be discussed individually in more detail
below. Because of these differences the assumptions of the
Sabine theory are not met. The factory sound field may be
highly non-diffuse, the SP and RT characteristics of factories
may not be as described above. Predictions using the classical
theories may be highly inaccurate.

5. FACTORY CONTENTS

Factories differ from Sabine spaces in that they are not empty,
being “fitted” with machmes, benches, barriers, mechanical
services etc, both within the space and on its surfaces. These
{itings scatier and abaorb propagating sound. Measuraments
‘were made of the sound absorption of two industrial machines,
a sheeting machine and a lathe, made of solid metal and metal-
panel parts. In both cases the absorption was in the range
05 — 26m? (3). While this may be surprisingly high for
metal machines, it suggests that the absorption contribution,
resulting from surface absorption by the fittings in a factory, is
usually a small proportion of the total absorption.

In a fitted factory — in fact, even in an unbounded region
containing scatterers — sound propagates from the source to
the receiver by an infinite number of paths as it “bounces”
between the fittings (and the walls, if present). Sound energy
radiated from the source at a certain time arrives at the receiver
continuously over a long period of time; there is reverberation
even if there are no bounding surfaces. Further, the sound may
strike the surfaces and arrive at the receiver from any direction.
The presence of fittings in a factory causes a redistribution of
sound energy, relative to the case of no fittings, towards the
source due to backscattering. The \gs also increase the
propagation losses, in two ways. First, as discussed above,
sound may be absorbed by the fittings. Secondly, and more
importantly, the presence of fttings causes more sound to be
scatsrd onko the bounding mfaces, effecively icreasing
their absorptior it in be considerable

i fact many imes greater han the Hing sufocs absorpton.
Further, the effective absorption tends to be highest at fre-
auencies at which the smaty factory surace avscrplion 1s
highest. The effect of fitting scattering increases with the
fitting volume density (1],

Figure 2 shows the SP, in dBIA) for the case of a flat source
spectrum, measured in a typical factory when empty and fitted.

-10y
20} —
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Figure 2: dBIA) SP measured in a factory when empty and fitted.
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The factory had average dimensions of 54m x 47m x 6.3m.
Its floor and walls were made of concrete and brickwork. The
ro0f, which was doubly pitched, consisted of suspended
asbestos and plasterboard panels. When fitted, the factory
contained fifty metal machines similar to those mentioned
above, of which the surface absorption was measured. The SP
vas maasured, using an omnidieciona! loudspoaker aray of
known output power as the source, along a line dowr
centre of the factory. Figure 3 shows the mvrespnndmg i

field. In disproportionate factories no uniform reverberant field
exists; in general levels decrease continuously with distance
along any major dimension, as in Figure 2.

As an example of the influence of factory shape, consider
long factories of the same length and cross-sectional areas, but
with different cross:sectional aspect ratios. For two such cases,
Figure 4 shows the SP predicted for positions down the length,

{see below and [1]). In one case the width to height ratio is 1
(duct

the RT at all frequencies, because of the increased absorption.
SP lovels. increased slightly at short distances due to back-

? than abou
Im due to energy redistribution and increased propagation

Flgure 2 also shows. lhu geners choractraics o the SP in
empty and fitted factories. Both SP curves approach the free-
field o at short distances. Notice, hough, tht 1evels at 2
ce may be several decibels above the free-field
's implies that the influence of the factory enclosure
may extend inward to operator positions. In empty
factories the SP curve has an approximately constant slope;
as the sourcelreceiver distance increases, levels exceed the
foe ek vauca by incrassinglylarge amounte. b fitd acimin,
on the other hand, the magnitude of the slope of the SP

from the fes iod
line at medium distances and then curves back towards it. In
very large, highly absorbent and/or densely fitted factories the
may cross the free-field line. More will be said below

about the shape of the RT curve.

6. FACTORY SHAPE
Factories also differ from Sabine spaces because of their
shapes. They are usually large and dlspmpomonale w-m height
much less than length and, often, width.

in the other case it is 20 (flat configura-
tion). Clearly, levels for me flat configuration are higher at short
distances and lower at large distances than for the duct con-
figuration. More generally, for factories of the same cross-
sectional aspect ratio and length, whether empty or fitted,
SP levels increase at short distances
distances s the ratio of wi 3
total surface absorption increases with width o height ratio.
For this the RT i i

the RT
with width to height ratio. However, contrary to expectation,
this may not be the case for empty factories [1].

Increasing or decreasing the volume of an empty factory
may change s shape, and decteases of increnses the sound
energy den therefore, SP levels. In factories with a
e mumbor of ings, changing th voluma also changes the
fitting volume density, causing a redistribution of sound energy
1o lerger distnces. This tns (o recuce SP levels ot shot
Increasing

me volume increases the R all cases.

The influence of non-flat factory roofs is complicated. The
general effect of roof contour is to cause the SP o vary with
measurement direction. The variation usually is greatest at low
frequencies and decreases with frequency. Figure 5 shows the
dB(A) SP measured in directions along and across the roof
contours in a uniformly fitted factory. The factory, which was

have nonlat roofs piched or sawiooth "oofs aro common.
More extremely, factories may be L- or T-shaped or have
partial partitions which form coupled spaces. Here scussion’s

have o partial partitions. Consideration of the surface-
reflection pattern shaws that disproportionate shape or a non-
flat roof results, at all positions, in a non-uniform angular
distibution of he ncident sound — that s, in & non dfiuse

3

of typical has a doubly-pitched r average
Gimonsions of 60m x 50m x 55, The resul s typical; in
general, large-distance SP levels are lowest in directions which
cross the roof contours.
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Figure 3: Measured third-octave band RT in a factory
‘when empty and fited.
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7. FACTORY SURFACE ABSORPTION
The third main reason why factories differ from Sabine spaces
is that the surface absorption is non-uniformly distributed. The

and increases with dr-nuancy, Panev roofs and suspended
ceilings, on the other hand, may have considerable apparent
absorption at low or mxddlu fquendies, owing 1o their

4.

Figure 6 shows the diffuse-field absorption coefficient of a

double asbestos-panel roof, estimated from measurements on

a roof sample and from RT’s measured in factories with this
: ° !

foof
of lighter-weight — for example, metal panel — factory roofs
occurs mainly in the more subjectively-important mid-frequency
range. It can be appreciated that a non-uniform distribution of
surface absorption esults in a non-diffuse sound field. The
influence of surface absorption depends on its distribution.
Surface ubmvplmn only significantly influences shortdistance
SP levels s located on surfaces near the source.

=}

and vice versa. This fact accounts for the variations wi
nequencv of the RT and SP levels. Figure 3 shows the RT in a
factory when empty and fitted. The shape of the curves is
typical of panel-roof factories. The RT is low at low frequencies,
due to ceiling absmpmn and at high frequencies, due to
surface and e RT is highest at q
Figure 7 shows the octave band SP results for this factory when
fitted. it can be seen that short-distance levels tend to increase
with frequency. This is because the strength of the dominant
g reflections, as well as of back-scatiering from the
fittings, tend to increase with frequency. Also shown in Figure 7
are the measured octave-band RT values. Notice that large-
distance SP levels tend to vary with frequency as does the RT,
being lowest at low and high frequencies and highest at mid
frequencies.

-10 T

However, absorpion on any surace may afect
levels and the RT.

A further important point related to the influence of surface
absorption must be mentioned — the absolnunn of most
materials and surfaces varies with angle of incidence. In
partcuar, tis has been found 1o be e case tor panel roof

structions [4]. When placed in a diffuse sound field, the
eﬂmva absorpion of such surfaces is the difiuso-ield
T equation.
However, if the material s located in a onifse souns field,
its apparent absorption in general will be different from the
ool ke Mosmasrart b fulllze farioe have
own that low frequency SP levels at medium and large
mancos ofomare 8 icantly higher than would be expected
from a knowledge of the diffuse-ield absorption of typical
factory roofs, possibly due to angle of incidence effects. In
practic, it s very iffclt accualy o messure the anguar
varaton of aifaca stacrpion

SP (dB) —

fo(H2)]
125

N

Ttm
onate and therefore, have a non-diffuse sound field even if
the surface absorption is umlulm\y distributed, the Sabine RT-

formula_cannot be used to ine an average surface
absorption from the RT. Huwmv, it s still generally true that
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8. CONTROL OF FACTORY NOISE
The aim of factory noise control is to improve the work
environment by the reduction of naise-exposurs lovals and of
roverbaration. This may be dono ethe t the esign stage
the factory is built. As i e important

uaniiy for the prcicton of nise-oxposUre ovas factory
containing many noise sources is the sound pressure level at
positions throughout the factory. The Lp at position P is the
energy sum of the level contributions from each source at P,
as determined from SP(P).

Clearly, the more specific objective of noise control is to
. ! >

Qe important cbservaton, relevant to factory dosign,
must be made about factory height. It normally is expected
that decreasing the height increases noise-exposure lovels;
thisis i factories. However,
decreasing the height of fitted factories also causes a redistribu-
ion of sound energy, tending to decrease large-distance SP
levels. In some cases this may result in decreased noise-
exposure levels, contrary to expectation. An example of this is
discussed in (3]. Of course, decreasing the height also reduces
the RT.

Finally, a non-lat roof can be used to reduce largedistance
SP levels in certain directions. Source and receiver locati
should be laid out 5o as to maximise source/receiver distances

construction can be o

v the total
at short and large distances are reduced by increasing propaga-
tion losses and by reducing and increasing respectivel, the
ings. Table 1 shows
some factory-acoustic parameters which can be modified in
order to reduce the SP and RT in fitted factories, and the
changes required.

Several further comments are necessary in relation to these
results. First, the distance which delimits the short and large-
distance region is typically 10—20m. Also the short distance
region can extend to s close as 1-2m from a point source
and, therefore, may include operator positions. Secondly, it is
clear from Table 1 that the changes of some parameters,
required_to reduce the SP and the RT, are often in conflict,
The same is true with respect to simultaneous reduction of
short and large-distance SP levels. If, for example, it is required
to reduce all variables, then the only Isasmla measure s to
increase the surface and fitting absorptions. Measures only
causing an energy ledlslnbulm are mappucable Thidy, it
should be noted that, in many t possible
iy the loor.sids and ond wal absorption.
the presence of scatterers increases the effective
surface absorption, a combination of scatterers and surface
absorption may be especially effective for the reduction of
large-distance levels and of the RT.

More genarally, sinco the factory caiing is often a low:

v, low-frequency scatterers, which are mid
andlor hih equency absorbers, may be a parieula Cost

effective treatment. A further reduction of large-distance levels
may be achieved if scatterers are located in the roof

lower fitted region. A possible application of these principles
is the use of solid acoustic baffles, hanging at random locations
throughout the roof void. A second possibility is the use of
scatterer/absorbers of inverted pyramidial shape, suspended
above individual noise sources. The scatterers should have
dimensions of at least 2m to provide adequate low-frequency
scattering. Their surfaces should be covered with porous
absorbent to provide mid and high frequency absorption.

TABLE 1
Changes of factory-acoustic parameters wmch lsduce
the SP and RT in empty and fitted factor
( increase | decrease)
Parameter SP (short) SPllarge) | RT -
‘Widthheight T T T
ratio
Height ' ' !
[Surface absorption| 1 on surfaces ' 1
and distribution | nearest the source
Fitling ' ' 1
dens
Fitting ' 1 '
absorption

and fic of non-flat roofs.

9. PREDICTION OF FACTORY SOUND FIELDS
If the Sabine theory is not applicable to factories, what

models, acoustic-scale modelling and empirical formulae. Each
has advantaes and disadvantages which must be weighed in
each individual case.

9.1 Theoretical Models

Theoretical models are based on either a wave-acoustic or a
‘geometric-acoustic approach. According to the former approach
the wave equation s solved subject to the boundary conditions
impoud by the enclosure under consideration. Though a wav
approach is most accurate, its practical application is limited to
smwly—ihnped and empty enclosures. Jeske 5 presents

diffraction and interference, are ignored. This approach is
valid for sound of wavelength much less than the enclosure
dimensions. Since the longest wavelength usually of interest
in factories is about 2m, and since factories seldom have
dimensions less than 4m, a geometric approach should be
accurate at all but perhaps the lowest frequencies. Geometric-
acoustic applications use one of two main es — ray
tracing and the method of images. Ray tracing involves
following a large number of rays, each radiated in some
direction, as they propagate from the source to a receiver
posi \e implementation of ray-tracing methods requires
ted algorithms and lengthy computation times. Hurst
and Mitchell (6] have used ray tracing to predict noise levels in
factories. A method which, though in practice usually restricted
in application to rectangular paralelepipeds, is more easily
implemented is the method of images. According to this
approach surfaces are replaced by image rooms containing
Imm which surface reflections are considered
Thi results in an infinitely-extended

to originate.

gl ing resul
;image space containing an infinite number of image sources of

each actual source. The image sources are assumed 1o be
mutually incoherent. The image space also contains an infi
number of image surface planes of each real surface. At any
receiver position the steady-state level due to a real source,
and the sound decay, are determined from the energy sums
of the contributions from all the sources in the image space.
The sound decay and, therefore, the RT are determined from
the temporal decay of image-source energy when the sources
stop radiating; the steady state level is given by the total
energy from all sources. The SP and RT depend on the spatial
distribution of the image sources, and on their individual
energy contributions, which themselves depend on losses
suffered during propagation to the receiver. In the case of
empty enclosures, propagation losses result from spherical
divergence, surface and air absorption. The influence of source
directivity and angularly-varying surface absorption can be
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of each image source according to, respectively, the direction
of the receiver from the source, and the angle at which the ray
crosses the image surface planes.
The infiuence of fittings has been included in two ways.
First, their effect on sound propag image sources
10 a receiver has been modelled using barrier theory (7.
Secondly, a statistical approach has been taken (89] and
incorporated into image-method models (9,101, This was done
by imaging the scatterers in the bounding surfaces, resulting
in an infinite region containing scatterers superimposed upon
the image sources and surfaces in the image space of the
smpty enclosus. Tho SP and AT e datrmined 2 kr the
mpty case; however the energy contributions of the individual
vmlga sources are now substantially different.
o s very sl or providing o conoeptuel
ramewore for considering factoy acoustica. Considecation of
the Iociory Image.space.con lead 1 on apprecaton of the
r:hamcunmcs of the factory sound field. For example, it is

mrfam must have a mndlﬂm Sound field, since the image
sourcs are not distributed uniformly throughout the image

pace. Further, vmnge "model have been shown m d-scnbu
munv o factory-acoustic.characterist larl
the influences of enclosure shape, surface nbmvmlan snd
ings (1,11

9m and was of typical construction. In particular, the
singly-pitched roof consisted of double asbestos panels
suspended on a light metal framework. The walls and floor of
the model, built at 1:16 scale, were constructed of varnished
timber and plastic. The roof construction was based on a
distributed Helmholtz-esonator principle. The fittings were
timber and cardboard blocks and tin cans of the approximate
scale-sizes and shapes of the main factory fittings. Figure 8
shows the RT measured in the prototype factory and its scale
model. Figure 9 shows the corresponding dBIA) SP results.
The model RT is within about 10% of the prototype RT at
all except the lowest frequencies. The dB(A) SP is modelled to
an average accuracy of about 0.5dB. The difference between
the model and prototype factory SP averaged about 1.5d8 in
the individual octave bands.

