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President's Letter
E e T

Dear Fellow Member

My term as President is nearly over —the two years seem to bave flown! The period bas seen major
changes for the Institute including the move to our new bome in Agriculture House, St Albans. This bas
been a great success, engendering a feeling of a real ‘home’ for the Institute. There is quite a different
atmosphere to the Council and commiltee meetings beld there — baving the staff, office faciliies and infor-
mation to band makes for more effective and speedier decisions.

In my first President’s Letter I identified four key issues for the Institute —meeting the professional and
technical needs of members in difficult economic times through our meetings programme, ensuring effec-
tive communications, enbancing our professional standing and continuing to play a role in the develop-
ment of the engineering profession.

Although the frequency of formal meetings bas been reduced, in terms of quality and relevance they
continue to be bighly successful with record attendances at some of our major conferences. There is no
doubt that the Bulletin has gone from strength to strength over the past two years, thanks to the efforts of
all concerned — contributors, advertisers, editorial team, advertising agent and the in-bouse DIP staff.

We bave set up mechanisms for responding more consistently to legislative and regulatory consullations
and through the European Acoustics Association we bave strengtbened our standing among our fellow
European national societies. We bave been able to maintain our role as an Engineering Council nominated
body, an issue which bas demanded much of my attention over the past two years to the detriment,
perbaps, of other Institute activities. It remains Council’s belief that we sbould take care to play our full
part in the development of the profession during this time of change for engineering in the UK.

There are issues that still demand attention. Regional branch activities, the development of the Institute's
library and information services and the recruitment of student members are among them.

In my work as President I bave been supported admirably by Council and, in particular, by the Hon
Treasurer, and my colleague at Salford, Geoff Kerry, whose tireless devotion to the Institute’s well-being
is unequalled. Finally, may I express my special thanks to all at the Institute office for making my term as
President enjoyable. At Salford I shall band over ibe chain of office to Alex Burd; I hope to continue to
serve Council by taking over the stewardship of the Engineering Division from Vice-President Peter Lord,
who retires from Council this year.

With all best wisbes.

"o (Ohee be
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DAMAGE TO BUILDINGS FROM VIBRATION -
'REFLECTIONS ON CURRENT CRITERIA

David Malam MIOA

Background

Vibration in buildings can disturb people and occo-
sionally cause them to worry that their property is being
damaged. Whereas work on the effect of vibration on
people carried out before the second world war is still
referenced in current literature 60 years on, the picture is
different when it comes to the effect of vibration on the
building structure. There appears to be a lowering of the
'acceptable' value, the more recent the publication, as
pointed out by New [1]. Furthermore, while acceptable
levels of vibration for people are generally agreed
throughout the world, there is no such ogreement for
building tolerance levels. Even dllowing for different types
of building construction, different building codes and dif-
ferent ground conditions, it appears that crossing nation-
al boundaries, suddenly gives rise to different criteria.
There is agreement on how building vibration should be
measured in 1SO 4866:1990 {2], after many year's dis-
cussion, but agreement on what everyone wants to know
— acceptable levels — remains some way off.

The British Standard Committee — GME/21/3/2 -
responsible for drafiing guidance on this subject for
application in the UK, began to consider the need for a
national standard in this area in the early 1980s. The
problem as then perceived was that codes developed in
other countries were being used extensively in the UK,
when the databases supporting European codes were not
accessible or no better than the UK data. It was the gen-
eral view of practitioners that some standards were too
conservative and imposed an unnecessary economic pen-
alty on industrial activity in the UK. It was also con-
sidered that the effects of vibration on people and build-
ings were confused.

A British Standard has now been developed which
addresses the effect of groundborne vibration on build-
ings. This Standard — BS 7385 : Part 2 : 1993, [3] - was
prepared in two stages, Stage 1 being the collation,
expansion and evaluation of the available UK database,
and Stage 2 being the preparation of the Draft BS in the
light of international data and experience.

This article considers the scope of the UK stondard,
the data study supporting it, what it recommends and
how it compares with other {mainly European) standards.

Vibration-induced Damage
Vibration-induced damage can arise in different ways,
making it difficult to arrive at universal criteria which will
adequately and simply indicate damage risk. Damage
can occur directly due to high dynamic siresses, due to
accelerated ageing or indirectly when high quasi-static
stresses are induced by, for example, soil compaction.
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BS 7385 : Part 2: 1993 considers only the direct
effect of vibration on a building, since the other mech-
anisms are different. National standards in some Euro-
pean countries may include consideration of indirect
vibration effects, which may partly account for differ-
ences between criteria.

For the purposes of BS 7385, damage is classified as
cosmetic (formation of hairline cracks), minor {formation
of large cracks) or major (damage to structural ele-
ments). Guide values given in the new BS are associated
with the first category only — the threshold of cosmetic
damage - usually in wall and/or ceiling lining matericls. -

It iouH be appreciated that all buildings crack due
to many causes such as heat, moisture, seftlement, occu-
pational loads, pre-stressing forces, material creep and
chemical changes. Any change in cracking rate or crack
length will only be detected by careful inspection before
and after {at the same time of day) the imposed vibra-
tion. Age, building condition and evidence of alterations
are some factors to consider in assessing natural crack-
ing. The problem is that domage due to these other fac-
tors may go unnoticed for some time, but becomes attrib-
uted to external vibration, which is as an unwanted
infrusion into the houseowner's privacy. If the vibrafion
magnitude is above the human annoyance threshold, a
houseowner becomes naturally concerned about possible
damage fo his property.

Case History Study in UK

An attempt was made by the BSI to assemble and assess
data which was already available in UK reports. Infor-
mation on the vibration source, the measured value
(including position, frequency and magnitude), the build-
ing type and any comments regarding damage, where
applicable were collected.

The sparsity of actual damage data became apparent
even though 453 organisations were contacted [4]. The
data collected was of variable quality and completeness
which might be expected from information originally
recorded for a variety of reasons and using different pro-
cedures. Blasting and piling were the most common
sources of vibration to be measured and itwo storey
domestic buildings were the most prevalent building type.
In most cases structural surveys were not carried out
before the vibration occurred, because of the cost
involved and the fear of arousing public suspicion and
anxiely, so that it was often difficult to substantiate the
cause as vibration. It is sometimes cheaper, and more
acceptable from a public relations point of view, for a
company to settle small damage claims rather than ques-
tion their validity.




Academic Press

THE ACOUSTI

THE ACOUSTIC BUBBLE

T. G. Leighton

Institute of Seund and Vibration Research, The University, Southampton, UK

The wide range of important applications concerning the
acoustic interactions of bubbles necessitates a book of this
form which, using analogy, description, and formulation, gives
a ‘physical feel' for the phenomena, whilst also providing
thoroughly for mathematically adept readers. Topics, drawn
from a variety of disciplines, include:

+ Bubble and cavitation detection
» Bioeffects of clinical ultrasound
* Oceanic bubble populations
* Sonochemistry
+ Ultrasonic degassing
*  Weather sensing
There is also an extensive bibliography.

CONTENTS: The Sound Field. Cavitation Inception and Fluid Dynamics. The
Freely-Osciliating Bubble. The Forced Bubble. Effects and Mechanisms.

Hardback, 0-12-441920-8, 6§72 pp, November 1993, £95.00

NOW IN ITS FIFTH EDITION

TABLE OF INTEGRALS,
SERIES, AND PRODUCTS

L 8. Gradshteyn & I. M. Ryzhik
Alan Jeffrey, Editor
University af Newcastle Upon Tyne, UK

This volume, which contains nearly 20,000 formulae for
integrals, sums, series, products, and special functions, is the
major reference source for integrals in the English language.

Key Features of the Fifth Edition:
+ Includes hundreds of new entries, all checked where
possible using Mathematica®/Maple Ve
+ Features expanded sections on special functions and
orthogonal polynomials
» Contains greatly expanded tables of Laplace and Fourier
transforms
+ Presents Mellin transfarms in the section on integral
functions
+ Provides new results on Riemann zeta functions
CONTENTS: Introduction. Elementary Functions. Indefinite Integrals of
Elementary Functions. Definite Integrals of Elementary Functions. Indefinite
Integrals of Special Functions. Definite Integrals of Special Functions. Special
Functions. Vector Field Theory. Algebraic Inequalities. Integral Inequalities.
Matrices and Retated Results. Determinants. Norms. Grdinary Differential
Equations. Fourier, Laplace and Mellin Transforms. References.

Hardback, 0-12-294755-X, 1204 pp, December 1993, £40.00

CS PUBLISHER

| BESTSELLER
ACTIVE CONTROL
OF SOUND

P. A. Nelson and 8. J. Elliott

Institute of Sound and Vibration Research, The University, Southamptoen, UK

This bestselling book describes modern techniques for reducing
the level of airborne noise through the introduction of sound
radiated by additional ‘secondary’ sources. It is essential for
both those seeking a basic understanding of the subject and as
a reference for researchers in the field.

CONTENTS: An Introduction to Acoustics. Frequency Analysis. Linear
Systemns, Digital Filters, Interference in Plane Wave Sound Fields. Single
Channel Feedforward Control. Single Channel Feedback Control. Point
Sources and the Active Suppression of Free Field Radiation. Continuous
Source Distributions and the Active Absorption of Free Field Radiation. Global
Control of Enclosed Sound Fields. Local Control of Enclosed Sound Fields,
Multi-Channe! Feedforward Control. A Little Linear Algebra,

Paperback, 0-12-515426-7, 480 pp, 1993, £24.95

BESTSELLER

ELECTRONICS, NOISE
AND SIGNAL RECOVERY

A Volume in the MICROELECTRONICS AND SIGNAL
PROCESSING SERIES

E. R. Davies
Machine Vision Group, Reyal Holloway, University of Londen, UK

Taking two main application areas as extended case studies —
radar and magnetic resonance — this book gives substance to
the sometimes subtle methodology of the subject. With its
coherent treatment, detailed analysis, and comprehensive
references and bibliography. it will be an invaluable text for
the practitioner, as well as providing the student with a basic
knowledge of the subject,

CONTENTS: Part |: Electronics, Transistor Amplifying Devices. Circuit
Building Blocks. Current Sources and Current Mirrors. Common Base and
Cascode Amplifiers. Negative Feedback Sinusaidzal Oscillators, Operational
Amplifier Applications, Operational Amplifier Design. Stabilised Power
Supplies. Part 2: Noise. Noise and its Origins. Noise in Amplifying Circuits.
Part 3: Signal Recovery. Introduction to Signal Recovery. Signal Recovery
Using a Lock-in Amplifier. Signal Averaging Techniques. Matched Filtering
Techniques. Radar Magnetic Spin-echo Systems. Detection of Radio Signals.
Advanced Topics in Signal Recovery. Signal Recovery and Image Processing.
Putting it afl in Perspective. Appendices.

Paperback, 0-12-206131-4, £24.95
Hardback, 0-12-206130-6, £49.95, 1993, 346 pp.

For more information on these and other titles contact Moira McClatchey at the address shown below

Academic Press
24-28 Oval Road, London NW1 7DX, UK. Tel: (0)71-267 4466. Fax: (0)71-485 4752



Only 5 of the 16 claimed cases of damage were
thought to be directly induced by vibration, with some
uncertainty still remaining for several of these. This lack of
reliable damage data in the UK prevented definite guide
volues being drawn directly from the study except that it
tended to support the view that there is greater risk of
damage occurring above say 15 mm/sec ppv.

Although the UK database was limited, enquiry
revealed no more substantial data supporting other Euro-
pean codes which gave quite definite guidance. The
Committee decided therefore to continue with the prep-
aration of a Draft BS, taking account of relevant UK and
international experience, including the results of system-
atic field studies [5, 6], in the UK.

Development of BS 7385 : Part 2 : 1993
BS 7385 : Part 2 deals with ground vibration from sourc-
es such as blasting, piling and other construction activ-
ities, machinery or road/rail traffic. Guide values for
building vibration are based on the lowest vibration levels
above which damage has been credibly demonstrated.
The Standard covers the characteristics of building vibra-
tion, factors which influence response, measurement pro-

Standards
———

cedures, and assessment of measured vibration against
guide values.

Excluded are the movement of loose objects within or
on buildings, sensitive equipment or human tolerance,
special structures such as tunnels, pipelines, chimneys
and bridges, the effects of earthquakes, air overpressure,
wind or sea actions. The levels of vibration at which
adverse comment from people is likely are below levels of
vibration which damage buildings, except at lower fre-
quencies, which could account for the downwards trend
in limits as people have become more environmentally
aware,

The recommended measurement location is at the
entry point to the building, and the standard applies to
vibration transmitted through the ground from outside the
building and not to internal sources. Peak particle veloc-
ity has been used to characterize structural vibration
because it is the best single descriptor for correlating with
case history data on the occurrence of vibration-induced
damage, and it has a reasonable theorefical basis [1, 7].
Early research of a systematic nature [8, 9, 10] indicated
a ppv limit for avoiding vibrafion-induced damage in the
range of 50 — 75 mm/sec (2 — 3 in/sec, in fact). The

99

L] UK Dataset {1988}

Damage Cases Cumulaﬁve)
Total Ne. Cases ratio

o0

80

70
(USBM

60

50 Less credible

UK Damage region
(no pre—exposure
inspection)

Damage Probability %

30

20
Good agreement in this region

10

10
Ll

~—— Best straight line
for threshold damage
(USBM overall data}

~—— LOCUS of data points

'method of halves' applied twice to improve
the factor of safety to the lower end of this
range results in 12 mm/sec, which is the UK
opencast individual blast vibration limit [11]!

Since case-history data, taken alone, has
so far not provided an adequate basis for
identifying thresholds for vibration-induced
damage, data from systematic studies [5, 6,
8-10, 12-14] using a carefully controlled
vibration source in the vicinity of buildings has
been used as the basis for defining damage
thresholds. The vibration levels suggested are
judged to give a minimal risk of vibration
induced damage. Data from the US Bureau of
Mines (Siskind et al [12]), which is a sub-
stontial and credible review of data at high
magnitudes, suggests that the probability of
damage tends towards zero ot 12 mm/sec
peak component particle velocity. This USBM
dataset indludes data from USA, Sweden,
Canada and Britain for mainly blasting vibra-
tion and is notable in that it is all analysed sta-
tistically. This data is shown in Figure 1, where
the data from the UK cumulative distribution is
overlaid on the USBM dataset.

A frequency-based vibration criterion is
given in the Standard because the relative dis-
placements associated with cracking will be
reached at higher vibration magnitudes with
higher frequency vibration [15]. The dominant
frequency to use for the assessment is that

overall data)

IN/sec

Lt | 1.3 )
1

100
Particle Velocity

compared with USBM overall data

Fig. 1. Damage probability derived from uncorrelated UK data

associated with the greatest amplitude pulse.
Limits for primarily transient vibration, above
which cosmetic damage could occur are given
numerically i Table 1 and graphically in Fig-
ure 2. In the lower frequency region where
strains associated with a given vibration veloc-

#0 mmfsec
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ity magnitude are higher, the

guide valves for the building Line Type of building Peak component particle velocity

types corresponding to line 2 (mm/. 5);3&39“9"‘:7 rlange of

are reduced. A 50% reduction precominant pulse

in guide values is proposed ] Reinforced or framed structures 50 at 4 Hz and above

(Unsupported by data, but Industrial and heovy commercial

based on common practice buildings

[16]} for continuot:ls vibrcﬂi?n:\ to 2 Unreinforced or light framed 4Hzto 15Hz | 15 Hz oand above

allow for dynamic magnifico- structures

hc:n due to resonance, where Residential or light commercial 15at4 Hz 20 at15Hz

this occurs. . " type buﬁdings increasing to 20 | increasing fo 50 at
No allowance is specifically ot 15 Hz 40 Hz and above

made for fatigue considerations
as there is litfle probability, and
a lack of verifiable evidence for

Table 1 Transient vibration guide values for cosmetic damage

fatigue damage occurring in -

residential  building structures

due to either blasting [15, 17], o

normal construction activities or E o Ling 1
vibration generated by either | E= .

road or rail traffic. The increase g8 /'
of the component siress levels 5% v
due to imposed vibration is rel- §s /
afively nominal and the number | “§ = e

of cycles applied at a repeated 8 sl He?

high level of vibration is rel-

atively low. However, more sys- w ” = p po 0

tematic research is required in
this area. No automatic reduc-

Fig. 2. Transient vibration guide values for cosmetic domage

Freguency, Hz

tion in the guide values is rec-
ommended for building importance, age or condition -
each case must be considered individually.

Damage to buildings can sometimes arise indirectly
from vibration in certain ground conditions. Loose and
especially water saturated cohesionless soils are vulner-
able to vibrafion which may cause liquefaction. There are
cases where the acceptable vibration limit may be set by
considerations of soil-structure interaction, rather than
distortion or inertial response of the building itself. The
Standard points out the need to consider a lower limit for
these special cases.