Factory scale models have also been used as research tools
2], and to_investigate the performance of noise-reduction
treatments (12]. Clearly scale modelling requires a greater
expenditure of money and time than does use of computer
that they can be s the case of non-regular configurations
which are not described by existing theory. However, if scale
models are to be used as design aids, which must be cost
effective, then small scales, e.g. 1:50, must be chosen. Unfor-
tunately, recent research aimed at extending factory scale

L all theoretical predicti seriously
limited in practical application because of the considerable
degree of uncertainty associated with their input parameters
for specific factories. In particular it has yet to be determined
how best to estimate the relevant absorption of a given factory
100f or the total scattering cross-section density of a factory's
fittings. Work is in progress, comparing theoretical prediction
with full-size and scale-model factory in order

at small scales 1o be very low, for several reasons. Firs, scale
models have an upper limit for accurate scaling, because of
limitations with instrumentation andair-absorptionscaling.

s limit is about 2.5kHz full scale at 1:16 scale, but only
800Hz ful scale at 1:50 scale. An 800Hz full scale limit makes
the determination of dB(A) levels impossible. Secondly, the

to evaluate the existing models and to solve the problem of
parameter estimation.

9.2 Physical Scale Models

Factory SP and RT can also be predicted using acoustic
scale-modelling techniques, whereby a reduced-scale model of
a planned or existing factory is built and tested. Model noi
reduction measures can be introduced into the model and their
performances measured. The feasibility of the scale modelling
of factory sound fields has been demonstrated by successfully
modelling an existing factory [2]. The factory, which produced

at high model test frequencies has been found significantly to
limit the accuracy of SP levels measured in disproportionate,
non-diffuse-field models. Thirdly, the absorption coefficient of
varnished timber, the most convenient material for modelling

at high model frequencies. The low scouacy of 1:50 scale
factory models seriously limits their useful
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b TTT T
- _ 3
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9.3 Empirical Models

The limitations suffered by theoretical and physical models,
because of problems with parameter estimation, suggest that
empirical prediction methods, derived from measurements in
factories, may be useful. Friberg (13) has developed such a
method for the prediction of the RT at 1kHz and of the siope
of the dB(A) SP curve. These are determined from the diffuse-
field absorption coefficient of the factory roof at 1kHz, the
factory height, and from tabulated constants describing the
factory shape and fittings. Friberg’s method s limited in scope
and accuracy for several reasons. It provides only limited
frequency information. The SP curve is._assumed to be of
constant slope, and only its slope, but not its absolute level, is
predicted. Finally, the method does not account for the influence
of noriflat ‘roofs. Measurements of SP and RT in a large
‘umber of empty and fitted factories are in progress. These will
provide data for comparison with theoretical and scale-model
prediction aimed at the determination of relevant acoustic
parameters. The data is also being used to develop more
comprehensive empirical predictions for SP and RT (14]. The
SP curve will be characterised by two straightine segments.
The predictions will provide full frequency information.

10. CONCLUSION

~Two important worker-related aspects of factory noise are the
noise exposure and annoyance. These are felated to the
factory SP, and probably RT. It is essential to understand the
factors determining, and the characteristics of, SP and RT in
factories. The Sabine theory is often used, for example to
determine_absorption coefficients from the measured RT,
despite being invalid for reasons related to factory contents,
shape and absorption. These reasons have been discussed
with the aid of factory measurements. The implications of the
discussion for the control of factory noise have been discussed;
the potential use of factory shape and of scatterer/absorber
combinations are of particular interest. Finally, the methods
available to the practitioner for the prediction of factory SP
and RT have been considered. Prediction methods based on
geometrc acoustcs and the method of images have been

effe
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EARLY WARNING FOR INDUSTRIAL DEAFNESS

“This sound can be picked up and analysed by a computer

Industrial deafness could be prevented if researchers at London
University find a way to der velop their work commercially. And
the research could ensure that compensation is paid only to
people who have qenumely lost their huanm Bul lack of
commercial interest is blocking development of the

DOr David Kemp, of London University's nudloloﬂv depart-
ment, frst showed in 1977 how the ear analyses sound by an

an echo. This echo is characteristic of the individual, and
identifies someone as clearly as a fingerprint does. More
valuable in practice, howevev is the discovery that the echo is
missing in people who have lost only a little of their hearing.

If the cochlea of a healmv human ear is stimulated wi
clicking sound fed in by a small earphone loudspeaker, it il
echo the sound with added.

Bulletin Acoustics Australia

surprise discovery was that this echo disappears if th
sensitivity by as lttle as 30 decibels. This is an almost indetect-
ablehesring| the startof
i atory system and the
Dwelnpmem Corporation (now part of the British Technology
Group) holds the patents. His plan was to license any British
electronics manufacturer able to make a suitcase version.
Firms could then check employees’ hearing when they first join
and at regular intervals whilst they are on the payroll. The
beauty of the system is that it provides an early warning of
deafness and cannot be fooled, like current audiometic tests,
by workers who only pretend they are deaf.
(New Scientist 8 March 1984)
Vol. 13 No. 1 — 15
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Summary

A Sanificant number of rain showers occur in 8
rainfall_inten: of up to

7 ain showers can
be 30-60 minutes with up to half of the rainfall quantity
being discharged in 6-12 minutes.

Noise levels within a typical space can be as high
as 75-80 dB (A) for an untreated metal roof. A number
of treatments are proposed to reduce this noise level
to 50dB (A) or le:

Strawboard roof systems appear to have a signifi-
cant cost advantage over plaster board constructions
for roof spans up to 10.1 metres and where structural
considerations permit.

Introduction

The popularity of light-weight metal deck roofs for
use in buildings where speech communication is of
prime importance causes noise due to rain impact on
the roof to be an important intrusive noise source.

In this report, calculation methods, criteria and con-
struction techniques are discussed together with
approximate costs to achieve acceptable noise levels.
Rainfall Data

Reference 1 summarises rainfall intensity data for
Sydney for the years 1922 to 1971. The information is
presented in terms of the percentage of time that a
given rainfall intensity is exceeded.
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AVERAGE RAINFALL mm/hr
Figure 1. Rain noise on untreated roof in building space
of si mx 14m x5 m.

Number above points are yearly shower occurrences

during normal working times. Sydney data only.
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Dubout (ref. 2) presents results of a research project
which essentially concludes that the dependence of
noise on rainfall intensity i
PWL per roof sq. metre — 17.3 logu () + 46 ¢8..... 1)
where PWL is power level re 1012 watts, and, R is
ainfal intonsity level in units of mm/hr.

The roofing material used in the experiment was
0.8 mm. thick galvanised steel — trough decking with
a slope of about one in

Given a building space of size 10x14x5 metres
high which incorporates a metal deck roof and has a
typical reverberation time of one second in each
octave_band, sound pressure levels are calculated
using Equation (1). Results are shown in Figure 1.

Before an assessment of the extent of noise intru-
sion can be made, information is required on the fre-
quency and duration of rain showers. Information from
the Bureau of Meteorology suggests that a “typical”
rain shower has the following properties:

® Average duration 30 minutes.

© Within a 6-12 minute period, approximately 35-50
per cent of rain falls. The rainfall intensity for this
period is approximately twice the average rainfall
intensity. From Equation (1) the sound power level
for this period is 5d8 more than that calculated for
the average rainfall intensity over that period.

®During this period of high rainfall intensity, Dubout
{ret. 2) reports that quie rapid luctuations in noise
level sometimes occur, with several at
Por minute, for example, i gusty ¢ X
Bota'Te wailable on the-sorse lovel of 1hese peaks
but we assume they could be 5dB (A) more than
the average noise level.

e maxima

Given the average yearly rainfall intensity data
(ref. 1) and an average shower duration of 30-60 mi
Utes. then the. number of showers of given intensity
can be calculated. The numbers above the dots in
Fig. 1 are the results of this calculation. These num-
bers represent the number of showers of given rainfall
intensity that occur on average during a working year
(a working year is 45 weeks, 5 days per week and 9
hours per day).

It is clear from Fig. 1 that a significant number of
showers occur during the year with intensity 10 mm/hr
and less. Hence we recommend that an average rain-
fall intensity of 10mm/hr be used as a design value.
Noise Criterion
* The ambient noise fevel within a building space is
usually specified in terms of an NR value. The sound
level in dB (A) units is usually 5 dB more than the NR
value for air-conditioning noise and continuous traffic
noise. An extraneous intrusive noise source can be
510dB (A) more than the ambient level before it
becomes obtrusive, depending upon the use of the
room.

(continued on p. 34)
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Active Noise Control In Ducts

I.C. Shepherd, R.F. La Fontaine and A. Cabelli

CSIRO Division of Energy Technology
Highett, Victoria 3190

ABSTRACT: The advantages of active noise control in ducts are well publicised and several laboratory systems are
now yielding impressive resuls. Yet there are reatively fow active attenuators employed in industy. This s ,unr,

suitable applications. Several systems are described and e most influential performance factors are dlswssad,
de

can be assessed

1 INTRODUCTION

o opposite signature was conceptualised in 1939 by Lueg [1]
and again by Olsen (2] in 1953; it is not therefore a new concept.
Only recently however, has the range and quality of electronic
components improved to the extent that practical realisation of
active attenuation has become possible.

There is now a plethora of possible arrangements which
have been proposed mainly for applications in flow ducts.
Each has strengths and wauknsssns but all show the potential
for

LIST OF SYMBOLS
©  Speed of sound
E(jw) Electrical voltage (frequency domain)
f equency

Complex frequency response of fiter
V-1

K Wave number wlc
ength

o resistance 1o flow. It s these characteristics. which
make active duct attenuators so attractive for low frequency
applications, in contrast with conventional attenuators which

[
Pljw) Fluctuating pressure signal frequency domain)
Complex frequency response of loudspeaker
‘Spacing between speakers and microphones
Power it

high flow resistance.
Nevertheless, nearly all the systems operating today are

t Time
v Loudspeaker to microphone coupling factor (via the duct)

laboratory models and
3], 141. The reason for this is not entirely clear, although there
are probably ssveml cacws, some associated with technical
limitations of the met lost active systems should be less
=xpensvve than Ihmv convunuonal counterpart, and because of
the low result in a saving in fan power. Conceptual-
ised as manv acreta components, the Systems may appade
complicated, but modern components are very compact and
objections concerning reliability can be eliminated by using
quality components and careful design.

Itremains necessary for system developers to sell the concept
to potential manufacturers and users, stressing performance,

compNsATING FLTER

Lovospeanens

-

Figure 1: Swinbanks attenuator
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y
7L Loudspeaker coupler directionalty factor
@ Radien frequency
T Signal delay time

value for money and re is paper presents a broad
description of current amxcpmem and describes the factors
likely 1o be influential in practical applications, thus enabling
the reader

2. STATE OF THE ART
A present, there e soveral flow duct atenetor systams
d broadly

it roviow paper by Watnaka (51 but the most promising oo
described below.

The classic paper by Swinbanks (6] described what is
probably the most popular arrangement. It comprises a gang of
sensing microphones, usually two, a compensating filter and a
gang of loudspeakers as shown in Figure 1. Both microphones
and speakers are arranged with interconnecting delays and
difference junctions so that they couple with acoustic waves
propagating in one direction only. This avoids an unacceptable
feedback loop from the speakers to the microphones. Such
arrangements have a non-uniform response which can be
expressed in the frequency domain by

Vol. 13 No. 1 — 17



Eylja) = Py(ulll — exp(j2ur)] U]
where £ s the utput of th diferance junction,
Pyjul is the acou ure in the positive going wave,
715 thesignaldoloy tmo fc
wis th adian requency, and
i=v-

This response musl be compensated by the filter if wide band
opamion s e
vl ) raposs a iferent unidictiona arangarmen o

In the frequency domain the relationship between the
microphone coupler voltage Ejfiw) and the incident sound
pressure Pi(ju) is
Eyfju)Pyle) = 1 — expl~j2ur) @
and the secondary sound s given by
PolilEie) = 1 — exp(-j2w7)IRl) @

where Egla) is the output voltage of the compensating fiter,

Ioudspankevl ‘which he coupled to a single
system, illustrated in Figure 2, comprises three s o
comnaciod by phaso sifing and compensating eloments. It can
be shown that the frequency response of such an ideal system
i fla provided the dipole Input  itare by 8 111 an k0
function, which s similar to that needed in the Swinbanks
snlngamum The three drivers in the configuration proposed
by Jessel pose practical difficulties in achi smooth
matching of components. Furthermore, this configuration is not
readily amenable to simple design changes such as altering the
driver spaci

A usohul Ieamrs of both the Swinbanks snd Jssselsystms
is that the und i abscxbed by te divar and s ot
refcctod, o in fber systams. Ths can bove Importont co
auencos doponing on the applicatin os shown by La Fortaing
and Shepherd [10). Reflected sound can be re-eflected by
upstream bends, fan; o dlacantinites 1o coisns with the

)

The Chesea Dipae 13, hown in Figure 3, reflects o
back towards the source. Acoustic coupling between the
loudspeakers and microphone is minimised by a dipole
arrangement of the speakers, with the microphone mounted
centrally between them. The function 1/(2 sin kfl is required to
compensate for the non-uniform dipole response.

Decoupling the microphone and driver can also be accom-
plished_electronically as in the monopole arrangement (9]
shown in Figure 4. A delayed version of the loudspeaker
signal is added to the microphone output, thus cancelling the
sound fed back via the duct. In effect, the electronic and
acoustic feedback paths constitute recursive filters with
inverse responses. Like the Chelsea Dipole, the compensated
monopole does not absorb the offending sound, but reflects it

‘The Essex system (3), llustrated in Figure 5, is an apparently
simple arrangement which attenuates periodic signals by
radusly bulding up, over a number of cyce, o canceling

rm which is designed to minimise the residual sound

wnstieam. The canceling signa i synthesised in stepwise

llshmn on a Charge Coupled Device (CCD) and then fed to the

ry speaker. An algorithm which continuously updates

the :|ep valuss to minimise the residual noise also serves as an

adaptive controlle. The literature available suggests that it
-m | vs a single loudspeaker and is therefore a reflecting

Clurly there are many arrangements possible and the most
suitable dopendi on the application. When assessing any given

the system designer needs to consider several
factors wiich could performance. These factors will be
discussed with respect to the most flexible arrangement,
namely that of Swinbanks (6], but all the previously mentioned
systems are also subject to their influence.