Comparison With Other Standards

A comparison of various national standards [18, 19, 21~
24] indicates that both the method of deriving acceptable
limits and the ppv guide values vary considerably. Some
criteria are frequency dependent, others are not. Criteria
vary according to nature of peak particle velocity {ppv) —
peak or resultant ppv, measurement location, type of
building construction, ?«pe of wall lining, type of building
materials, frequency of vibration, duration, ground wave
propagation velocity and distance between source and
receiver. A detailed review of the current European stan-
ﬁards would take more fime and space than is permitted

ere.

There are some obvious differences in both the com-
mon types of building construction, and the geological
conditions in various countries for which the criteria have
been derived. Wood-framed buildings predominate in
the USA, for example (although some masonry buildings

were included in the USBM tests), and rock ground strata
is common in Sweden. Noiwithstanding factors which
could warrant different limits, there still remains a diver-
gence of technical opinion on what the thresholds of
daomage should be. This is partly due to certain limits
being derived from considerations of overstressing, while
others take fatigue into account, albeit in an undefined
manner. Yet a further complicating conservatism is that
indirect, as well direct damage mechanisms may be cov-
ered. The fact is that empirical codes cannot cover all
types of domoge mechanisms without setting unaccept-
ably low limits.

Conclusion

Different domage criteria have evolved in different coun-
tries, arising from differences in building practise, ground
conditions, predominant vibration sources, measurement
procedures, the national view of private property and
also the experience and viewpoint of the principal inves-
tigators. Hopefully, the new British Standard, will promote
the collection of test data in a standardized manner, and
together with the results of systematic research, permit the
further refinement of criteria for use in the UK when it
comes up for the first review in 5 year's time.
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VEHICLE NOISE LEGISLATION — AN OVERVIEW

J M Dunne & I C Yarnold

Introduction

Ever since its introduction in the late 19th century the use
of the motor vehicle has been on an ever upward spiral.
As traffic density increases and road congestion worsens
so envirenmental concerns, such as noise and emissions,
toke on a higher profile.

Of course, these environmental concerns are nothing
new. As far back as 1929 the noise nuisance from vehi-
cles was recognised and the Motor Cars (Excessive
Noise) regulations [1] were enacted. Soon after this, in
1931, the first Construction & Use regulations introduced
specific requirements for silencers.

This trend towards controlling vehicle noise has con-
tinved and five years before joining the European Com-
munity in 1973 the United Kingdom introduced noise lim-
its for different closses of new vehicle. Since joining the
Community, the UK has been at the forefront in intro-
ducing regulatory measures specifically aimed at reduc-
ing the noise pollution from road vehicles. The vast
improvements in drive-by noise achieved by the vehicle
manufacturers can be clearly demonstrated when con-
sidered in the light of the present standards embodied in
EC directive 84/424/EEC [2]. The noise reductions
achieved by this directive, coupled to other previous
changes, have allowed the UK to reduce drive-by noise
levels of new motor vehicles by up to 10 dB(A) in as
many years. Considerable strides have been made, par-
ticularly with the heaviest trucks, where the perceived
noise has been effectively halved over the last decade.

The Department of Transport recognises that the con-
trol of noise from motor vehicles is a multi-facetted prob-
lem. Taking the Utopian view then clearly the new vehicle
standard should be enforced throughout the vehicle's life
rather than just at type-approval. It has been argued that
this could be easily achieved by introducing a metered
noise check to the MOT test, supplemented by roadside
enforcement checks. Unfortunately, experience suggests
that it's not that simple!

By introducing a metered noise test into the annual
test then the 'polluter’ would be paying through an
increased test fee. The difficulty is, so would every other
motorist — most of whom maintain their vehicle and cause
no significant noise pollution. This argument would not
be lost on new car buyers who would also argue that the
new vehicle purchaser is already saddled with the
research and development costs of tighter new vehicle
standards. By introducing a metered noise test into the
MOT test, they would be doubly penalised by paying an
increased test fee so that the minority of moforists who
fail to maintain their vehicles, could be caught.

The legislator is, therefore, offen caught between
equally convincing arguments on dll sides. This invariably
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means that we have to adopt a compromise between
achievable and cost effective standards for new vehicles
on the one hand and environmentally acceptable pro-
visions on the other, whilst not forgetting, of course, that
the costs will have to be borne by someone — usually the
motorist!

Limit Values and Regulations

The Wilson Committee Report on Noise [3] in 1963 was
one of the first reviews of environmental noise pollution
with specific mention of road vehicles. Wilson's report
concluded that for a vehicle's noise emission to be judged
on the threshold between acceptable and noisy, then the
low speed full acceleration limit would need to be
reduced to about 80 dB(A).

Following this report, in 1968, amending Construction
and Use regulations were introduced which for the first
time provided maximum sound levels for all classes of
road vehicle. The regulations not only introduced require-
ments for new motor vehicles, but also provided test pro-
cedures and limit values for vehicles whilst in-service.
Noise levels were measured using the acceleration test
procedure of British Standard BS3425 : 1966 [4].

In 1973, having joined the European Community, the
UK adopted the standards of the existing Council direc-
tive 70/157/EEC [5], which were less severe than pro-
posed changes to our domestic regulations. The directive
used procedures similar to those of the British Standard,
as used in our earlier 1968 regulations. Since the iniro-
duction of this directive, several amendments have been
agreed which have introduced special provisions for the
testing of exhaust systems, tightened limit values ({twice)
and introduced a major revision of the test procedure.

Very recently, another amendment to directive 70/
157/EEC has been agreed to take effect in the mid
1990s. This directive, 92/97/EEC [6], introduces new
limit values and several new items not before seen in any
noise directive or regulation. Some of the more sub-
stantive changes will be dealt with in more detail later in
the paper.

Quiet Heavy Vehicle Project

In 1979, the then Minister of Transport, The Rt Hon {now
Sir) Norman Fowler MP commissioned a wide ranging
study into Lorries, People and the Environment [7] under
the chairmanship of Sir Arthur Armitage. This Armitage
Inquiry, as it came to be generally known, included rec-
ommendations that lorries be manufactured to o maxi-
mum noise level of 80 dB(A) by the year 1990. In
response, the Government announced in its White Paper
a collaborative research programme between Govern-
ment and industry called the QHV-90 project (Quiet
Heavy Vehicle for the nineties). This project followed on
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from an earlier feasibility study [8] carried out by the
Transport Research Laboratory (TRL) in 1978.

The £7 million QHV-90 project was equally funded by
industry and the Government, with the Departments of
Trade & Industry and Transport sharing the Government's
£3.5M coniribution. The project made significant head-
way in helping vehicle and component manufacturers
find engineering solutions aimed at reducing the noise at
source rather than applying remedial cures.

The DoT was particularly pleased with the outcome of
the research as the project demonsirated that vehicles
could meet fower limits without the need for extensive
acoustic shielding or enclosures, These achievements sup-
ported the DoT's negotiating position in the European
Commission's working group ERGA Noise {European
Regulations Global Approach), during 1989/90, whose
report culminated in directive 92/97/EEC.

The Latest Amendment to Directive
70/157 /EEC

The most recent motor vehicle noise directive was agreed
by the European Council of Ministers on 10 November
1992 and has since appeared in the Official journal as
directive 92/97/EEC. This new directive consolidates the
previous amendments to directive 70/157/EEC and
introduces new standards to take effect in the mid-1990s
on a mandatory basis throughout the European
Community.

The application dates are:

¢ from 1/10/95 the introduction of all new model types
will have to be approved in compliance with the new
directive

* from 1/10/96 all new vehicles sold in the Community
will have to comply with the new directive.

lts main effects will be to introduce new limits for all
classes of vehicle, to lay down a uniform standard for the
test track surface by drawing upon the specification of an
ISO standard, to introduce a manufacturing (conformity
of production [CoP}) tolerance of 1 dB(A), o introduce a
limit value and test procedure for the noise from air brake
systems and, last but not least, to require Member States
to make type-approval data widely available before 1
October 1994.

From the UK's point of view this directive represents a
significant additional step in furthering the control of vehi-
cle noise pollution. Notwithstanding the major advances
of the new directive, there is an additional commitment in
the directive which could have even greater ramifications
on vehicle noise control, ie tyre noise.