3. DESIGN FACTORS

Cansidsr the Swinbnnks system shown in Figure 1. It comprises
ouple

whidh e Tormeced bv a compensating filter and ampm .
The filter
which avu inherent in (ha couplers as well as non«ml'clmmes
in the loudspeaker response. For practical purposes, the
individual microphones can be considered ideal.

Vol. 13 No. 1 — 18

frequency
response ov me |nd|wdual loudspeaker

Such a \was doveloped at the CSIRO Divison of
Energy Technology 18] and gave the attenuation shown in
Figure 6 for white noise band limited between 30 and 650 Hz.
An overall attenuation of 18dB was achieved in an ideal
situation which cannot be expected in practice. Factors which

ioration of X

31 Noise Character and Frequency Range
Some classes of attenuators are ineffective when dealing with
certain types of noise. For example, the Essex periodic system

in a random noise situation. Many other systems however,
sense and condition the incoming sound so that they can
operate on periodic, random o transient sounds. These systems
are normally limited in frequency range only.

In flow duct applications, sound can propagate as a plane
wave at any frequency or above certain cut-on frequencies, as
highev oms. modes which, in contrast to plane waves, have

iniform pressure distributions over the duct cross section.

The cuton frequendies are iversely proportional o the duct

dimension, and higher order

modes exceed the speed of sound and are also a function of

frequency. For frequencies lower than the cut-on frequency of

the first cross mode, sound propagates as a plane wave and
the phase velocity is equal to the speed of sound.

moder s divan To eaeh mode anc e ke foton of
frequency, an attenuator capable of operating on higher order
modes would need to be far more complicated than one
designed for plane waves. In essence, each mode would require
an independent attenuator incorporating multiple microphone
and speaker arrays. Swinbanks (6] made suggestions along
these nes, ust seems fr more proctl 1 focus stenon on
pl.!ne wnve attenuators, where necessary divi the duct into
Soveral possages, each small enough o avoid the propagation
of higher order modes.

The operating bandwidth is obviously an important feature
of an attenuator. A single tone or narrow band is relatively easy
to attenuate, whereas it is difficult to maintain good attenuation
over several octaves. While the CSIRO laboratory system
achieved an attentuation of 15 to 20 dB over 4.5 octaves

iz to 650 Hz), the requirement for such a wide
th would be rare.

3.2 Reproduction Accuracy

The omau accuracy of reproduction has a strong influence on
the system performance [8]. Figure 7 shows graphically, the
e lowabis aror amplitude and phase respon:
for any given attenuation. For example, ampiitude must be
uniform within +1dB and phase within 1 u on atenuaion
of 20dB is sought. This can easily be a

band or for a single tone, but a ool s avmlanle oudspesker
will not meet such a stringent requirement over a wide band,
say 2 octaves. The CSIRO sys'em achieved this accuracy for
30Hz to 650Hz by employing a system of motional feedback
‘whereby the motional back-emf of the voice coil provided the
feedback signal.
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Figure 2: Jessels attenuator
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Figure 4: Monopole system with compensation
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3.3 Coupling Between Loudspeakers and
i ones .

o)
In a real system, there will be
and microphones via the duct. La Fontaine and Shepherd (8]
show that the maximum attentuation of a random source
(which can be achieved with an otherwise perfect attenuator)
s given by L = v, where L is the limiting attenuation and  is
the loudspeaker-microphone coupling factor vi the duct

The coupling factor is the product of the umdlrecuenali(ies
of the microphone and loudspeaker couplers i an
One can employ a single microphone y = 1 wvlha nnmma\lv
unidirectional loudspeaker arrangement single
\oudsneake' by = 1) with a nnmmauy unidirectionsl arrange—

[
oo loudepoakors and merophones y = a7y Smce
microphones are generally more accurate transducers than
loudspeakers, , can be made sufficiently small with relative
ease. However there is another reason for employing a unidirec-
tional arrangement of loudspeakers; that is to avoid reflection
of sound back towards the source.

3.4 Absorption or Reflection of
Acoustic Energy
Attenuators which do not employ a unidirectional loudspeaker
anangement, for example the Chelsea Dipole or any single
speaker arrangement, reflect the acoustic waves back towards

Mo

FRequENCY (Hn)

Figure 9: Prossure spectra and coherence in a fan exhaust diffuser

35 Flow Turbulence
To a single microphone, pressure fluctuations due to sound

the source, whereas those wi

ith
absorb the acoustic energy. This is often an important consider-
ation, as revealed in reference [10].

and there is a reflecting discontinuity upstream, like a bend or
fan, the noise level upstream of the allenua(or is increased.

than it wculd be with an ubsorbmq system b1 the same attenu:
ation (ratio of upstream to dowr level). This effect

can easily render a 10dB anenuaton neffectve. Figure 8 shows.
the theoretical insertion loss (change produced by insertion
of the system) as a function of upstream and downstream
amplitude reflection ratios, for a reflecting attenuator with a
nominal attenuation of 16dB. Clearly, the insertion loss can be

erefore fuctuations,

correlate with the acoustic signal, cause the secondary source
o inject sound which has no acoustic counterpart to cancel,
producing an increase in noise. The effect of turbulent pressure
fluctuations is discussed in reference (11], where it is shown
that (wbulnnc- causes residual noise in an otherwise perfect

s system in Figure 1, it can be shown (11] that the
residual noise spectrum is given by
Shliw) = Spljw/(2 sinlwe)l @

where Sp(iw) is the residual spectrum and
is the spectrum of the turbulent pressure fluctua-

are high. Reflections from discontinuities downstream of the
attenuator are only important when coupled with a high
upstream reflection and a poor attenuation rating.

nat

Therefore, the level of residual noise is at best ada less than
the turbulent pressure fluctuations at the microphones. For this
reason there are certainly some industrial problems ‘which
‘cannot be solved by active attenuation.

Figure 9 shows spectra of signals from a microphone placed
inside the diffuser of an exhaust fan and from another micro-
phone placed outside the diffuser near the exit. The microphone
inside the diffuser vespondi to acoustic and turbulent pressure

@

INSERTION LOSS

Figure 8: Insertion loss vs downstrea reflection (Rp for an attenuator

he other microphone responds to acoustic
radiaton from the exhaust only.

Since the acoustic content at the two positions is assumed
to be related in a linear system sense, the coherence function
provides a measure of the in-duct spectral density which can
be attributed to acoustics. Itis therefore a measure of the scope
for active attenuation in accordance with equation 4. Since
coherence is low everywhere except at two tonal peaks, there
are only two frequencies where active attenuation can achieve
much effect. For example, at 100 Hz the coherence is about 0.62.
Thus 62%
o sound wich can presumably be atenuated 1o the treshold
d uation 4. This amounts to a threshold attenuation
or 5B st frequency.

from turbulent fluctuations
with microphone shields such as those of reference (12] which
provide 10dB to 25dB turbulence rejection at 100 to 1000 Hz
respectively. There are also multiple microphone arrangements

mirophone with vrious valuesof pstream rflection (Rl
v, =1, vy = 0.1, attenuation =

Vol. 13 No. 1 — 20

which help, but at great expense and still only about 10d8
improvement can be realistically expected.
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3.6 Adaptive Control and Optimisation

Most laboratory systems have no need for adaptive controllers
but nearly all industrial applications would. Variable flow rates,
fluid temperatures an contents make adaptive control
essential for at least two variables, say the overall gain and the
time delay. In addition, drifts in the chalacluns ics of electronic
components would need to be compen:

Utilising a microprocessor in each case thero ro throo broad
approaches to maintaining optimum performance of an attenu-
ator. One method adjusts a minimal number of settings on a
system which is capable of uncontrolled operation for short
periods, this is essentially a fine tuning function. Another
approach continuously adapts the frequency response of the
compensating filter, which would be either fully digital or a

[13]. A third approach (3), used in periodic noise attenuators,
h isi i e signal in i
by a series of steps. The individual step heights are adapted
via an algorithm to minimise the residual noise. The first option
is relatively simple and could be dovelopod without dificuly
‘The second metho investigated jointly by the CSIRO
and the University of Adelaide Elecmcal Engineering Dupar\r
ment, for possible future use in more complex arrangements.

4. CONCLUSIDNS

The basic concept of active attenuation has been introduced
and some of the systems currently promoted have been
described.

‘The most important factors involved in practical implementa-
tion of attenuators hlve b«en dlscussad Par'ovmance can be
limited by
coupling wia the duc, and localturbulence. AGoustc rolect

from the duct elements adjacent to the attenuator also have a
significant influence on reflecting attenuators.

Material is presented which enables potential applications
of active attenuators to be assessed and a suitable design
arrangement to be selected

(Received 28 September 1984)
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STRADIVARIUS RECAPTURED

Despite efforts by the Japanese to reproduce the perfect
sound of a Stradivarius violin with computers, the original has.
remained unique and impossible to copy — until now.

Dr Joseph Nagyvary, a biochemist at Texas ABM University,
has come closer to the original Stradivarius sound than anyone
in 200 years. He attributes his success to looking for chemical
answers when, as he notes, “everyone else did acoustic

ana

Although there are still 700 Stradivarius violins remaining in
the world, their value, which can reach $1.6 million depending
on condition, prohibits such experimentation. Dr Nagyvary had
the co-operation of the Library of Congress curator, Rene
Morel, who helped to make available five original samples
whch were beig roeled.

Limited as they were, the samples were the key to the
research, llowing D1 Nagyvary to stucing tho collla Structure
and chemical composition of the violins.

He concluded that there were three types of noise fiters in
the original wood cells — fuzzy surfaces, an abundance of
cracks and holes and a significant amount of debris.

absorbed the high lrequeﬂcv noise and gave the

violins a pure sound. Dr Is0 found strains of

numerous chemical ermarts e gold, ‘iver and vanadium

which he attributes to alchemists of the time who were
consulted on preserving the woods.

Another key element is the varnish, which Dr Nagyvary
discovered was made of the natural polymer chitin. This gave
him the breakthrough in the production of his own violins. So
Bulletin Acoustics Australia

important is the chitin vamish that modem instruments of
ndiferent qulty areranformed by restment with .
there s more o a Nagyvory vioin then that. Working
with vioin makers in Raly and he S, Dr Negyvary confines
his contribution to the “final 20 per cent and this is the critical
part”, where he treats the wood in selected spots to enhance
its sound as well as apply the varnish.
rank Lipsius in the Australia, 17 March 1984

NOISY SWEETS

Few things infate moro than rusting sweetwrappers in the
cinoma. Bt which is the nojsest sweet when t £omos 1 the
crunch? We bought a selection of Ce\lnphanec\ad varieties in
the foyer of a local cinema and took them to W.A. Hines, who
‘measure machinery noise in factories and offices.
John Connell, for the Noise Abatement Society, adjudicated.
The nois eveineid o cinem should e verat 40 decbals,
At 45 decibels came Opal Fruits. At 52, KitKat; 54 Cadbury's
it & Nt 63, Colrd & Bowser toffse: 64, puttrscor
5, jllybabies higher f yous rummaging jog for the black anes)
and liquorice allsorts. And the three worst offenders? The Ki
Gra sl st crag of huid), a disgusting 68: box of Tery's
chocolates (almost impossible to openl, 69. But the award goes
to Butterkist Popcorn at an awesome 77 dscmels — and it can
take some people p o 30 minutes to eat
anny Danziger, Sunday Times Magazine
Vol. 13 No. 1 — 21




Acoustical Activities in the
Railways Department, Victol

H. Sin Chan
Acoustical Engineer
Vicrail, Melbourne

The two major acoustical activities of the Railways Deparlmsr\l

are to implement the requirements of the followir

(a) Health (Hearing Conservation) Regulation 1978 under the
Health Act 1958.

(b) State Environment Protection Policy No. N-1 (Control of

Noise from Commerical, Industrial or Trade Premises within

the Melboune & Metropolitan Area).

Hearing conservation
o implement, - Satuory Rules 1076 No. 269 Hoalth Act
— Health (Hearing Conservation) Regulations 1978.]
R-gulanan 201 read:

Woors mn umplcyee is engaged in any process or occupation

and e

{a) the Daiy Noise Doso of that employeo exceeds 1.0, or

(b) the employee is at any time exposed to a noise level
exceeding 115 dBIA) slow—

then the employer shall take action to ensure that the exposure

of any omploye doos not oxcood —

(©) a Daily Noise Dose of 1.0,

@ at any time a naise lovel of 115 dBIA) slow — as the

However, the Reilways Department considered that any environ-
ment or work space where the noise level exceeds 85 dB(A) for
8 hours work (daily noise dose of 0.33) and any noise level
exceeding 115 dB(A) then the following measures will be taken:
) hearing protection signs be placed around the areas

ed,
(i) the employees concerned be audiometrically tested and
be issued with earmuffs or ear plugs,

every effort should be made to reduce the noise at the
source, along the path of propagation and at the receiver.

E.P.A. Noise Control Policy N-1

Sections 16, 17(1), 18, 49 and 19 of the Environment Protection
Policy Act 1970 were further introduced in the State Environ-
ment Protection Policy No. N-1 February 1981: “This Order may
be cited as the State Environment Protection Policy (Control of
Noise from Commercial, Industrial or Trade Premises within
the Melbourne & Metropolitan Area) No. N-1 (hereafter referred
10 as Policy) and came into operation on Monday 4th May
1981.”

Following o PA
this aspect, the Department will investigate the Effective Noise
Level messured inaccordance wit the provisions of Schedule

2 in the Policy) at any point in a Noise Sensitive Area and if
necessary will try to control the noise level so that it does not
exceed the Permissible Noise Level (calculated in accordance
with the provisions of Schedule 1 in the policy) at the same
point.

Building acoustics
The Department uses A.S. 2107-1977 ambient sound levels for
areas of occupancy within buildings) as a guide to design and

within occupied spaces.