Tyre Noise

The type-approval test has always sought to limit the
noise produced in a typical urban situation. This has inev-
itably focused attention on 'mechanical’ noise rather than
tyre noise through the use of the low speed full accelera-
fion type fest. As limit volues have fallen so the contribu-
tion of tyre noise has become more significant during the
type-approval test. The point may soon be reached where
tyre noise could restrict any further lowering of limits in
the future.
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The new directive places a commitment upon the Euro-
pean Commission fo present, by 31 March 1994, a pro-
posal to The Council of Ministers to deal with the noise
generated by the interaction of the tyre and road surface.
During negotiations on the draft directive the UK insisted
that safety must not be compromised in any directive
aimed at reducing noise. Despite an uphill battle, we
were successful in securing a revision to the arficles to
reflect due consideration of the safety aspects.

The contribution of tyre noise from vehicles travelling
at constant high speed is well known, especially to those
people living in close proximity to busy motorways. For
this reason, the concept of regulating tyre noise seems a
positive move. Our principal concern is to ensure that any
move to limit the tyre noise does not have any ram-
ifications on the primary safety aspect of tyres, ie that of
being able to stop a vehicle quickly and safely. It is con-
ceivable that the 'plating’ of tyres with a noise limit could
have two unfortunate knock-on effects. Firstly, the tyre
manufacturers may be encouraged to compromise on
safety features such as traction and wet grip in order fo
achieve a very low 'plated’ noise number, and thus
improve the marketability of their product. Secondly, the
vehicle manufacturers may be tempted to fit such fyres in
order to reduce the vehicle development costs needed to
comply with the 'drive-by' noise standards. It is these
aspects which will be taxing the minds of government offi-
cials and industry experts in the very near future.

European Parliament

Under the EC co-operation procedure, The Council of
Ministers are required to consider all Commission pro-
posals in the light of the opinion delivered by the Euro-
pean Parliament. Parliament, having considered the new
noise directive, suggested several amendents the most not-
able being considerable reductions in the drive-by limit
values [see Table 1).

It is generally accepted that the lower limit values pro-
posed by the European Parlioment may be ultimately
achievable, but the UK considered the Parliament's limit
values to be impractical for two reasons; firstly, there is
no cerfainty that the limits are achievable for production
vehicles in the time scale laid down and, secondly, the
limits would undoubtedly have led to an increase in the
use of acoustic shields — something the QHY-%0 project
had sought to keep to a minimum — with the attendant in-
service problems associated with such installations and,
probably, at the expense of more permanent and longer
lasting solutions.

However it has to be recognised, given natural tech-
nological development, that the Parliaments proposed
limit of 71 dBIA) for cars may become a requirement in
some extended time scale — possibly by the end of the
century. Even so, it is highly likely that a substantial eco-
nomic burden would be passed on to the end user, not-
withstanding the technical, commercial and enforcement
difficulties.

ISO Test Track Surface

At the present time, the specification concerning the type-
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Vehicle Category Current {imits Directive European
1988/89/90 |92/97/EEC Parliament
84/424/EEC 1995/96

M, {Passenger Cars) 77 dB{A) 74 71

M, > 3.5t & M, [Large Buses & Coaches {GVW > 3.5 1)

- engine < 150 kW: 80 di(A) 78 75

- engine = 150 kw: 83 dB(A) 80 77

M, < 3.4 & N, {Small Buses & LGV [GVW < 3.5 1)

-GYW < 2t 78 dB(A) 76 72

“2t<GYW <35t 79 dBlA) 77 74

N, & N, {Heavy Goods (GVW > 3.5 1)

- engine < 75 kW: 81 dB(A) 77 77

- 75 kW < engine < 150 kW: 83 dB(A) 78 77

- engine = 150 kW: 84 dB(A) 80 78

Table 1. Limit values and enforcement dates

approval test track is only loosely defined in the directive.
Variations of up to 4 dB{A} can and do exist between dif-
ferent test tracks in Europe and concern has been
expressed that some vehicle manufacturers might be
tempted to seek out tracks that will give the best result
before applying for type approval, thereby achieving sig-
nificant commercial advantage at reduced environmental
benefit. The Commission and Member States, including
the UK, recognised this problem and decided that the
draft ISO standard, 10 844 [?], was suitable to incor-
porate into the directive.

The Commission also recognised that other factors,
such as meferological conditions, may influence the test
result and have agreed to look at this area.

Conformity of Production (CoP)

The UK opposed the introduction of the 1 dB(A} CoP tol-
erance to the new directive. In our view, CoP tolerances
can and should be applied to allow for the vagaries of
production systems providing that no overall increase in
pollution occurs. With, for example, gaseous emissions,
high emitting vehicle can be balanced out by an equally
low emitting vehicle with no overall defriment to the envi-
ronment. In terms of noise each and every noisy vehicle
constitutes a nuisance, and production tolerances allow
even noisier vehicles onto the road.

An additional and unfortunate effect of this tolerance
is to effectively deny the UK the achievement of its long
stated aim of reducing the noise from the largest HGV to
80 dB(A)} — we are, in practice, still 1 dB{A) adrift. How-
ever, whilst the UK abided by the majority decision of the
Community to introduce the tolerance, 80 dB{A) still
remains our policy goal.

Loudness Measures versus dB(A)

Because of doubts about the continued use of the dB[A)
scale as the most effective means of assessing vehicle
noise, coupled to the Government's primary responsibility
of lessening the noise nuisance of motor vehicles, the DoT
sponsored a fundamental research programme aimed at

determining the most efficient method of judging a vehi-
cle's subjective noisiness. This three-stage project is near-
ing completion at TRL.

Early results were encouraging, indicating that vehi-
cles with equal dB(A)} could differ in terms of subjective
noisiness when assessed on a rating scale by panels of
listeners. However, the concluding phase of the project
(as yet unpublished) has shown that within similar vehicle
groupings there is litle benefit to be gained from chang-
ing fo a loudness scale as opposed to the A-weighted
scale. Consequently we will no longer be pursuing this
avenue of research, although it was an interesting and
useful exercise which clearly demonstrated the complex-
ities involved with the public's perception of noise
nuisance.

In-service Controls

Beyond the scope of C & U regulations 98 & 99, dealing
with the 'Avoidance of Excessive Noise' and the 'Use of
Audible Warning Devices', there are presently no quan-
tifiable measures of vehicle noise whilst in-service. Earlier
regulations, dealing with in-service measurement which
used a roadside 'vehicle in motion' test, were found to be
extremely difficult fo set-up. Suitable monitoring sites were
few and far between and even when a check had been
established, so few prosecutions resulted that the pro-
visions were dropped from the 1986 regulations.

The DoT has recently been researching the possibilities
for a revised in-service test. As part of this review the TRL
has carried out a preliminary study looking at standards
applied in other countries, existing international test meth-
ods, and how the new-vehicle stationary noise limit might
be used for in-service assessment. The TRL report has con-
firmed that the stationary fest included as part of the EC
noise type-approval fest could be relatively easily adapted
to meet our needs. But even if the technological solution is
eventually found, there remain a number of polifical con-
cerns, not least of which is the impact on the immediate
neighbourhood of regular in-service noise checks.

Other sources of in-service noise nuisances are also
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being considered, including HGV 'body raitle' and the
ramifications of removing acoustic shields and enclosures
from HGVs.

The body rattle problem is the subject of another -

research project ot TRL. The preliminary report was com-
pleted in March/April 1993 and as a result the project
has been extended to lock at ways in which the noise
can be either isolated or reduced. Ancther consideration
is to establish a code of practice with the vehicle/body
manufacturers and operating engineers to try and over-
come this particularly onnoying souce of noise nuisance.

During discussions on directive 92/97/EEC, the UK
made proposals fo ensure that any new vehicle fitted with
acoustic enclosures or shields would be designed to
ensure that they were kept in place for the effective life of
the vehicle. By a combination of thoughtful design cou-
pled with appropriate marking, it should be possible to
deter end-users from simply discarding removable panels
at the time of First service. Unfortunately we were unable
to finalise suitable provisions for inclusion within this
directive. The Commission, however, have agreed with
the principle and indicated that they will consider the
problem when making fresh proposals through the com-
mittee for adaptation to technical progress. The effect of
removing acoustic shields will also be considered in the
TRL research project looking at in-service noise controls
during 1994/5.

Conclusions

Legislators and manufacturers alike have progressed a
long way towards providing quiet and efficient motor
vehicles. However, as technology advances and traffic
density increases, so do the aspirafions of the general
public to see even greater improvements in their immedi-
ate environment. Further reductions in overall noise are
inevitable and a new round of proposals to limit vehicle
noise is already under consideration for introduction
towards the end of the century.

In terms of the present type approval procedure, we
are rapidly reaching the point of diminishing returns. It is
slowly becoming accepted that simply playing the num-
bers game and knocking a few more dB off present limits
will impose substantial costs on the industry and the buy-
ing puElic with litle benefit in lowering perceived noise.
More wide ranging measures are needed.

By the end of the decade, the Community legislators
will vae taken reduction of mechanical noise sources
almost to their limits, and will start addressing areas
which have, to date, received little attention. Some form
of tyre test, possibly coupled with tyre fimit valves, will
certainly be introduced. In-service controls will also be
given greater prominence, either at national level or in
those areas in which the Commission has a remit. Also,
wider use of road surfaces with high acoustic absorption
properties, such as porous asphalt, is now being actively
considered — but that is a whole new subject outside the
scope of this paper.

Overall, the skill and inventfiveness of the acoustic
engineer will be required for some years to come. Past
co-operation between the indusiry and the legislator has
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proved very successhul in civilising the motor vehicle. It is
fully expected that this close co-operation will be main-
lained in the coming years to ensure that progress con-

tinves to the benefit of indusiry and the environment

alike.

Since this paper was presented at the Institute's meet-
ing on External Vehicle Noise in 1993 the consideration
of tyre noise issues has confinved. In line with the con-
cerns expressed on tyre safety in the paper, the Depart-
ment commissioned the Transport Research Laboratory
(TRL) to carry out a fundamental study to examine the
relationship between tyre noise and tyre safety.
~ This research was completed in November 1993 and
the results were presented by Dr P M Nelson FIOA of TRL
to the ERGA-Noise Working Group in Brussels in
December. The research showed clearly that there was a
distinct relationship between the noise generated by roll-
ing tyres and their sofety performance; generally, tyres
which gave higher levels of noise were safer tyres. The
results of this research underlined concern that tyre safety
should not be compromised as a result of limits placed on
tyre noise. The Secretariat of the ERGA-Noise commitlee
agreed fo consider the views of the UK delegation and to
take into account the results of research carried out af the
TRL.
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The Noise and Statutory Nuisance Act 1993

Introduction

The Noise and Statutory Nuisance Act 1993 (the 1993
Act), introduced as a Private Members Bill by Basing-
stoke MP Mr Andrew Hunter and reported on in the Han-
sard section of earlier Bullefins, received Royal Assent on
5th November1993 and some of its provisions came into
force on 5th January 1994, This note aims to summarise
the main points of the Act and readers should consult the
actual document for a detailed analysis of its contents.
Whereas in England and Wales the new Act amends the
Environmental Protection Act {the 1990 Act}, in Scotland,
where the 1990 Act does not apply, the amendments
refer to the Control of Pollution Act 1974 {the 1974 Act).
Part lll of the 1990 Act (and the equivalent part of the
1974 Act in Scotland) provides local authorities with
wide ranging powers to deal with problems of noise nui-
sance provided the noise is emitted from premises (which
includes land). The main purpose of the 1993 Act is to
respond to criticism that noise nuisance which arises on
the street, for example from misfiring vehicle alarms, per-
sistent DIY car repairs and noise from generators and
refrigerated vehicles, was outside the scope of the 1990
and 1974 Acts,

Provisions

The Act consists of four main elements as follows:

(i} Noise in the Street: 'Street' is defined as meaning a
highway and any other road, footway, square or court
that is for the time being open to the public.

The Act extends to Local Authorities powers to deal
with cerfain types of noise nuisance in the street, ie, noise
emitted from or caused by a vehicle, machinery or equip-
ment {VME) in a street with the exception of that used in
conjunction with political demonstrations or campaigns,
that used by the three forces of the Crown, visiting forces
and also traffic. It also provides special abatement pro-
cedures in circumstances whereby nuisance is caused by
VME which is unattended. This includes the power of
enfry to effect necessary remedial measures ond in
exceptional cases the authority to remove the VME to a
secure place. The expenses incurred are recoverable.

Possible scenarios where this may apply include car

alarms, repair to cars in the road, parked HGV's, taxis
on faxi ranks, buses at a terminus and buskers. It could
also be used to control picketing where tannoys are
used.
{i} Loudspeakers in the Street: This will enable Local
Authorities to adopt provisions to grant consents fo oper-
ate loudspeakers, under appropriate circumstances, in
the sireet outwith the time band specified in Section 62 of
the Control of Pollution Act 1974, ie from 9 pm to 8 am.

If adopted the Local Authority will want to consider
the location, adjacent activities, time period, proposed
number of loudspeakers with their output power and any
other relevant matter. The granting of the consent does
not provide an exemption from nuisance procedures.

16

(iii) Audible Intruder Alarms: These provisions replicate
those contained within the London Local Authorities Act
1991 with a few minor differences. They will permit Local
Authorities fo require persons utilising audible intruder
alorms to comply with various requirements. They also

provide for offences and to powers of entry to deactivate .

alarms. However, these provisions are not yet in force
and will need to be commenced by order together with
any associated regulations.

{iv)] Charges on premises: (this applies to England and
Wales only) Section 10 of the 1993 Act gives local
authorities the power to recover expenses reasonably
incurred in preventing or abating a statutory nuisance by
putting a charge on the premises provided the current
owner of the premises was the person responsible for the
nuisance. This power gives a more cerfain way of recov-
ering the cost of works and may prove to be more con-
venient than pursuing a debt through the courts.

Resource implications for local
authorities

The main duty and power in the 1993 Act to investigate
and deal with problems of certain types of noise in the
street may increase expenditure but some of these costs

will be recoverable.
R Burnett & J W Tyler FIOA <
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Technical Contribution

UNDERWATER RAIN NOISE — THE INITIAL

IMPACT COMPONENT

H C Pumphrey

Introduction

History

The sound made by rain falling onto water has been a
much-investigated subject recently. There are two main
reasons for this, one is simply the general desire to
understand ambient noise in the ocean because of its det-
rimental effects on sonar. The other reason is the hope
that the sound could be used as a method of measuring
the amount of rain which falls onto the world's oceans.
This is a matter of interest to climate modellers, but is very
difficult to measure by traditional methods such as rain
gauges.

Progress has been made on two distinct and comple-
mentary fronts, the first being studies of the sound pro-
duced by real rain falling onto lakes or the seq, the sec-
ond being laboratory experiments on the sounds of single
water drops. The first discoveries of any real importance
were made by Franz [1], who showed that an impacting
water drop can produce sound in two distinct ways. The
first sound is generated by a 'water hammer' effect at the
moment of impact, while the second is radiated by a
bubble, which is entrained in the water by the splash.
Franz considered bubbles to be unimportant because
they are only produced occasionally, while the initial
impact sound occurs for every drop. He also made meas-
urements of the sound of a spray of drops, and attempted
to predict the sound of rain trom the results. His predicted
spectra were not like those obtained with real rain, but as
no good real-rain data was available at the time, he had

no way of making this comparison.

The first reliable data on the sound made by real rain
appeared about six years ago [2 - 4], and provoked a
great deal of interest. The specira showed a very per-
sistent peak at a frequency of 14 kHz, as shown in Fig-
ure 1. The peak appeared in dll types of rain, but was
less obvious if the rain was heavy. At least one attempt
[3] was made to explain this peak in terms of the initial
impact sound alone; Franz's conclusion that the bubbles
were sporadic and therefore unimportant was almost
taken as read. | have shown, however, in previous
papers, that the 14 kHz peak is not caused by the inifial
impact at all, but by bubbles. The bubbles are entrained
by a different mechanism from that described by Franz.
The important difference is that the new process is
repeatable and predictable; | have therefore named it
'regular entrainment.' For drops of any given size, the
process occurs only for a cerfain range o?impact veloc-
ities; it does not occur at all for drops with diameters
greater than 5 mm. For drops within the active range, a
bubble will be entrained by every drop, moreover, suc-
cessive drops of the same size and speed tend to entrain
bubbles of the same size, and which radiate sound with
the same intensity.