Low frequency noise and ground vibration

There are various cases of residents’ complaints re noise and
vibration due to vanwys operations adjacent to the residence.
Investigation of these cor ts is carried out in the following
manner:

() To estimate L, at residence
Measure the peak noise level and estimate the Leq in dBIA)
using the formula:

Leg = La + 10log (nd — 49

where

length of train in metres
number/hr

maximum pass-by of train in dB(A)

(]

]
£

Leq24 hr = L + 10 log (N/200) — 20 dB.

where N = number of trains per 24 hr period

i) To estimate low frequency noise
Assess the peak noise level and the frequency of occurrence,
then determine the density of the lightweight loose fitting

excitation.
Perceptible vibration of any loose fixture will oceu if it has a
mass/unit area less than that calculated,

(i) Ground vibration

the peak
level (3-axes) in mm/sec at the residence facade.

Use the vibration limits proposed by German Standard DIN
4150 and also a special report No. 11 published by Australian
Road Research Board, “Ground Vibrations — Damaging Effects
1o Buildings" as the guidelines.

Assess whether the peak ground vibration level in mmisec is
perceptible (Human Sensitivity) or will affect the structure of
any buildings.

©OCO
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Near-Grazing Sound Propagation
Over Open, Flat Continuous Terrain

Keith Attenborough
Faculty of Technology
Open University
Milton Keynes
England

ABSTRACT: The literature on the propagation of sound over flat ground, without metorological influences, is
reviewed. Particular emphasis is given to the effects of the acoustic characteristics of outdoor ground surfaces.
The information contained in the paper should be of practical value in estimating the propagation of sound, at
frequencies up to 500Hz, when the sound is at grazing incidence and the distances involved less than 300m.

1. INTRODUCTION

Perhaps the most important statement to be made about
propagation of sound near to open, flat, continuous ground in
calm isothermal conditions is that it never happens. Not only

nature of the real atmosphere but ground surfaces are rarely
flat and seldom continuous. Meteorological influences may be
divided conveniently into (i) refraction effects due to wind or
temperature gradients and (il turbulence related to wind-
induced eddies and to thermal instabilities associated with
heating of the ground. Absorption in the atmosphere also plays
a part but is significant only at high frequencies and long
ranges. For example, the attenuation remains less than 1dB/km
up to 3500Hz (1],

In this review paper meteorological influences will be ignored
and the discussion will concentrate on the interaction of sound
with the ground and with various types of ground cover. The
auumpucn will be made that the ground surface is continuous,
flat, and is not disrupted by abrupt changes in character.
Moreaver, only point sources will be considered. Despite this

o Point sou , !

presented here have some practical value. At frequencies up to
500Hz, and for ranges up to 300m the conclusions should be
valid for a wide set of meteorological conditions [221. The
idealised propagation considered here is strongly dependent
on the acoustical characteristics of outdoor ground surfaces.
x

di of these -
Knowledge of these characteristics will be relevant to the

rgrazing
and frequency range of interest.
2. THEORETICAL CONSIDERATIONS

2.1 Analysis of sound field near to the ground
Throughout this review the time (t) and dependence exp(—iwt)
is understood where i = y(—1), w is the angular frequency
Bulletin Acoustics Australia

and use is made of the conventions: (i) that explikox —iwt)
represents  progresive wave voveling in the pasiive x
direction and that (i) positive ve of the imaginary part of
suﬂace impedance indicate a iiness type reacionce. The

ies for confusion in studies of near grazing outdoor
propogaton that arise fom e use of diferent canvantions
have been reviewed by Daigle et al [28].

A convenient way of representing the field due to a point
source above an absorbing boundary, in general,

Suor = explikoR)ikoRy + QexplikoRallikoRy (1)

where 6y s the velocity potential for the total field and
the spherical wave reflection coefficient. k, is the propagation
constant in air, R is the length of the direct path and Ry is the
length of the specularly-reflected path as shown in Figure 1. The
first term represents the direct wave from source to receiver.
ithough exact integrals and asymptotic formulae are
availobs for G, when the sround may ba described, scousicaly,
either as an id (2], or
fluid (35, it s not necessary to exprwe those n detal. The s
considerable experimental and theoretical evidence that over
the frequency range of most interest in studies of outdoor

may be modelled adequately as locally-reacting.

If the assumption of local reaction is valid, then an accurate
method of calculating the sound field near to the ground is
given by equation (1) with

a + (1 -Rg)Fw) @

where R;, the plane wave reflection coefficient for a locally-
reacting surface has the form

= (cos# — Bliicosd + B) @

and
Fw) = 1 + iVawexp(—werfcl—iw) @
Vol. 13 No. 1 — 23



source

receiver

TT—

This surface wave certainly has a mathematical existence;
but there has not been any publlshnd data that establishes its
propagation.
The main problem is that the resistive components of most
outdoor ground surfaces give fise to appreciable exponential
attenuation along the surface. This outweighs the relative
strength of the surface wave component, resulting from the
inverse square 100t dependence on fange, compared with other

Figure 1: Geometry of specular reflection

In equation @) § = 112, whete 2 is the romal suface
impedance of the ground normalised with respect to air, and
§1 the angle of incdonco dafned n Fgure 1. in sauation (4),
w, sometimes called the numerical distance, may be approxi-
mated by
W= %kR)B + cos 6l ]
and erfc() represents the complementary error function. Time
dependence exp(—iut) has been understood. Two  useful
approximations for Fw are, for [w|< 1, which wil be satisfied
for large impedances and/or source-receiver separations which
are small compared with a wavelength,

Fiw) =1+ ivawexp(—w?) ()

and, for |w| >1, which requires sourcereceiver separations

Fiw) = 2iVrwexp(—wIH[ - Imwll - 12w? ()

equation, H(x] represents the Heaviside step function,
which s tho value 1 for x 3 00d 0 for x <

From equation (6) it is clear that the condition —Imiw) > 0
will depend upon the relative magnitudes of the normalised
resistance and normalised reactance which are the real and
imaginary pms of Z respectively, and upon the an

At cidence (6 = x/2), equations (1) and (2) simplify
r:nnsldevablv Sice Ry = —1.Hence

o = 2F(w)
and 8)
wo= %01+ k%G

where r is the horizontal range.

Note that use of the plane wave reflection coefficient instead

of Q would have led to the prediction of zero propagation

n point source and receiver at § = /2. Consequently,
the contribution to the total field of the second term in the
expression for Q, acts as a correction for the fact that the
wave fronts are spherical rather than plane. This contribution
has been called the ground wave, in analogy with the term of
the same name that appears in the theory of AM radio wave
propagation over the earth’s surface [7].

For ranges such that [w| > 1, and at low frequencies
llarge 2, the first term in equation (7) makes a significant
contribution. When multiplied out in equations(1) and (2) it
gives rise to a term that has the form of a surface wave,
decaying as the inverse square root horizontal range with an
exponential decay with height and range superimposed. At
grazing incidence, the condition for its existence simplifies to
the requirement that the imaginary part of the impedance is
greater than the real part. Although in different solutions to
that stated here, this condition will be sufficient to create a
surface wave whatever the physical and geometrical data.

Vol. 13 No. 1 — 24

lecay at least with r-1

Using continuous sources and artificial surfaces such that
the reactive part of the impedance is much greater than the
resistive part at low frequencies, both Donato [12] and
Thomasson (6] have shown that the surface wave term
accurately represents the acoustic field near-grazing incidence

thorough demonstration of its physical significance
noweve«, from detection and analysis of its separate arrival in

"The attenuation A, in excess of that due to spherica
spreading and due to the presence of a finiteimpedance
boundary, known as the excess attenuation, may be written

A = —20l0gyo ltotal acoustic feld / direct field]

At grazing incidence, this may be written

A = -6 - 20logolF|
It may be noted that for |[F| > 0.5, which will occur at low
frequencies for many outdoors ground surfaces, A is negative
and the direct field is enhanced. In other words the shadow
zono thet wouid occu for recaiver e a souros ofpans weves
at the surface, is penetrated by the ground wave fro i
source. At |F| > 05 the ground wave no longer ur\hancss the
direct field, it i A
this cut-off may be found in references (7] and [13],in which wil
be found also plots of typical predictions of the excess attenu
ation spectrum both for grazing and near-grazing incidence
It should be noted that alternative expressions for the field
b

than the combined result of equations (1) to (4) (2, 51, 521.
Hawevev, for practical purposes, the numerical resuits obtained

from those ofthe more exact xprossions (63

2.2 Acoustical Impedance Models
For Outdoor Ground Surfaces

221 Semi-empirical formulae due to Delany and Bazley
By making measurements on many different fibrous sound
absorbent materials whose porosities () were near unity and
whose specific flow usisnvines (o) varied between 2000 and
80,000 MKS rayls m-! , Delany and Bazley [14] were
2bi 1o scourmaate » daa bank indicating the dependence of
both the normalised characteristic impedances (Z.) and the
normalised bulk propagation constants (ky) of these materials
on frequency. They defined power law relationships in terms
of frequency as follows:

Ze = 1+ 0.08(ila,)075 + 1007710907 (@)
and
= 1+ 0.086(fl0g 070 +

175(l0)052 (10}

where g, s the effective flow resistivity of the material in MKS
units and 1 is frequency in Hz. These relationships are semi-
empirical, in that power laws with (f/(Q0)] as parameter wer
expected from the theory for rigid porous media derived by
Zwikker and Kosten [15]. Since @ = 1 for the fibrous materials
under investigation, Delany and Bazley were able to replace
the effective flow resistivity , by the actual value

Bulletin Acoustics Australia



Delany and Baz‘ey |2|| were first to suggest the use of
n (9) in predictions of outdoor sound_propagation.

with equation (1), where Q was put equal to Ry essentially
neglecting the ground wave contribution in equation (2).
Yhe range nl validity for the formulae (9) and (10) was

sta iy as 0.01 effective flow
o of cutdoor eound surisces vary from 10,000 MKS
Tavls -1 fo Ioosely packed snowi 1o aver 20,000,000 MKS

rayls m-1 for hnrdackud bare_ground. A ypical vaue of
flow resistivity for grass-covered ground might be 300,000
MKS rayls m-1. For this value, the criterion /g, > 0.01 would
imply a lower g frequency for application of equations
(9)and (10)of 2500

Chessell (16 and others 7, 13, 20] have shown that extrapo-
lation of the formula (9) outside its stated range of validity is
justified by the excellent agreement it enables, in conjunction
with equations (1)~(4), between predicted and measured
propagation over grassland out to horizontal ranges of 300m.

More recently, by using o, as an adjustable parameter,
Embleton et al (17] have shown that it is possible to fit short-
range messurements of neer grzing propagation ver a varety
of surfaces, from hard-packed quarry d snow,
reasonable accuracy.

For snow layers and forest floors which ciearly have layered
structures, instead of the characteristic impedance formula
(effectively the surface imj of a seminfinite layer) (9),
the surface impedance of a rigidiy-backed layer has been
used (18, 19}:

Zlo) = Zccoth(~ikpdko) an
where Z; and ks are given by formulae (9) and (10) respectively,
Ko is the wave number in air, nnd d is the. \hlckness of the layer.
‘This model has been found to correspondence
with some measured data for gramoveved ground also (8].

= (kloexp(—az) 03
where (), represents the value of the product at the surface

and z is me depth. Since it can be shown that k & 001,

where n onstant

a porosity that incroases with dopth. This fairly unusual in

outdoor ground surfaces. The result of Donato's analysis (26]

may be expressed as

Zeo) = Zgodo (2811, (281a) 14

where Z, refers to the chulcter‘mi
iven by equation (12), @
An expression for the |mpe¢am:a of a layer of rigid-porous
material of depth d is obtained by combining equations (1)
and (12) with ky = Z,. Effectively this yields a five-parameter
model 126].

Thomasson 16] expresses the relative normal admittance
(inverse of Z(o) in equation (1)) in terms of four parameters as
follows:

impsdance at the surface
ok

1Zo)! = alblc) tanh bef/e) 15)

‘where, in terms of symbols already introduced,

a = Qlgl)|
b = glel/|gle)]
© = kyllgRi%

and e = (|glw)|/@oCe?) ¥ (27d)-!
¢, being wlky.

A method of obtaining an acoustical description of the ground
is advocated by Thomasson [6] in which measurements of
excess nllmuaman made in a fixed geometry (horizontal

formula (9) gives a fi
of the impedance, and, for a typical range of effective flow
resistivities, yields an imaginary part of impedance (reactance)
that is greater than the real part (resistance) for some of the.
frequency range of interest in studies of noise propagation
(100Hz t 4000 Ha),

222 Phenomenological models for rigid-framed media
Morse and Ingard (23] have analysed sound propagation in a
rigidframed porous medium in terms of four parameters.
Two of these are porosity and flow resistivity. The other two
paramsters ara adjustable. Structure factor (), represents the
ratio of the effective density of the air in the pores, set in
motion by an incident sound wave, to the equlllbnum “density
(o) A Ihermodynamlc factor (g) relates to the fact that
air within the pores takes place neither
udxabancallv nor \sumama)l

to this model, the normalised surface normal
|mpedanc! is given by

Z, = (@%k +lollgow%, 1 <gle) <14  (12)
where w s the angular frequency.
Sevesl authors (24, 6, 261 v applied his model to the

= 20m, source and receiver heights
) are fed in term.of the four parametes Gefned
above.

223 Microstructural models for ground impedance
‘The acoustical characteristics of fluid-saturated granular media
have been of interest in dwsu fields of study including
underwater acoustics, seismology and chemical engineering
a5 o2 i the studes of Amosphert propagation of interest
here [29]. Numerous experimental ical studies of
the acoustical characteristics of dry sands and soils have been
concerned with the transmission of sound through such media
as well as reflection from granular surfaces (30-33]. The
theoretical studies have taken the classical approach pioneered
by Lord Rayleigh (34] and by Zwikker and Kosten [15] based
tpon & concepmual model o el cncical pores unving
normal to the surface of a rous medium. In a recent
Govelopment of this spprosch (27]  hat boen found possile
1o descibe the acousical charactastics of granuar medis in
terms of four parameters: flow resistivity (or air
permeabiity), rain sape factor () and pore shape fattr 5
or low frequencies and high flow resistivties it is possible

description of the acoustical
faces. Bolon and Dosk (201 have oxtended ||, by means of
a formula due to Brekhovskikh [26] for the surface impedance
of a multilayer system, to grounds in which the various
parameters vary with depth. The latter model was found
appropriate to a gravel surface.
ito (26) has extended the model to allow for an expo-
ental ate of change of physical characteristics with depth.
Ho postulates that K s a functon of depth such that
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parameter
reduce to three that may be collected together in a single group
called the effective flow resistivity (g) = safo)/flo) MKS
units (34).
Hence
Z. = kollyl) =

0.218(0,/f)% (1 +i) 16)

where y is the ratio of specific heats of air.
Vol. 13 No. 1 — 25



For low frequencies and high flow it is possible
to derive nother ‘approximation for the surface impedance of a
rigid porous medium in which the porosity decreases expo-
nantialy with depth away from tho sufoce (351 ie

200) = 1ZeoHo(281(n'alIH 2128/ (n'ad] a7
where 8 = kyola/Col.

Zgo and kpo refer to the normalised characteristic i ipedance
and complex wave number, vespecwe!y, of a sem
homogeneous rigid porous medium of porosity 2(o), as given
by equation 16) and 1@ {1 rofors to 3 Hankel function of
n-th order and of the second kind.

If the flow resist sufficiently high that [26/(n’a)] > 1
then a further approximation enables a simplification of (17)
which gives

Zl0) = 0218(0c% + il0.218lo/)% + 9.74la/f) (18)

where g, is as defined previously and a, an effective rate of
porosity increase with depth, = n'a/lo) m-". Finaly, it is

aground
as a rigidly backed porous layer (341, This is
Z(o) = 0.000820,d, + (38.99/fd,) 9
Intis expression do represents th effctive depthof tholayor
iven by dm. The approximation requires not only that the
ﬂnw esitty of the potous laye be igh Lttt s dogth be
small compared with the wavelength of sound within the
(rlgldl porous layer,
the modee of acoustical behaviour represented by
equallons (16, (18) and (19), a,, @, and d, may be regarded as
parameters that may be adjusted to fit data for mpedance
versus frequency or of excess attenuation versus frequency
over short ranges 5o that, using equations (1) to (4), the excess
attenuation over longer ranges may be predicted

3. MEASUREMENTS OF THE IMPEDANCE OF

OUTDOOR GROUND SURFACES
The standard laboratory method of measuring the normal
impedance of a surface by placing it at one end of a long
cylindrical tube, the other end of which is closed by a loud-
speaker, and by probing the interference pattern between direct
and reflected sound waves above the surface, may be adapted
for determining the impedance of outdoor ground surfaces [7,
18, 19, 35, 36, 37]. The modifications require the tube to be

ical and driven i ground. disturbance
of the ground is shared by an impedance meter technique (39).
An impulse technique has been developed in which, by careful
choice of geometry and arangement of the two receiving
microphanes, the shape of ground reflected pulsed may be
compared with that of the direct pulse [43]. Consequently
values of impedance versus frequency may be deduced without
the necessity of corrections for atmospheric absorption or
inverse square law. In the analysis, the contribution of the
second term in Q (equation (2)) is ignored. This will be reason-
able for the typical geometry (source receiver separation 6m or
less, source height 1.7m and receiver height 1.26m) and the
range of frequencies (above 400Hz) for which results have
been obtained. Another pulse technique [46] requires measure-
ments to be made in an anechoic environment. Cepstrum
techniques of analysis have been suggested also (47] for the
pulse received by a single microphone.

Fiseiid tectniques, aithr et normel or abiique ncidence
(7, 38, 40, 451 rely upon a geometry such that the
approximation of plane wave |nc1dence is justified. These
continuous wave interference techniques, both tube and free-
fekd o Soniive t th assumed ocaton o he ground surface.

Vol. 13 No. 1 — 26

fence techniques, on the omov frand,are rltively
this assumption. e has been
descrived by Hobaul 14 47 Essentill i lechnlqua requires
that measurements be made of sound level versus distance at
each frequency of interest; the lower the frequency, the longer
the range of measurement to achieve sufficient sensitivity to
impedance. An altemative near-grazing incidence technique,
proposed by Glaretas [42], enables deduction of impedance
over the whole frequency range of interest at relatively short
range and is based upon analysis of the lvnr\sler function, or,
more simply, the level difference two_vertically-
coporated microphonss, one of which: s near the ground
surfa

“The final technique mentioned in this review was developed

8
<
8
o
i
tH
g
|4
.8
8
g
3
K3
p

as an adjustable parameter in equations (1) to (4) it is possible
the impedance as a function of frequency.
Potentially this technique suffers from the problem of non-

of
parts of impedance cannot be determined unambiguously from
a single amplitude measurement.

Interms of
frequency characteristics and their correspondence with
theoretical predictions, measurements using the multi-
microphone oblique-incidence method, the pulse method (43),
and a grazing incidence method [41] are of particular signifi-
cance. Examples of these are shown in the next section.

Table 1 summarises a selection of surfaces for which
impedance data are available and the methods used to obtain
these data.

REAL PART

IMPEDANCE

NoRMALISED
\
&
3
\
;F

IMAGINARY PART

300 1000

FREQUENCY

10,000

(Hz)

Figure 2: Impedance of a ground surface
covered in hay of 40cm heigh.
o measured data from reference [43) Figure 65
~————— predictions from equation (18]
with ag = 187827 and g =
— =~ predictions from equation (9) with o = 168000
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TABLE 1
Ground Data Method of Best Fit Model Parameters (MKS)  Best Fit Measured
Suface  Reference  Measurement Model o dy A o
Eqns 16,18,19 Eqn 9
Meadow 3,Fig24b  Multi-microphone Verizble 120688 182 -
obliquencidence rosi
Gassland 7,13 impedance tube Variable 41680 41 300,000
inciined track porosity
ind wave cutoff
37,42 Impedance tubo Rigidbacked 575955  — 00083
Indirect, two fayer
microy
3 fiold,
normal incidence
£00  Twomicopbore ke Homogmeous 728 — - 250,000
43, Fig o e.pulse  Homogeneous 380046 — - 250000 100000
44, Fig Variable %740 103 - 150000 300,000
% Indirect
3, Fig25  Multimicr Variable 182018 58 .
oblique incidence porosity
@ Grazingincidence Variable 5069 83
porosity .
36,Table 3 Impedance tube Rigidbacked 170419 — 0038
Stubble 6 Fig.10 Indirect, four- Varisble 52605 26
parameter
Newsown 6, Fig.10 Indirect, four Variable 134668 72 -
crop parameter porosity
Hay 43,Figéa  Two-microphone, Variable 260384 B -
puise porosity
43,Fig. 6 Twomicrophone, Variable g7 76 -
pulse. porosity N
Soil @.FgTs  Twomiciophaone, Homogeneous 628823  — - 450,000
pulse
43,Fig7  Twomicrophone, Rigidbacked 320867  — 001 160,000
puise layer ‘
38,Fg228  Muitimicrophone, Homogeneous 1832000  — - 832,000
obliqueincidence
Sand “ Indirect, one Homogeneous 94345 — - 40000 60,000
3 Freefield
Normal incidence
Forest 8 Muiti-microphone, Rigidbacked 60053  — 00325
obliqueincidence fayer
43,Fig9 Two-microphone, Variable 25678 199 - 250000 110,000
vise porosity
19, pine Impedance tubs Variable 105361 81 -
porosity
19, deciduous  Impedance tube Rigidbacked 39382 — 0054
layer
Snow (dcm) 47 (quoted)  Impedance tube Rgidbecked 2512 — 00325
ver
Snow @om) 47 (quoted)  Impedance tube Rigicbacked 43779 — 0014
layer

4. COMPARISONS BETWEEN
THEORY AND MEASUREMENT
Figures 2 to 4 show examples of the use of equations (16), (18)
and (19) to fit measured data for im versus frequency.
Olhev exomplas may be found clsawhero (341 In cach case
is obtained by calculating the necessary parametérs
lrom the values of real and imaginary parts of impedance at a
single frequency. The appropriate frequency is chosen on the
basis of the least squared error over the frequency range of the
These figures show the limitations of the proposed
models above 3000Hz. Values of the best fit parameters and
appropriate models for selected data references in Table 1 are
shown also in Table 1.
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©. Examples ol the best it values of offective flow resi
as used in equation (9), are shown in Table 1. Figures 2 and s
show examples of corresponding fits, which may be compared
with those obtained by equations -(16) and (18). Where
measured values of flow resistivity are available both van der
Heiden (38, 48] and Bolen et al (44] have found that the
measured values of flow resistivity exceed the best fit or
effective values needed to fit impedance data"using equation
19). This is to be expected i, as discussed in section 2.2.1, the
normalising parameter in equation (9) is (f/Q0) rather than (f/o).
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NORMALISED IMPEDANCE
PART REAL PART

IMAGINARY

PART

REAL

NORMALISED IMPEDANCE.

MAGINARY PART

FREQUENCY  (Hz)

Jaure s Amdmnallpmcavm

10,000

‘equation (9) with g = 264400

-

B S T R R

EXCESS ATTENUATION (d8)

FREQUENCY (H2)

Figure 5: Excess attenuation over grass 7cm height,
source height 0.85m, receiver height 0.1m,
horizontal separation 10m.
o measured data from reference (5]
preditions using equatons (1 o 4/ and (18

- pmms using equations (110 4 and 9
with 0 = 96000

A typical value of @ for soil is 0.4. Cramond and Don's
experience [43], however, is the reverse, in that their measured
values of flow resistivity were considerably less than values of
effective flow resistivity according to equation (9). Furthermore
use of measured flow resistivity and (air) porosity in the exact
tigid porous material theory (27] is not always as successful as
the sppeoximate theary lequation 161, In which the sffcive
flow ity is used as an adjustable parameter in the
monner descved provioutly.

This may be a consequence of the unrelia
invasive mthods of obtaining air permeabily [43]

f the use of equation (18)

data is shown in Figures 5 and 6 (49, 501. In both cases the
fits obtained using equation (9) are shown for comparison.

of the

LEVEL DIFFERENCE (dBI

FREQUENCY  (Hz

between ic ights of
0and. iz

Vol. 13

Figure 4: Impedance of a 2cm thick snow layer.
o measured data from 47

No.

1—28

1000
FREQUENCY (Hz)

predictions using equation (19)

s
1400

noise 21m

third-octave measured
P"dlrlrom using Wlll'lwu ot larand 18
with o,

s using equations 1) to 4 and 91
with 0g =
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5. CONCLUSIONS

It is possible to describe the impedance of outdoor ground
surfaces by means of equations (9) and (10) which have been
derived semi-empirically by equations (16), (18) or 19, which in
turn have been derived as approximations of the theory for the
acoustical characteristics of rigid porous materials. Conse-
quently, by means of eque )10 (4)itis possible to obt
predictions of the sound levl at locaions near 0 the ground
that will be sufficiently accurate for practical purposes wherever
meteorological influences may be ignored. For frequencies
up to 500 Hz and grazing incidence the pre
for a wider range of meteorological conditions.

Equations (9) and (10} use a single ground parameter,
effective flow resistivity, which may be determined from the
best it to measured data of impedance vs frequency. Equation
(16) uses a single parameter which may be determined from
measurement of impedance at a single (low) frequency.
Equations (18) and (19) involve two ground parameters. Again
these may be determined from a measurement of the complex
surisos impecancs ata snglefrecuency.

Values of the requisite parameters have been determined
and re budeted n bis paper for 8 wide tange.of ground
su
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7TH INTERNATIONAL ACOUSTIC EMISSION SYMPOSIUM
ZAO-CHO, JAPAN

21st to 27th October 1984

Report by Brian Wood
CSIRO Division at Mineral Physics, Lucas Heights, NSW

The series of International Acoustic Emission Symposia have
been held every second year for the past 14 years. They are an
activity of the Japanese Non-Destructive Inspection Society
and The Mining and Metallurgical Institute of Japan, with the
support of 25 other Japanese associations.

This symposium has been growing in prestige each year. |
have been able to attend the 5th, 6th and 7th symposiums and
have been impressad by the argansation end sandsrd o the
papers presented.

This conlerence ‘was held at Zao-Cho which is about 350 km
north of Tok,

The mnievence consisted of the formal presentation of 89
reports, 3 special invited lectures, 9 poster presentations and
equipment displays by about 12 agencies.

eports were bound into a hard-covered book and were
grouped in 9 categories and presented in 20 sessions. There
was adequate time for informal discussion, and participants
were able to meet and talk freely with many other elegates
during these periods.

There has boen concern for some fime tha the tests made
on mechanical testing machines do not represent the field test
situation. A laboratory test is a constant strain test, while the
field test is a constant stress test. The acoustic emission from
a strain controlled test provides necessary material data, but
not data relating to the structural performance. With this in
ind it was ntresting to partipat na discusson with others
when Dr Holler from Germany stated that ductile fracture in
pressure vessels was not detectable by st emission. This
discussion did cause some interest, and it was shown that by
undertaking adequate pretest studies to eharacerise. he
material being tested, valid and useful tests resulted.

Dr P. Fleischmann of LNSA., France was one of the
keynote speakers and his address related to burst-type and
continuous AE signal analysis in a broadband frequency range
and its application leading to source characterisation. This
address included a theoretical model and some laboratory test

Vol. 13 No. 1 — 30

results on aluminium samples.

Dr T. Fowler of Monsanto Chemicals was one of the keynote
speakers, and he described the techniques and standards used
in his company’s application of AE, and supported these
statements with illustrations and results of the applied
technology.

Prof. Reg Hardy from Pennsylvania State University was a
Keynots spesker and he spoke about AE appied o Sesmic
luable
insight to e e vaod apaicaion. and demonsioted. he
validity of the testing procedures.

Mr H. Dunegan spoke of the now accepted need which
many of us are pursuing, that of linking AE and fracture
‘mechanics especially in pipeline and pressure vessel work. He
‘supported his address with both laboratory and field results.

Countries represented included England, France, West
Germany, ltaly, China, Korea, United States of America, Canada,
Japan and Australa.

A number of the reports came from laboratory studies
Invohing spocifc materils ond the AE ssecoeted wih the

formation_mechanisms operating in the usual
chanical (e, Other repors dtaled work and.resuls
relating 1o the more theoretical aspects of source activity
and AE generation. Wave propagation and some practical appii-
cations of AE were also included as a significant part of the
conference.
The Australian contribution involved applications of AE in
pipelines, AE equipment development, AE applied to seismic
and dam monitoring, production and evaluation of standards
associated with AE, 5 wel a5 invovemen in the ntematonal
AE Advisory Committee.

This Symposium has become a valued avenue for the
presentation of papers and the gathering of AE practitioners
from around the world. The rext symposium is planned for
October 1986 at Tokyo University.
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Noise Control—

A Locgl Gover"pgqr}jc Perspective

Barry P. Stow

Chief Health Surveyor
City of Waverley
Victoria

make it. English law has provided remedie

“thresholds”” below which a noise is not a problem.