Raindrops all impact at their terminal velocity, which
is a function of drop size and is well known and easily
calculated. My results suggest that raindrops with diam-
eters between 0.8 mm and 1.1 mm (and which therefore
have speeds between 3.3 m/s and 4.4 m/s) will cause
regular entrainment. Fur-

thermore, the bubbles

65

55+ a

Pressure spectrum level / dB

45L + ¥
‘

60 - L

entrained will have a
range of resonance fre-
1 quencies which are all
above 12 kHz, with 14
kHz being the common-
a est frequency. It is these
bubbles which give rise
o to the spectral peak. This
phenomenon is now well
understood and has been
: - extensively described in
the literature [5 - 11].
The role of the initial

"

Frequency / kHz

Fig. 1. Sound power spectra of the noise made by light rain falling onto a lake. The
data was taken by Scrimger et al [4] in a lake in British Columbia. The circles represent
a heavier shower than the crosses, with a higher proportion of large drops; note the rel-
ative increase in level at lower frequencies. The spectrum level is in dB re 1p Pa?/Hz.

e impact  sound  has
remained relatively poor-
P’ understood. There are
ew results in the lit-
erature, and those which
are available do not
agree at all well with
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Technical Contribution

each other, suggesting that this is not an easy problem to
tackle, either experimentally or theorefically. In  this
paper, | shall describe some experiments in which |
attempted to measure the pulse shape of the initial impact
sound and how the pulse parameters depend on the drop
size and impact velocity. The experimental problems will
be discussed, and | shall also examine how they relate to
previous work and why that work seems to contain so
many anomalies.

Preliminary theory

The water surface is effectively a pressure release sur-
face, so any sound field whicz is generated at a point
close fo it has to be a dipole field. This means that the
pressure perturbation must be of the form

o]

(1)

where r is distance from the source, 8 is the polar angle,
measured from vertically downwards, c is the speed of
sound, t is time and  is any function [12]. The negative
sign is included for convenience, as the equation reduces

) v(7) f("_)}

P=Po cosB{~T+
r r

= cosBi
P =Po ar r

(2)

where r is the retarded fime t — r/c and is given by ¢ =
(1/c)(dy/dz). Note that the pressure consists of a near-
field component y and a far-field component ¢, it is only
the latter which is of interest to us as the near-field is only
detectable close to the splash and does not consist of
energy being radiated away from the source region.

The form of ¢ is not easy to deduce by theoretical
means. We suppose that the process is basically a water
hammer, and hence the pressure in the source region
should be proportional to pcv, where p is the density of
the water and v is the drop impact velocity. The problem
is complicated greatly by the geometry, a recent attempt
[13] succeeded mainly in showing exactly how difficult it
is. Most of the real progress has therefore been made by
experimental or computational means, but a number of
theoretical guidelines have been suggested, usually on
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Time / ps
Fig. 2. The pressure pulse measured at a depth of 45 mm
below a drop impact. Units of pressure are arbitrary.

dimensional grounds. In particular, both Franz [1] and
Oguz and Prosperetti [10] have said that the far-field
pulse should be of the form

3
Pocpv o:'coseu[%] (3)

where d is the drop's diameter, and v is a universal func-
tion. This tells us how we should expect the pulse length
and amplitude to scale with d and v; we shall see how
well it agrees with experiment. It does not, however, give
us any help as to the shape of the pulse; it is therefore
necessary to resort to experiments, some of which are

described below.
Experimental Method

Impact sounds were studied in a large water tank (4.5 m
x 1.3 m x 1.3 m deep); the tank was not anechoic, but
was lurge enough to ensure that reflections were at a
manageable level. The drops were produced by allowing
water to flow slowly through hypodermic needles of vari-
ous sizes. The velocity, v, was calculated from the drop
diameter d and the height h from which the drop fell; v is
given by [6]

1/2
v =VT(]—e_2gh/v’2) (4)

In this equation, vy is the terminal velocity of the drop,
calculated by a power law fit to the drop diameter [14].
The sounds were detected by a miniature hydrophone
(Briel and Kjseer 8103), which was placecr vertically
below the splash. They were then amplified by a suitable
charge amplifier (Briiel and Kjzer 2635); the resultant sig-
nals were analysed on a Macintosh llci computer, using a
National Instruments digitising card (model NB-A2000)
and LabView software.
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Fig. 3. The pressure perturbation below a drop impact at
four depths: 30 mm (bottom), 50 mm, 100 mm and 180
mm (top), multiplied by (depth)2. Units are tens of Pascals
multiplied by (metres)?. Note that as depth increases, the
spike at the beginning of the pulse gets larger, but the
whole trace gets noisy, and reflections are seen near the
right-hand edge of the figure. The drop had a diameter of

2.9 mm and an impact velocity of 4.6 m/s.
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Fig. 4. Plot of r2p against r. The slope of this graph is
the value of ¢ at a time of approximately 4 s after the
drop impact. The infercept is the value of the near-field
pulse, . One of these plots is made for each point on

the trace of Figure 5.

Results

A typical drop impact pulse is shown in Figure 2; this is
the raw signal as it comes from the hydrophone and an
unwary investigator might be tempted to assume that this
is the ?;rm of the radiated sound pulse, ¢. This is not actu-
ally the case, the far-field pressure must drop off as 1/r.
Most of the pulse shown in Figure 2 drops off as 1/
and is therefore the near-field pulse, y.

If we look at the pulse on a smaller timescale, we can
see that the first part of it does contain a significant radi-
ated component. This is shown in Figure 3, in which the
pressure pulse multiplied by r2is shown for various values
of r. The near-field part remains constant from one trace
to another, but the spike at the beginning of the pulse
becomes relatively larger as the distance increases; this
spike is therefore the far-field pulse, ¢.

The big experimental problem is that if one moved the
hydrophone to a large distance, in order to eliminate the
near-field component, then the signal would become so
contaminated with noise and reflections as to be quite
useless. The solution which | adopted was to measure the

Technical Contribution
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pulse shape at various depths and combine the measure-
ments o produce the far-field pulse. Suppose that the
fotal pressure p at retarded time 7 is given by Equation 2.
If we have measurements of p for several values of r, then
we can plot r2p against r for each value of 7, obtaining a
straight line of slope ¢(7) and an intercept on the r2p axis
of y(7.

If this is done for the data of Figure 3, we obtain o
collection of graphs like Figure 4; if the slopes of these
graphs are calculated and plotted against time, we
obtain the required far-field pulse as shown in Figure 5.

Franz describes another way to extract the far-field
pulse, which does not require data to be taken at several
depths. It relies on the fact that ¢ = {1/ cHdy/dr). Con-
sider a simple high-pass RC filter as shown in Figure 6,
and for which

d
E(Vi —Vo) = ';—2: (5)

If v, happens to be of the form w + (r/<c){dy/d1} and r/c
happens to be equal to RC, then we have

dy dfrdy)_ oo, rdovg
dr+dt[c drj'— rted - 16)
and therefore
_rfdv.
VO_C[dT)—r¢ (7}

The filter can be implemented digitally and applied to the
data of Figure 3, a typical result is shown in Figure 5; it
compares well with that of the mulfi-depth method.

Note that the pulse is positive-going; the pressure
does not cross the axis and go negative on the fimescale
shown. This means that the power spectrum of the pulse
will be monotonically decreasing in the range of fre-
quencies shown; it will not have any peaks, this is shown
in Figure 5. This does not imply that the pressure never
goes negative, or that the spectrum has no peaks, but that
the first zero crossing is at a fime greater than 0.5 ms
after the impact and that any speciral peaks are at fre-
quencies below 1 kHz {certainly not near 14 kHz). The
exact form of the pulse is rather difficult to infer, but we
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Fig. 5. Left: this shows the far-field pulse, ¢, extracted from data taken at various depths {bottom) and by Franz's filter method
from data taken at a depth of 50 mm {top). Units are [tens of Pascals){metres). Right: the energy spectra of these two fraces in
arbitrary units; the dashed line corresponds to the filler method.
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might model it with one of the following functions:

¢.=A(L) | 8)

T+8

or
¢ =Ae™ (9)
These functions have the following energy spectra:
(7Y = Aa[c;(&sf +siffs)’)

and

(10)

2 A
I¢(f)| b2 + Ax?f | (1
where ci and si are the sine-integral and cosine-infegral
functions [15]. These spectra are also shown in Figure 7;
equations 8 and 10 seem to give a better agreement with
the experimental results of Figure 5, at the expense of
being more of a nuisance to calculate.

We now consider how the pulse amplitude A and
timescale 3 depend on the drop size and impact velocity.
There is no experimental data on this in the literature, but
my own experiments suggest that A o« v@dB, where a =
2.8+ 0.2 and B=1.5+ 0.2 This is in tolerable agree-
ment with the suggestion of Franz and Prosperetti (Equa-
tion 3}, that o= 3 and 8= 1. We shall therefore compare
amplitudes by calculating the dimensionless peak pres-
sure p, given by

_ 2pyre 12
Pd pc:'v3 cos & 2
where p, is the peak pressure. By using drops with sizes
between 2,93 and 4.13 mm, and impact velocities
between 2.5 and 4.5 m/s, | obtain an average value for
py of about 7 with an error of about £ 2.