ABSTRACT: Noise has been a source of.iritation between neighbours for as long as there have been people to
for settling disputes which have their origin in common law. Municipal
councils in Victoria have been involved in complaint resolution since their early days because of their statutory
responsibility to their local council to resolve neighbourhood complaints.
laws made under the Local Government Act, the Health Act, the Environment Protection Act and Common Law
provide remedies in case of noise nuisance. Al operate on the basis of acourt's definition of what is a “nuisance” or
“objectionable” or “unreasonable” except sections of the Environment Frotection Act which attempts to set

The inspecting officer can have a large bearing on the outcome of noise complaints and at Municipal level he is
the most important element in Noise control. Complainants o not like attending at Court.

LOCAL GOVERNMENT’S ROLE

IN NOISE CONTROL

Municipalities in Victoria have been involved in the resolution of
confiict between neighbours, and conflict between individuals
and the “community” since the drafting of the first Local
Government Act in Victoria. Victoria's laws were modelled on
those of England and continued the pracice of alloning
municipalities to control “socially undesirable” situations. The
following laws provide the statutory basis for Council’s e
ment in handling complaints, including noise complaints.

Local Government Act (By-Laws)
By-Law making powers under this act have enabled councils
make local laws controlling many types of situations,
including noise emissions. Noise nuisance is not new and there
are court records of noise litigation taken under by-laws going
back many vears. A large number of present day municipalities
in Victoria have by-laws to control noise, which include controls
over noises from blasting, shouting and haranguing, animals,
vehicles and plant, amplified music, etc.

Health Act
The Victorian Health Act obliges Councils to attend to
complaints concerning Nuisance (S.40-44).

In addition, under this Act, a person aggrieved by a Council's
lack of attention to a nuisance complaint, may complain to a

and any cost incurred may be awarded against the Council.

Environment Protection Am
The Envronment Protecion Act “allows” Councls to desl
with certain types of noise, pnm-!nlv "dom
does this by delegallng to Councils, the Police, ovammplamum
@ legal action in respect to “unreasonable”
: may bo unreasondble 1 any ime; however it
deemed 1o be unreasonable if it occurs outside the times
prescribed by a schedule which “allows” noise from lawn-
mowers, etc, during certain hours.

Bulletin Acoustics Australia

INCIDENCE OF NOISE COMPLAINTS

As an illustration of the numbers of noise complaints received
by Councils,
teceived by the City of Waverley in the period 1980-1983 in
the categories of barking dogs and general noise.

NOISE COMPLAINTS —WAVERLEY

1980 1981 1982 1983
Barking dogs. 39 106 116 158
General noise 87 116 84 124
TOTAL 136 222 200

(146) (213 (215 (216)

(Figure in brackets shows percentage of total complaints
received of all types|
Population — 125,000. Houses — 35,000. (1983)

It w.u ke noted from the table that the number ol “noise’”
increasing and this seems to be the trend
expunencsd by most Councils. In fact, the number of complaims
of all types received by Waverley Council is increasing so that

* noise is not the exception. The “general noise” complaints in

the table include complaints such as amplified music, noise
machinery, air conditioners etc.

The number and the type of complaints dealt with by the
Council can be compared with the numbers received by the
EPA, as disclosed by its last annual report [3] — many of these
are, of course, passed on to Councis. Figure 1 has been
extracted from the EPA report.

‘The other 52 councils in the Metropolitan area of Melbourne
would receive similar numbers of complaints to Waverley.

It can be seen from above that municipalities have been,
and are involved in dealing with community noise problems.
I expect that this will continue not only because of the
continuing existence of the legislation referred to, but also

le tend to see their Council as the first
point of contact for their complaints, whatever they are about.
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1980-81
(1195)

198152
(1629)

1982.83
(8s8)

Figure 1: Number and type of complaints
the Environment Protection Authority of Vi V‘ttww. 1923

LEGAL PERSPECTIVES OF NOISE CONTROL
T

precedent,
established by Common Law and Nuisance legis!

mentand “emissions” prescribed at a level that the environment
can cope with.

The law of nuisance is a fascinating portion of the English
legal system which harks back to the day: of antiquity. There
are in fact three types of nuisance: Nuisance at Common La
described as either Public or Private, and Slamlorv Nuisances.

‘These nuisances are commonly defined as

Common Law Nuisances

(a)Public Nuisance
ftmuat ffct the pubic t g

(b) Private Nuisar
An-act or emission connected with the use of land
which causes an interference to another person’s use or
enjoyment of his land. A single act can never be a
private nuisance, there must be either repetition or a
continuing state of affairs.

2. Statutory Nuisance
An act or emission which has been designated a nuisance
by some law.

COMMON LAW
w is law which has not been formulated as
Statutes by Parliament, but is the result of hundreds of years
of judicial argument and decisions. It is embodied in “Case
", The essential difference between Common Law and
Statute Law is that Common Law results from the legal action
of individuals or groups of individuals whereas Statutory Law
s designated as such by Governments.
In attempting to establish a nuisance, there are two factors.
which are important.
. The need for the complainant or aggrieved person to
establish that his occupation of his land is affected by noise.
2. The merits of the cas

Vol. 13 No. 1 — 32

PRIVATE NUISANCE
A private nuisance is a tort, which is a civil wrong for which
courts can provide a remedy, usually damages.

A privats misance s oné which ntrfores with a persorvs
tightful enjoyment of land or of some rights connected with it.
There must not only be an act or emission to cause a nuisance,
but also damage. Damage is usually either damage to some-
one’s property or unreasonable interference with
in the case of noise this could be brought about
by vibration, loss of sleep, interference with communication etc.
It'is of interest to note that a Private Nuisance action may be
brought to court only by the occupier of land or persons having
a requisite interest including owner/occupiers and tenants but
not relatives or visitors to the land.

The Courts have held that lo eslabhsh a private nuisance
exists requires proof of the followi

must be material ln(er'efencu with property or
personal comfort.
It is no defence for the defendant to show that he has
taken all reasonable steps and care to prevent noise.
The noise need not be injurious to health.
Temporary or transient noise will not generally be accepted
as a nuisance.
The Coun do ot sek o apply  fxed sandard of omior,
no defence to show that the plaintiff came 1o the
nusance.
 The Courts will not interfere with building operations
conducted in a reasonable manner.
* Contary o the genral ul i  law o for, malics may bo
a significant factor
It is important to ote tht any indiidua has a ight at aw to
“sue” for private nuisance, irrespective of any laws relating to
noise which may be on the Statute books.

PUBLIC NUISANCE

While a private nuisance is a tort, a public nuisance is both a
tort and a crime, punishable by law. The essential difference
between the two is the extent to which the nuisance affects
people.

Lovd Jusice Denring, who i pehaps the geates sy
on nuisance, when questioned on how many people were
needed to establish a public nuisance has said: “I decline to
answer the question of how many people are necessary to
make up Her Majesty’s subjects generally. | prefer to look at
the reason of the thing, and to say that a public risace i o
nuisance which is so widespread in its range, or so indis-
Ciminate i it ofoct, that 1 would not be easonable to
expect one person to take proceedings on his responsibility to
Put a 5t0p 10 it, but that it would be taken on the response of
the community at large.”

On considering this definition,
matters must be taken into account:
« The number of persons affected
« Trivial matters will not be considered
« Public nuisance may also be a private nuisance.

STATUTORY NUISANCE

A statutory nuisance has been held to be “one which, whether
or not it constitutes a nuisance at common law, is made a
nuisance by statute, either in express terms or by implication”
— Hailsburys Laws of England (4th ed. Vol. 34 p. 102), though
the Victorian Health Act lists a number of Statutory Nuisances
(Sec. 43) “Noise” is not included.

However, it has been held elsewhere (Ristevski v. Leung
16/2/82 Unreported) that the legislature intended the Health
Act (Sect. 40) to encompass koth common law and statutory
nuisanc

The Victorian Health Act is therefore a powerful means of
overcoming nuisances.

therefore, the following
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SOLVING NOISE NUISANCES

from Local Government's perspective is the council officer
responsible for handiing these complaints. Though all of the
legislation mentioned allows councils to prosecute offenders,
the number of court appearances is extremely rare. Generally,
most complaints are dealt with on the spot by the inspecting
officer who acts as arbiter in respect to compliance or non-
compliance with the statutes. Often the mere appearance of

for the more co-operative members of the community to “do
the right thing” by their neighbours. If this doesn't work,
recourse to letters requesting compliance or the service of
official notices, will obtain the co-operation of another segment
of offender.

In my experience, there is only a small percentage of persons
found in complaint handling who will not co-operate and

these require a process of education and attention which is
the bane of any council officer’s existence. The success of
inspectorial programs can be measured by the number of
sa

it is a measure of our approach at Waverley: that the rumeer
of appearances in court by council o ect to noise
uisances is minimal and would bs less than one percent of
thetoal of 4 conples handied

Of c s not to say that all councils adopt the same
attude towards complaint handling and often a council's
policy may be not to interfere in relations between neighbours.
This attitude is a product of area, for example, my experience
has been that the numbers of complaints received in country
areas, in all ies, is less than ived in i
areas, and this reflects the difference in community attitudes.

On the other hand, the very nature of the law itself deters
many people from complaining in the first place. Most people
have an aversion to appearing in court, perhaps imagining that
it will equate to something they have seen on television.

will be reluctant to re-appear within it, as invariably the com-
plainant places himself on “trial” along with the defendant.
People feel obliged to be represented in court which involves
considerable cost. Court administrations seem designed to
function to suit their own needs rather than those of the
publc usog them.
inspectorial work of adjudicating between neighbours
asa umm to complaints, can be a most unpleasant task;
it is thus often not a popular |nh. Sad to say, this often affects
an officer's approach to this work and his response to the
int. This task may be particularly frustrating
ifa council does not have  cear polcy on complaint handing,
the it i

nu) On the other hand, | would

Authority are overly complex and vnvanably force recourse to
noise consultants. This reat for consultants but it
oty oncouges & person pmmu with complits. A
complainant has |o be demmmm when it is necessary to
employ a consulant and o sofckor peforo being able to
procoed with s complaintat

The comploity of the EPA sanderds makes enforcement of
the law at municipal level difficult as the sophistication of the
equi quired makes it expensive to purchase and
maintain, and requires a higher skill o the part of the operator.
Noise complaints are only a relatively small proportion of
total complaints, therefore such equipment is not likely to be
fully utlised. | often wonder whether the level of sophistication
is warranted for the sort of complaint situations encmmtalud
Most complainants are reasonable, average people with a
reluctanca o complain, thor porception of & probiem and the
extent of concem in a neighbourhood is often as good an
indication as any s to the size of the complaint situation.

The policies adopted by the EPA aiso attempt to legalise
levels of noise because they prescribe an artificial threshold
which assum be aggrieved by noise up to
the level “allowable”. This may be fine ‘Dl the factory owners,
and may be justifiable in economic terms, but it could — if
the Health Act and common law did not exist — take away
the right of an individual to the enjoyment of his land and thus
create two levels of freedom, which is contrary to the very
foundations of our society. Recently at Waverley we had the
experience of a noise from s factory which was withn EPA's

ssible limits but which was the object of six complaints.
The local court accoptad tht 1t was-a misance uncer the
health act and convicted the offender.

The waditonal way of resoing ncse complins i for the
complainant to commence private leg: n for nuisance.

ussed carbr, hese deys most compk are either
ot financaly able or do not have the mcination 10" ake
matters into their own hands; however, those that do seem to
be relatively successful. There are the reasonably recent
examples in Melbourne of a squawking duck at Frankston and
noise_associated with the City of Doncaster Swimming
Complex. Surprisingly, although few cases get to court, when
they do, magistrates seem to be sympathetic towards com-
plairants and take, in my. exparonce, a reltively simplatc
view of what is and isn't a nuisance.

CONCLUSION
Noise nuisance is likely to continue to be a source of friction
within the community. Th fixation of strict guidslines and

its legisiative by, n
case the onis or sohiy g orcbams i lf 1 he offcr, who
may buckle at the strain because of the weight of vespondlhlllly
Conversely compiinens may be qule happy 1 complsn 1o
the council and expect action to be taken, but when the
council’s actions cannot resolve the problem and rocouwe is
required to the courts, they will refuse to take Dﬂl‘l In my view,
itis desirable that a dispute resolution e be established
‘which would enable the settlement of mlnmeluhbcur disputes
without the interference of the legal profession and the need
for neighbours to appear in court.

Another aspect of the resolution of Noise Nuisances which
is important is the use of technical equipment to assist in
evaluation of complaints. In the case of noise nuisances,
council officers make use of noise measuring equipment and
the comparison of relative sound pressure levels with standards
2s an aid to complaint resolution. This works simply and well
‘when community standards are set out as they are in Australian
Standard 1065 — Noise Emissions in Residential Areas. | have
found that this document is readily understood and accepted
Bulletin Acoustics Australia

s s not i

worked in the past but this effectiveness has been hampered
in recent years by a court system which has become inaccess-
ible to large sections of the community.

{Received 23 July 1984)
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% Recommended maximum intrusive noise levels, are,

for example:
Building Max. Rain Noise Level
o ot Space dB (A)
il ) Concert Hals 35
v e da Court Rool 40
3 Confere enoe Roo 45
= School Class Rooms 50
H Somn plogiortons cuassRoOMS Design Recommendations
g o ons 7 cha S
¥ I CONFERENCE ROOMS  Figure 2 summarises results of calculations of noise
2 oot o ) COURT ROOMS levels for various roof and ceiling treatments. Costs

P s concent was T square meter of ceiling/roof system installed are
[ obersopr also presented.
Sromilneag wd 2 Given the rain noise criterion for the building space,
S st Peded an appropriate ceiling system may be chosen from
e Clo oo cancrate rost 0.5
: o il
| References
| 1. Bureau of Meteorology Bulletin No. 49, 1974
© @ o (Tables 17A, 178, etc).
COST $/mt  VARATION £810/mt 2. P. Dubout, The Sound of Rain on a Steel Roof

COST  ANO EFFECVIVDAESS OF ROOF / CEILING SYSTEMS Jaum.' of Sound and Vibration (1969) 10 (1), ‘“-
W

N NOISE INTRUSION
Fig. 2

Summary of performance of various roof/ceiling

constructions (October 1983 costs).

At Peace...
We know noise.

PEACE ENGINEERING has special
oxclusively in the field of enginered noise
control products for well over 10 years.

Inthat time we have developed a vast
range of products o cater for most types of
noise problems.

We are ready to share that knowledge with you. A lelephone
call o our office or one of our agents will put you in touch with
Y pro-

¥
vide an obiigation free, written quotation.
Custom built press enclosures,

control rooms, pulsation snub-
bers, fan and blower silencers,

ments, we have the products
when it comes to noise control.

PEEAELE BERH
CONTROL

E=—=——== EQUIPMENT a ol

PEACE ENGINEERING PTY. LTD. 2120 MARIGOLD STREET, REVESBY 2212 (02) 772 4857, 772 4858, 774 1595

TP1.928
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TECHNICAL NOTES —

Measuring Hearing Loss

Macquarie University expertise and equipmont has
o pioneer a technique to investigate hear-
ing loss in chiidron in Australia.

The techriqus, known as transtympanic, slectro-
cochleography, has been in use overseas for some
{ime, bu the Jack of equipment and suitably qualified
personnel has precluded its introduction in Australia.

The technique is used in cases where a child's
hearing is impossible to assess using the more con-
ventional methods. It is particularly useful with child-
ren who are multiple handicapped, have severe beha-
vioural problems, are hyperactive or are frightened
and thereby incapable of co-operaling with medical

aff.

The technique involves inserting a needle electrode,
under general anaesthetic, through the eardrum and
into the close proximity of the cochlea (the hearing
organ of the ear).

he equipment consists of one part which records
™~ responses (electrodes, amplifiers, filters, averager,
display and pormanent - recording. devices), and. 8
separate part which provides the necessary souns to
evoke a response from the nerve of hea

The machine actually does Ihs heanng Cfor the
sound and
a compu!ev analyses 1 without the patient having 1o
co-oper:

The :hlld s response to sound is thus detected and
the technique provides an accurate picture of the
auditory function of the cochlea and the information
abtained helps to focate the.actual site of the auditory
dysfunc

The squlpmenl
records the audito
which assesses the integ; The’ nervous pathwa
to the brain. These two (ochniques ar mos: usetul
in cases where it is very important to investigate a
child's hearing when no other technique has been
successful. They are also useful in adults where
various oto-neurological conditions are indicated.

(From The Australian Physicist, Aug. 1984).

ulsah nlnmls ano\her function. It

dresponse,

Damping down factory noise

nash mechanical engineers have developed a

y ‘o substantialy reducing nolso lavels in the metal
fabrication industries.

Their noise reduction technique, which involves the
use of specially-designed absorbing devices which
convert mechanical vibrations into heat, has been
developed mainly to reduce noise in tank making
operations in which sledge-hammers are used to form
tank components from huge metal sheets.

But it can be applied equally as well to the reduction
of noise in rivetting operations associated with ship
and aircraft building and to the control of shipboard
noise.

Senior lecturer in mechanical engineering, Dr. Les
Koss, who has developed the noise reduction device
with the assistance of M.Eng. student Marcus Pandy,
says noise levels in tank making operations can reach
a peak of 120dbA.

By attaching the deceptively simple-looking absorb-
ing devices to the metal which is being hammered,
Koss and Pandy have been able to reduce the noise
Bulletin Acoustics Australia

level by six to 12 decibels, depending on the number
of absorption devices used
reover, as well as reducing noise levels when the
hammer strikes the metal, the noise absorbers elimi-
nate the shrill, persistent ringing sound that normally
follows impact of the hammer on the met
The absorbing devices are simple rectangular beams
with an_outer layer of steel on one side, strips of
rubber and steel on the other side, and a very thin
layer of rubber between to absorb the vibration.
have been tested on three different types of
tank cylinders. Two of the tests were carried out in
the department of mechanical engineering’s laboratory
at Monash; the third at the Brooklyn plant of Rheem
Australia
The aim now is to optimise the design. This will
involve a good deal of mathematical work to determine
how much rubber is needed and how the design can
be varied to achieve optimum noise damping effect.
Koss says the noise reduction technique can be
applied to any structure provided it is possible to
measure the structure’s “average admittance” (the
ratio of velocity to force) and an absorbing device can

“The vlhrsnng power flows from the end cap, cylin-
der, or whatever, into the absorbing beam and s dis-
sipated in the rubber,” h

“It is the same concept as matching a loudspeaker
to an amplifier. However, instead of doing it electri-
cally we're doing it mechanically over a broad fre-
quency range.”

Koss believes the technique could be useful for
noise reduction in rivetting operations and for the
control of shipboard noise, particularly noise in small
ships such as fishing trawlers, where the crew are
located very close to the engine room. In the latter
case, the absorbing beams could serve two functions
— as structural components and as noise absorbers.

—{From Monash Review, March 1984)

Future of the Compact Disk

recent seminar in the United Kingdom on digital
audio featured Bjorn Bluethgen, the head of special
technical assignments at Polygram in Hanover. Poly-
gram is a manufacturer of compact disks. According
to Bluethgen, the compact disk medium will be en-
hanced in coming years with a visual capabily. A link
between compact disks and television sets is in the
offing, allowing a display of toxtual mvovmuuon simul-
taneous with musical performance. stem will
also b capable of storing st piciures i full Golour
that change every 12 sec. as an accompaniment to
the mus
(From Oampuier Muslc Journal
o. 3, 1984)

FOR SALE

Bruel & Kja ision Sound Level Meter, Type
2209‘ Complete w-m Dchvo Filter, Tyre 1613,

h Microphone Type 4165, Calibrator and
Mlcraphone Extension Cable.
Also Bruel & Kjaer Accelerometer Kit Type 8301.
All'in good condition, For further details, write to
Mr. J. C. Shearer, P.O. Box 208, North Adelaide,
S.A. 5006, or telephone (ns) 338 1204,
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Technical Notes (Continued)

Use of Pre-1970 Accelerometers

uring a series of vibration measurements involving
mulle accelerometers a discrepancy was observe
in the fow frequency (<30Hz) measurement results
between different mudels of B & K Accslerometers,

Helicopter Noise in London

The control of helicopter noise in London represents
a success story in which the GLC, with only limited
powers, has been able to prevent a potentially major
problem from developing. By introducing a helicopter
“type” classification system based on noise emission
levels, helicopter noise exposure has been contained
within levels over most of London.

revealed a non-i n the
low frequency response of the carlior models of B & K
Accelerometers (models 4329 and 4334). The degree
of error was found to be dependent on both the mag-
nitude and frequency of the driving source and
appeared to excite a resonance in the 4-5 Hz region
Wm’! respect to a new

" of the NML revealed

that earlier B&K _accelerometers (pre-1970) used a

different type of piezoelectric material and the errors

rved would more than likely be the result of the
Piezoslectric. matarial ageing.

—Steven Cooper

es Madden CnDDal Atkins

Acousllcl! Consullunls. North Sydney

Electronic aid helps deaf to ‘feel’
speech

Deaf people will be able to “hear" with their fingers
using a new electronic aid which its creators believe
is be!ler than the bionic ear.
concept, called a speech feeler or “tickle
(alk was revealed yesterday at the Royal Victorian
Eye and Ear Hospital in Melbourne.

The new aid consists of a processor attached to

the hip, and wires attached to electrodes on four finger
rings.
The processor translates sounds into the electrodes
on the fingers, where the stimulation of the nerves at
the appropriate intensity tells the deaf person what
sound was made.

For instance, an “ess” sound would activate one of
the electrodes on the little finger, subsequent sounds
are Imnsmlned to other fingers and words become
discerni

One olme combined Eye and Ear Hospital-Melbourne
University team which has worked on the concept for
the past two years, Dr. Peter Blamey, said a child
would take at least slx months to be able to absorb
the “code”, but lip reading would also be helpful.

The “tickle lalkel” is believed to be the first method
in the world to allow deaf people to follow speech
through skin.

The research team believes the device could be used
for more people who get incomplete help with a normal
hearing aid or even a bionic ear, which is used to
stimulate residual hearing nerves ralhe! than the skin.

A standard hearing aid and the advanced bionic ear
introduced last year amplify sounds at different fre-
quencies, but if the sensory cells or hearing nerves
are damaged or destroyed no amount of amplification
can help the patient.

e team is led by Professor Graeme Clark, who
also pioneered the bionic ear in Australia six years

ago.

He said yesterday that the new aid could supplement
information received fror earing aid, or be used
for profoundly to totally deaf children too young to
benefit from a bionic ear.

The aid is expected 10 Increase the alertness of deaf
people because they will be able to “hear” sounds
even though they cannot see the source.

—Mark Hooper, The Australian, 22 Nov. 1984.
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The GLC's type classification procedure is not
meant to duplicate helicopter noise certification which
has been under consideration by the International
Civil Aviation Organisation (ICAO) for more than ten
years. Instead, the council's noise standard is meant
to reflect “local environmental needs". It is the noise
impact of the overall operation from a heliport that is
important to the local community so total noise ex-
posure becomes the important factor. Helicopter noise
exposure_has been expressed in terms of the Noise
and Number Index (NNI), which was originally de-
veloped for fixed wing aircraft and which finks together
average peak noise levels and the number of arcraft
movements. As noted by David Corfield in an earlier
edition of this Bulletin (Vol. 1, No. 1), Noise and
Number Index is not an ideal unit and has sutered
considerable ism even for its designed applica-
tion. to fixad wing aircraft, however, it is probably the
best indicator available.

All the signs are that noise exposure from heli-
copters will increase unless action is taken. World-
wide the rate of increase in the registration of heli-

completely out of the question for even the lightest
fixed wing aircraft. Unless the landing site is used
for more than 28 days a year, no planning consent is
required.

Progress on the introduction of helicopter noise cer-
tification is disappointing. The latest meeting of the
ICAO Noise Committee will recommend to the inter-
national authority that the proposed noise limits should
be relaxed by 3EPNB because, as one member put
it, of the economic situation and lack of technical
advance since the last meeting in 1979. Even so, hel
copter noise certification will in the long term go some
way towards encouraging the manufacture of quieter
helicopters which may be able to operate in cities
without unreasonable damage to the environment. Local
nolss limits will st be roquired in order to deal with
the environs of the heliport and, to a more limited
extont, naise problems throughout the route network.

The means open to local authorities, with respon-
sibility for environmental matters, to control helicopter
noise is limited in spite of recent amendments to the
CAA regulations which now give some rights to be
heard for those with objections on environmental
grounds to the granting of air transport licences. It is
the GLC’s policy to develop with the London boroughs
some means of dealing with complaints about noise
from helicopters (and aircraft) and for the continued
control of helicopter flights in urban areas. Perhaps
a special control zone could be set up in the frame-
work of air traffic regulations to protect sensitive
areas from noisy helicopters. The question of licen-
sing operations_ from short-term_helicopter landing
sites is also being actively pursued.

—John Simson

Scientific Services Branch, Greater London Council.
(From London Environmental Bulletin, Vol. 1 No. 3)
Bulletin Acoustics Australia



NEW PRODULCTS —

Programmable Personal
Noise Dosimeter and
Integrating Sound Level
Meter

hustralian Metrosonics

icrocomputer technology has per.
and-held

in accordance with a variety of acousti-
cal _criteria. roduces _accurate
answers to_complex measurements re-
uired in factories, communities and
test laboratories.

The db-307 is an outgrowth of Metro-
onics  microprocessor-based  Noise
Profiling Dosimeters, Universal Data
Loggers and L., melers. It measures
dBA,

3
s
2
3
]
E
€

noise _dose, projected
doso. and test duration.  The db-307 is
for use by industrial hygien-

com-

sire
single instrument for performing all of
their noise surveys.

membrane keypad allows touch-
control of all functions with an gt

alphanumeric LED display o provide
on-the-spot readout.
With “SND LEV" readout, the db-307

serves as a digital sound level meter
jts display four times’ por

the end of test, the L.
sgot. indicates. mighast ievel ot By
noise intrusion; the Ly readout inc
cates the peak pressure of blasts, sonic

ooms, or other imp:

With L., readout, the db-307 serves
eter for measuring com-
d lovel
operator accurately
and repeatably after the level converges.
o & constant velue, Luur and Ly can

e read during or after tes

The db-307 can be qulckly program-
med for any exposure criteria. It pro-
Vides readings of both noise dose and

e There is no need to resort to

simple to_calibrate, by merely applying
acoustical calibrator and adjusting

Sensiiity 10 read the calbration. level
the “SND LEV" displ

The db-307's grestest convenience is
its ability to compute 8-hour dose ater
monltoring a representative samplo of
time-varying noise. The user does not
have to separately measure elapsed
time and then perform auxiliary com-
putations 1o estimate 8-hour dose.
307 is housed in a rugged

lightweight aluminum extrusion which is
brush finished and_anodized o with
stand field_environments. The housing
also protects against RF interference.

The entire db-307 is watertight and
will even withstand complete immersion
in water for short periods. The captive
Bulletin Acoustics Australia

microphons extension cable s sealed
ageinst waler ponetration, s

B & K Application

entio:
reter on the top panel. The db.a07 can
be confidently used to gather data and
display its results in mines and other
adverse environments.

urther_informationfrom_ Australian
Melrosonics, &7 Lorraine. Drive, BUR-
WOOD EAST, VIC. 3151, Telephone:
(03) 233 5889.

New B &K Noise Level
Analyzer

new selt-contained portable Noise
Lovel Analyzer introduced by Bruel &
Kijaer offers a wide
for_accurate on-site_analys com-
muity noise, airport and traffic noise or
any other_acoustical event  requiring
accurate measurements and_extensive
statistical analysis of collected data
Bruel & Kjaer Type 4427 Noise
Level Analyzer represents an innova-
tive design concsp, complying wih the
relovant sections of IEC 651

Sound Lovel Notor Speck
fication Type 0. It permits fast, user-
friendly dialogue selection of instrument
settings and provides data_callection,
slorago, level analysis and print-out in

nee
ticated dataprocessing facltes " incor-
orated in the 4427 allow comprehen-
S front-ond procossing of Signat o
The detector circult provides F. S,

and Peak plus M imal.
pogel Tossonses. in.parallel with- True
Linear 15 L., rosponses. A built-

EG/IEEE” o “optional ‘RS-282C
munication Interface

remote _set-up
zame easa a3 opsrating the fontpanel
eypad.

The LMS detector dynamic range of
11048 ensures that no- information
from the input signal is lost, and a
wide range of levels can be measured
with extreme accuracy.

A builtin graphic printer llows ulty
annotated permanent
made on metallised paper.