The fimescale proved rather difficult to determine
experimentally; some rather crude attempts to measure
the time taken for the pressure to drop to a quarter of its
peak value suggest that & decreases with v and increases
with d, in line with the requirement that § = d/v.

Technical Contribution
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Fig. 6. The filter suggested by Franz [1].

Comparison with Previous Results

There have been several previous attempts to measure or
calculate the form of the initial impact pulse, in this sec-
tion the results are compared fo those presented above.
The graphs in this section have been copied by hand into
a computer, and their energy spectra calculated. Some
inaccuracy is therefore inevitable, but the main features
are certainly preserved.

Franz [1]

This was the first study of the sound of drop impacts;
Franz recognised from the beginning that the near-field
sound was likely to be a problem, and he devised a cun-
ning method to remove it, as described in the section
above. He presents the pulse in a dimensionless form
which | have converted to real units of time for a drop of
3 mm diameter impacting at 4 m/s (Figure 8}. There are
two major differences between this and my own result:
Franz's pulse goes negative by a substantial amount, and
it occurs over a much longer timescale. This would give a
spectral peak at 600 Hz. The dimensionless peak pres-
sure is 1.8, only a quarter of the value which | obtained.
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Fig. 8. Franz's pulse, and its power spectrum, calculated for a drop of 3 mm diameter, impacting at 4 m/s, for comparison
with Figure 5. Pressure is in the dimensionless units of Equation 12.

qu o ——— T . mn = ——— = ——— 2E_3 B L —————————————
35 - W 1IE-3 o T T
30 A SE4 4 7 .
25 1 4 ~
20 1 E4
15 SE-5
10 4
05 A l 2E-5 7
\ IE-5 A
o £
-1.0 T T i T a—— 2E-6 T T T 7 T
01 00 01 02 03 04 05 06 1 2 s "1 20 58 100
Time / ms Frequency / kHz

Fig. 9. This is the pulse described by Nystuen and Farmer in [16]. Drop diameter is 3 mm, velocity is 4 m/s, as in Figure 8,
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Fig. 11. This shows a pulse copied from [18] {below, left) and the power spectrum which | calculated from it (dashed line,
right). it differs in some respecis from the power spectrum shown in [18], for instance; the cutoff appears to be at a lower fre-
quency here, this is probably due fo inaccuracy in copying. The figure also shows the pulse which | obtained by passing a
pressure pulse from a hydrophone sitvated 180 mm below a drop impact through a bandpass filter (above, |eﬁ,) and its spec-
trum {solid line, right). The :ﬁop details were as in Figure 3; the filter was a digital 3rd-or£; Butterworth filter with cutoff fre-
quencies set at 8 kHz and 50 kHz. All units of pressure are arbitrary.
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One is forced to conclude that although Franz's ideas
and method were valid, the equipment available to him
in 1959 did not have sufficient bandwidth or accuracy.

" Nystuen [3}, Nystuen and Farmer [16]

In these papers, a remarkable computer simulation of the
drop impact is described. In the first paper, only the near-
field pulse is shown, together with a power spectrum
which shows a very small {3 dB) peak at 10 kHz. As they
were unaware of the bubble mechanism, the authors then
attempted to use their result to explain the spectral peak
of real rain noise {which is 30 dB high, at 14 kHz). The
second paper is similar, but includes a far-field pulse,
shown in Figure 9, note that this too goes negative, and
that it is on a somewhat shorter timescale than my own
results. lts power spectrum has a peck at 10 kHz, again
this is too small and at the wrong frequency to explain the
real rain peck.” The value of p, is 35, five times larger
than my own result .

Nystuen and Farmer [17]

This paper shows a drop impact pulse, but gives no detail
on the equipment with whicﬁ it was measured. The pulse
and its spectrum are shown in Figure 10; note the peak,
at 20 kHz this time, and that the overall timescale of the
pulse is reasonably similar to my own results. No units
are given on the pressure axis.

Medwin, Kurgan and Nystuen [18]

This paper shows a pulse and its power spectrum {Figure
11). The authors admit that they filter their signal, remov-
ing components below 8 kHz and above 50 kHz.

Figure 11 also shows that their result can be duplicat-
ed by feeding a raw hydrophone signal into a bandpass
filter, we therefore conclude that the pulse shape shown
in this paper is probably spurious and it should not be
taken to mean that the impact pulse shows one or more
cycles of oscillation, or that its spectrum shows any notice-
able pecks. In view of this, it seems possible that the pulse
shape in Nystuen and Former {17] has also been mod-
ified a certain amount. The amplitude of the peak is
believable, leading to a value of p between 8 and 14.

These results teach us a few salutary lessons. It is clear
that the pulse is very sharp, and has a very broad spec-
trum, which means that the observed pulse shape is very
likely to be modified by the response of the hydrophone,
amplifier, and any filters which are used. In view of this,
it is probably wise to treat even the present results with @
certain amount of caution.

Water|

Hydrophone

Fig. 12 Skeich to show the variables used in Equation (18).
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The Impact Contribution to Rain Noise
Spectra ]
The contribution which the observed impact pulse would
make to the rain noise spectrum was calculated; the pro-
cedure was similar to that in References [9] and [10]. We
assume that a single drop produces a sound pressure

. ) A v, ¢ T,v,
p(r,ﬂ,'r) = —(—ﬂ¢(f,v,cf)cose = —(—d)cosﬁ (13)
r r
Dimensional requirements and experimental results sug-
gest that we should assume

3
Ady) =22 p, (14)
and that
)
¢(T,V,d)=m “5)

where & is proportional to d/v. Raindrops impact at their
terminal velocities, which are known as a function of d, so
we can calculate ¢ for any value of d. We let the hydro-
phone be a depth h below the surface of an infinitely
large and deep ocean, as shown in Figure 12. If the pres-
sure at the hydrophone due to a single drop is given by
(13), the energy specirum of that pulse is

o 2 cos? 0 |=; 2
f,d c=——o{f,d {16)
lp( )l /e par? I¢( )I
where the symbol ~ implies the Fourier transform. We let
the number of drops which strike unit area of surface per
second and which have diameters between d and d + dd
be n{d) dd. The intensity spectrum dI{(f, d, r) at the hydro-
phone due to a ring-shaped region of area 2zRdR is

then )
dr(f,d,R) = lzl—c n(d) dd 2zR dR (17)

To find the total spectral intensity at the hydrophone, I{f,
we must infegrate this over the whole surface of the lake
(see Figure 12) and over all drop sizes, thus:

2 = 2. R ~ 2
-2 ( [ cos or—zdR] Btdfn(d)ad 08
By using the substitutions r2 = h? + R2 and cos28 = h2/(h?
+ R2), the R integral in the brackets can be shown to be
equal to one half, irrespective of the value of h. The inten-
sity spectrum is therefore given by
2
T bl P

I(»r)=E jo 13(f.d) n(d)dd n9)
This integral may be estimated rather approximately for
the data of Scrimger et al, because that paper supplies
values of n{d) for several of the spectra it presents. In
addition to this information, there are two parameters, py
and 8, which were estimated from experimental results.
These results were not very accurate and so the values
used are little more than realistic guesses which give rea-
sonable results. We use a value of 14 for p; this is rather
at the large end of the experimental range. We let 6 =
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Fig. 13. The contributions of bubbles and impacdis to the rain noise
spectrum, The dashed line is the spectrum due fo regularly
entrained bubbles, as calculated in [?], the dot-dash line is the
impact spectrum described above. The solid line is the sum of
these. The circles are the relevant data from [4]; they are louder
than the calculated values by about 4 dB, possible reasons for this
are detailed in the text. The spectrum level is in dB re 1y Pa?2/Hz.

pulse shape; this should provide a sound basis for
any further research. This paper has not addressed
the question of what happens if the raindrops
impact the surface at some angle away from the
vertical. Other work [18] has, however, shown that
oblique incidence tends to make the initial impact
slightly louder, and that it greatly reduces the occur-
ence of regular entrainment. It is therefore likely that
in real life, the initial impact sound has a greater
importance relative to the bubble sound than the
results in this paper suggest. This sensitivity to
impact angle (and therefore to wind) is another rea-
son why the 14 kHz peadk is badly correlated with
the total rainfall rate, and why, if one wished to
measure the rain rate acousfically, a frequency of
about 4 kHz would probably be the most suitable.