Pow s, the Noise Level
Anayeer olies. m.s umque combination
atures in a compact unit ideally
Suited for fied oporaton
Furtner information_trom_ Bruel &
Kiser, P.O. Box 120, CONGORD, N.SW.
BI85 Tetaphene. (02) 736 1755

032/34

g
Analyzer Capabi

& Kijaer introduce the BZ 7006,
an Application Package for the Graphics

Z 7006 to include fully annotated and
documented plots of the Analyzer dis-

luding the measurement and
lisplay set-ups; envelopo analysi; and
J% and 1 octave display

play up to 34 difarent functions directly,
without the nee programming,
both during and after a measarement
" raster-scan display offers

ot line resolution — twica . resolu:
n of a conventional 400-line analyzer
wm. extremely powerful and flexible

©The-B2 7006 in combination with the
Ttpe 2313 Graphics Recorder provides
jocumentation _possibilities

Clude. ful-page compleicly annotated
plots of the Analyzer display and super-
imposed displays and/or plots of two
signals. Other possibilities include en-
hanced line width for easy identification
of superimposed and normal ~ plots,
addition of personal text to dual-formal

octave form, which allows simple and
gomprehensive comparison of specira,
Envelope Analysis, tate-of-the-art

ectrum of the envelope. Other
applications include fault detection_in

r data using_the
& K Digital Cassette Recorder Type

An’ additional feature is the ability to
make a hard-copy plot of octave data
in either the user-selected format or in
the 1S0-recommended format
Operation of the BZ 7006 is deter-
mined by a set of 22 user-defined para-

Vol. 13 No. 1 — 37



New Products (Continued)

Vibration Meter for
Marine Environments

For vibration measurements on-board
ship and in other applications where
resistance o moisture ingression is
desirable, Bruel & Kjaer has developed
8 weter-protected varsion of the hand-
held "generalpurpose Vib
Type 2513. The ne

t

w N
Klear Vibration” Weter Tope. 2515, i¢
particularly

suitable for _predictive
pumps, engines. and

is doally sulted for_vibration severity
measurements and condition monitor-
ing of engines in harsh environments,

performed by operators without exten-
sive experience in measuring proce-
ures

The Type 2518 gives a true AMS
indication of wide-band vibration velo-
city from 0,01 to 100 mm/s in three
measuring. rangos.  Results are  dis-
played on a clear,

Stts “ihermometer”- hpray. 1t s &
light, compact, yet accurate instrument
for day-to-day vibration measurements
in marine environments. The Vibration

K Delta:

Meter is equipped with

hear® Accelerometer Type 4368 which
is connected lo the Meter using a co-
axial cable ture- and splash-

i
prool adaptor Suppied with he Instru-

B.&K
ogener wity i
a new integrated family of noise meters
— the GRL 2.22 Leq series

Designed under a British Department
o Indusiry MAPCON grant, e CRL 222
has aiready been chosen by the Open
Uivarary Tor wse in e acoustic part

of the new “Environmental Control and
Public Health” course and plays a sig-
niffcant role in it Now, Cirrug Research
ioned a new_technology

alf inch)

e 2.
Sound Exposure Level is also,fited 50
that the noise dose individual
Workers can b, mossurod on s Grect
energy scale.

CRL2.22

‘Alhough the is a normal

With a micro-computer plugged into the
‘Computar” outpu, o provide memo;

working_da
of over 100,000 values.

Software for the CRL 2.22 is available
on cassette or disc and is fully user
Irlondly and guides the operator with &

imole menu option.

with a maximum_ storage

For furthor detal
Davidson of M. &
Y. P.

Is contact Mr. Kevin
& K. J. DAVIDSON
Box 4, OAKLEIGH,

Si68, Ter: (08 568 1086, Fally
quelified engineers are available to dis-
cuss all applications.

SYDNEY 428-1388
NEWCASTLE 64-8417

WHY DIDN'T | THINK OF THAT!

: a system that solves both problems of
ACOUSTIC ABSORPTION AND SOUND TRANSMISSION LOSS
AND IT'S SO SIMPLE

MINISTRIP AUDIBAR
Contact the CHADWICK GROUP for more

FAIRY MEADOW 84-1500
MELBOURNE 429-9111

information

CANBERRA 97-3366
BRISBANE 52-7822
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BOOK REVIEWS —

Mikrofon-Aufnahmetechnik
(Use and Placement of Microphones)
by Michael Dickreiter
S. Hirzel Verlag Stuggart, 1984,
139 pp., 157 diags. & tables, DM48.
ISBN 37776-0388-0.

roper use and placement of
microphones for activities ranging from
speech to choral items and from e
sembles to orchestras, is usually con-

k_addresses

ot more
phones.

cuss the fundamentals of sound Wi

acoustics. The discussion on

oom acoustics considers bot

and reflected sound, and then after dis-

instruments, woodwinds,
ments,  percussion  Instruments.
ncluding the piano, and spesch and

Fhe-next group of chapters discusses
the | characioristics - of hones

v Slereo systems which
also considers the effects of different
arrival times of acoustic signals at
microphones and the use of ‘artificial
sos some of

] built up_in all
the precading sectons s put fogelher
to_show how microphones should b
Flaceq oral e difevent types of

lace microphones for
the best effect. The fact that the book

useful information_without needing_to

amounts of text
ROBERT W.

into
HARRIS
Proceedings of Noise-Con

translate  large

Norss Control Foundation,

£0. Box 3469, Aringion
Poughkeepsie N.Y. 12603.
Price: $US42
Ed. R. Lotz

1983 National Conference on

noise control _engineering was _hel
21-23 March, 1983 at the Massachu-
setts_Institute of Technology with
theme "Quieting the Noise Source”. It
is perhaps unfortunate that this volume
of proceedings has been passed on for
Bulletin Acoustics Australia

Branch,

review 50 late as the Conferance will
have boen two years previous by the time
the reader has ordered his copy. Never-

noise, fan noise, buf also in e less
referred areas e.g. printers. Some
papers ar vory specialised and may

only relevance to one-off con-
Sulting problems. 9. predicting notse
from printer
of the technical sessions titles
number of papers in each is
Valves and Orifices (5);
Other Mechanisms (6

Other Sour

and Turbomachines
ors, ;
(8); T
Combustors
Machines (4).

Roai Intersction. Bumers and
trial  Forming

—John Dunlop

INDEX
Volume 12 1984
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Australian Acoustical Society
Annual Conference 1985
“Motor Vehicle and Road Tratfic Noise”

The Australian Acoustical Society Annual Con-
ference will be held in Leura, in the Blue Moun-
tains, west of Sydney, from 24th to 26th November,

1985, Both imvted and contributed papers will be
presented. Workshops, plenary sessions an
technical visit are proposed. A call for papers. wlII
be circulated in February, 1

For further information plem contact Anita
Lawrence, Graduate School of tho Built Environ-
ment, University of P, 1, Kensing-
o NS, 303 (02) 697 4850, or Leigh Konna,
National Acoustics Laboratory, 5 Hickson Road,
Millers Point, N.S.W. 2000 (02) 20537.

The Conference has been timed backto-back
with WESTPAC I in which will_be
pariiuiarly benefcial for mersiats delegates. The
Group Development Division of World Travel
Headquarters is making all domestic and inter-
national air travel arrangements, as well as
arranging accommodation in Hong Kong for Aus-
tralian Acoustical Society members and friends.
Travel discounts will be available for a group
departure from Sydney on Wednesday, 27th Nov-
ember, 1985,

regarding these

Back Issues

A limited number of back issues of the Bulletin are
available. The cost, including surface post, is as
follows:

Prior to Vol. 10: $A3.00 per issue
Vols. 10, 11: $A5.00 per Issue (or $A12.00 for 3 issues)

Copies may be ordered from: Mrs. Toni Benton, C/-
School of Physics, University of New South Wales,
P.O. Box 1, Kensington, N.S.W. 2033,

ADVERTISER INDEX

Bradford 2
Bruel & Kjaer i
Chadwick 38
Industrial Noise Control 3
Kell & Rigby 40
Metrosonics 8
Peace i 34

For
please contact the Group Development Buson
World Travel Headquarters, 33-35 Bligh Street,
Sydney, N.SW. 2000 (02) 237 0300 as. early as
possible.

Readers are asked to mention this publication when
replying to advertisements.
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8 Dunlop Street, Enfield, N.SW.
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FUTURE EVENTS —

1985

May 68, HELSINKI

Fourth Inlcmnhonal Symposium on
Hand-Arm Vil

Details: Dr. ykko, Institute of

: P

Occupational Heath, Department _of
Physiology, Lu/mmynm 1, SF-01620
Vantaa 62, FINI

June 3-5, U.S.A.

NOISE-CON '85

INGE/USA_National _Gonference on
Noise Control Engineerin

Jhems: Computars for Noise Control.
Details:_Prof., R. Eng.
Dept., Onio_Stato umvm:ry, zas West
18th St., COLUMBUS, OH. 4

June 3-6, ILLINOIS, U.S.A.

Eighth International  Conference on

Iniernal Fiiction and Ulirasonic. Atienu-

ation in

Deadline for abstracts: 15th February,
1985.

Details: Secretariat: Mary Dean, Dept. of

Motailroy “and Mining. Enginoering,

West ‘Green St, URBANA, IL.

5180

© June 17-21, SYDNEY
HEARING AID CONFERENCE

Now Natinal Acoustc. Laboratoris.
Detais: Phone (02) 2-053

(See Aust. News this lssu!).

August 4-9, MANCHESTER
International Congress on Education of
the Deaf.

Details: Prof. Taylor, Dept. of Audi-
ology and Education of the Deaf. The
University of Manchester

August 26-29, GREECE

Sth FASE Symposium on “Inte-
grated ~ Acoustical ~Environment
Design”

Organised by the Hellenic. Acous-
tical Society jointly with the Acous-
tical Society of Yugoslavia.

Defll/x from: E. Tzekakis (5-FASE-85)
5, Agiou Seraphim Str., 546 43

Thessaloniki.

August 29-30, SINGAPORE

ACHIEVING A BETTER ACOUSTIC
ENVIRONMENT

Topics Physical Acoustics, Oral Com-

Dot Ganioronce. Socsotaria, 1 Mari-
time Square No. 09-22, World Trade
Centre, Singapore 0409.

(See Intnl News this issue).

September 18-20, MUNCHEN,

GERMANY

Enterprise 85. Organised by VDI,

MUNCHEN.

Details from: Prof. E. Zwicker, Institut

lu! Ela)mankuslrk der Techischen LInI-
t Munchen Arcisstr. 21, 8 Mun-

September 10-20, MUNICH

INTER-NOISE 8¢

Lot Internaional Conference on Noiss

Control Engineering.

Dotais; INTER-NOISE viat,
Dt-Kommission, Lammindorung,
D-4000 Dusseldorf 1,

Foderal Republis of Germany.

September 23-25, SENLIS,
FRANCE

2nd_INTERNATIONAL CONGRESS ON
ACOUSY\C NTENSITY:
Details: M. Brockhoff,
BE57 gm0 Sonis, France.
(See intnl News this issue).

September 24-27, CRACOW,
POLAND

CETIM,

NOISE CONTROL '85
International Conference.

etails: Noise Control '85 Institute 0/

hanics  and . Vibroacoustics,

Miskiomicea 30.50-088 aasom, Soland.
October 1-4, HIGH TATRA,
CZECHOSLOVAKIA
24th Acoustical Conference on
“Building and Room Acoustics”.
Secretarlat: House of Technology, Ing.
L. Goralikova, Skultetyho ul. 1, 83227,
Bratislava.
October 15-25, ITALY

Utrasonle mathods in evaluation of
Inhomogeneous matarils. NATO' Ad-

iopi,_Istituto di Acustica
o VY Cassia, 00185 Ao

(See Vol. 12 No. 3 p. 105).
e October 23-25,

November 28-30, HONG KONG

WESTPAC 1l

cond  Western _Pacific  Regional
Acoustics Conference.
Theme: Developments in Acoustics in
the Western Pacifc Region.

Details: Organising C
at, WESTPAG 11 o/- Division
fime's: Short Caurse Work Hong kong
Polytectnic,  Hung Hom,  Kowloon,
(See Vol. 12 No. 3 p. 105).

December 2-6, HONG KONG
POLMET '85, Asla & Pacific Regional
Conferenc

“Pollution in the Urban Environment”.
Datals: Tho Secterariat, FOLMET 85,

& Wyndham St First Fioor, Centra,
HONG K

December z -6, CHRISTCHURCH
1985 AUSTRALASIAN CONFERENCE
ON COASTAL & OCEAN ENGINEERING
'he Conference Convenor, 1985
x 8074,

otstar Canierancer” P
Christchurch, New Zealand.

1986
April 811, TOKYO

INTERNATIONAL _ CONFERENCE _ON
ACOUSTICS SPEECH & SIGNAL PRO-
SSIN

Detals: Prof. H. Fujisaki, General Chair-
man of ICASSP 86, Dopt. Electronic
Eng. Univrsiy of Tokyo, Bunkyo-ku,
Tokyo, 113 Jap

(Soe inl News ths issue).

May 12-16, CLEVELAND, U.S.A.
Meeting of the Acoustical Society
of America.
Ch.mmln Arthur Benade, Case Wes-
lern  Reserve umverslry Physh:; De-
Vl"mllll Cleve
May 1986, W|Ezch, POLAND
3rd International Spring School on
Acoustoopics and Applications.
Organised by the ' University of
G

nsk.
Details iram: Prof, 4. Sliwinski, Uni-
Wersytet Gdanakl, Instytut fizyk Dosw.
Wita Stwosza 57, 80- nsk.

July 5—11 GYOR, HUNGARV
6th

CONCRETE '85

iThe Performance of Concrete and
Masonry_Structures”.

Details: The Conference Manager, Con-

crete 85, The Institution of Engincers,

Australia, 11 National Circuit, BARTON

AC.T. 2600.

November 4-8 NASHVILLE
Meeling of the Acoustical Society of

Robert W. Benson, Bonitron
zm Sidco Drive, NASHVILLE,

@ November 24-26, LEURA, NSW.
AAS ANNUAL CONFEREN

“iotor Vehielo and Foad 1raifc Noise”,
Details: Prof. Anita Lawrence, Schox
the, it Environment, University of
W. 1,' KENSINGTON,
[SIW, 2030, Tol: (07) 697 4850.

(See Vol. 12 No. 3 p. 88).

nw Evaluanan of
Acoustical Phenomend
Secretariat to be announced.

July 24 - Aug. 1, TORONTO
12th ICA

omecnve

Detals:
Station
(See Vol. 12 No. 2 p. 61).
® October, TOOWOOMBA
Conference on Community Noise.
Sponsored by the Quoensland Division
atement and the Australian
Acoustical Sociey.
Topic: Community noise and the inter-
action of legislation and the legal sys-
tem, planning and community education,
iis: Ms Nola Eddington, Division of
Noise. Abatemant, 64-70  May " Strest,
BRISBANE,
(See Aust. News this issue).

2th_ICA Secretariat, Box 123,
Toronto, Canada M4T 2L7.
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