References

1.6 x 1073{d/); this is also rather larger than the major-
ity of the experimental values. A typical result of the cal-
culation is shown in Figure 13, fogether with a calculated
spectrum for the bubble sound {?]. Note that by including
the initial impact sound, we get a much better fit to the
experimental data at the lower frequencies. The data is
uniformly 4 dB louder than the calculations, even those
for the bubble spectrum, which | believe to be quite accu-
rate. Various reasons have been suggested for this, one
possibility is that the lake where the measurements were
made was very reverberant. Another possibility is that the
instrument used to count the raindrops failed to detect a
certain percentage of the drops.

Conclusions

The acoustic pressure pulse which is emitted when a drop
touches the water surface has been investigated experi-
mentally, and has been shown fo be a single pulse with a
sharp front edge and a rapidly decaying tail. Its power
spectrum decreases monotonically with frequency, at least
above 1 kHz; the initial impact can therefore contribute
nothing to the spectral peak at 14 kHz. | believe that
statements to the contrary in the literature can mostly be
attributed to injudicious filtering of the signal, or to the
inaccuracy of computer simulations.

Superposition of the impact spectrum onto the bubble
spectrum shows that the impact sound is probably a sig-
nificant contribution to the spectrum of rain noise at fre-
quencies below 7 kHz, in moderately light rain. It is pro-
duced much more efficiently by large drops, which
contain most of the volume of water in rain. This would
explain why this part of the spectrum is better correlated
to the total rainfall rate than is the 14 kHz peak. It seems -
likely that the impact sound may be important at higher
frequencies in heavy rain, partly obscuring the bubble
peak. It is true that the accuracy with which the absolute
amplitude of the pulse was measured is not sufficient to
enable us to state exaclly how important the impact
sound is, or whether it is the only important contribution
in the low kHz frequency range, but we may be rea-
sonably confident about the above description of the
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DEVELOPMENTS IN THE USE OF CELLULAR
FOAMS IN THE DESIGN OF RESILIENT FLOORS

Robin K Mackenzie FIOA

Introduction

Derived from the Latin word 'cella' meaning a smadll
enclosure, cellular materials have been available for use,
in natural forms such as cork and sponge, for many thou-
sands of years. In recent years, however, man-made, pol-
ymeric foams have largely replaced these natural materi-
als and are widely used for applications involving the
absorption of sound and the isolation of impacts. New
developments in the manufacturing techniques associated
with flexible cellular foams have opened up exciting new
possibilities in the design of products incorporating these
new materials. Research at Sheffield Hallam University
during the past twenty years by Hilyard et al [1] has
helped to characterise the mechanical properties of cel-
lular foams. This paper summarises those mechanical
properties and describes the use of cellular foam in the
manufacture of resilient flooring products, with particular
reference to laminated and co-planar applications of
open and closed cell foams.

Mechanical Properties of Cellular Foams
Upon compression cellular foams typically exhibit the
stress/strain relationship illustrated in Figure 1.

At low stress, linear elasticity (cell wall bending)
occurs followed by a large increase in strain for little
increase in stress (elastic buckling of cell walls) and final-
ly a steep rise in stress with strain as the matrix polymer
is itself compressed following collapse of cells in the
foam. Foams can be of open or closed cell form and the
treatment of each is described here. In both types the
effect of the fluid filling the cells needs to be taken into
account. Gibson and Ashby [2] have characterised the
mechanical behaviour in the following way.

Linear Elasticity
With elastomer foams, the initial linear rise of stress with
strain is followed by non-linear elastic deformation. Elas-

tic because the strain is recoverable. In open cell foams
there is a long plateau as strain increases rapidly with lit-
tle or no increase in stress. With closed cell foams there is
an increase of stress with strain caused by gas enclosed
in the cells and the cell walls themselves.

Linear elastic behaviour may be characterised by a set
of moduli. Of primary importance are Young's Modulus
(E*), Shear Modulus (G*) and Poisson's ratio (V*). The
approach of Gibson and Ashby is to express the above
moduli in terms of cell wall (base polymer), modulus and
the foam's relative density (p*/p,).

(NB The superscript '*' refers to the bulk foam where-
as the subscript 's' denotes the base polymer.)

Open Cell Foam
Figure 2 illustrates cell wall bending for an open cell
foam.

Force

Force

Fig. 2. Cell wall bending for an open cell foam

Figure 3 shows the cell model used to estimate the moduli
with each cell joined to another by a strut in the middle of
one of its beams.

Relative density of the cell {p*/p,) and moment of inertia
are related as follows:-

,;‘
. =
Stress oy
&
o g/
T/ -
Al non-linear elasticity

o7
5

Strain €

Fig. 1. Typical stress/strain relationship of
cellular foams

thickness t

! |-
:
:

U
——

Fig. 3. Cell model for estimating moduli
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For a beam of length / and thickness #, loaded at its mid-
point, Timoshenko (1970) has given the deflection as
follows:

FI3
5 [ESI] o)
Closed Cell Foams
Closed cell foams are more complicated than open cell
foams. The effects of material in the faces and fluid con-
tained in the cell must be considered as well as the con-
tribution of the cell edges. The situation is illustrated
below in Figure 4.

Force

wall
bending

membrane
stretching

pneumatic

' \
i =)
; '
Tesistance

»

Force

Fig. 4. Cell wall bending for a closed cell foam

Non-Linear Elastic Behaviour

Open Cell Foams

The non-linear deformation of these foams is controlled
by the elastic buckling of the cell edges. The critical buck-
ling load is given by Euler's formula:

E.. s n2n'2ESI (4)
crit I2

where

| = beam length; E, = Young's modulus; I = 2nd
moment of area. n? describes the degree of constraint at
the ends of columns. The stress o*; at which buckling
occurs is obtained from:

e Fcri Es /
e ‘5’
Closed Cell Foams
With closed cell foams elastic buckling is modified by the
gas contained in the cells and probably by the cell faces
as they fold over themselves. As cell walls Eudde then the
pressure of the gas can be expected to increase which
suggests an explanation of post buckling behaviour. The
foams exhibit an increase in the gradient of stress/strain
graphs. Gibson and Ashby propose the following descrip-
tion of post buckling behaviour:

. 2
9d - 0.05 2| +L0_Far (6)
E [.os] E,
where p, and p,, are original and atmospheric pressure
respectively.

For these foams, usually p, = p,; but as compression
increases p;, is modified to p! where:

Pot

pl=—EC —
]_s_[&) (7)
Ps

The post collapse stress/strain behaviour is therefore

described by:

i 2
"-:0.05[”—) + e
e

Gibson and Ashby have shown that by removing the sec-

Fig. 5. Micrographs showing the different cellular structure of open cell (left) and closed cell (right) polymer foam.
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ond term on the right-hand side of equation 8, the stress/
strain curves of closed cell foams give a curve which
matches the behaviour of open cell foams.

Resilient Layers for Building Use

The advantages of open cell polymer foams for use as
resilient layers has already been described in earlier pub-
lications [3 — 8)]. The characteristic difference between
closed cell and open cell foam under an applied load is
found in their relative static deflections. A closed cell
foam strip, 12 mm thick, under normal domestic loading,
is unlikely to deflect by more than 1 mm compared to a
figure of 6 mm obtained with open cell foam of similar
thickness.

Closer examination of the movement of open cell flex-
ible foams under dynamic loading has indicated that it is
the cellular structure which dictates the rate of deflection
whereas it is the polymer material itself which determines
its resilience or ability to return to its original state.

The main problem with rock (ie mineral wool) or glass
fibre quilts is that they comprise of strands of brittle mate-
rial (ie glass state) which achieve resilience by means of
interweaving in free form or by resin bonding. Over a
period of time these fibres break and in low density form
are frequently ground to dust.

Open cell polymer flexible foams do not exhibit such
brittle fracture because of the elastic behaviour of the soft
co-polymer. The only problem which can arise, therefore,
is due to a breakdown in the chemical bond or a change
of chemical state. Under normal domestic loading, bond
breakdown is extremely unlikely and virtually impossible
where cross-linking has been carried out. A change of
state is, however, a possibility, with some materials more
susceptible than others. Natural rubber will oxidise and

Fig. 6. Compression of the Profloor Dynamic Strip under
normal domestic loading. Courtesy: Proctor Group
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after a period of time lose its resilience. This, however, is
a slow process in an underfloor location where catalysts
such as UV light are absent. The polyester-urethane co-
polymer is essentially unstable and through being hydro-
lytic will, in a damp or humid environment, gradually lose
its compressive strength giving rise to creep. In terms of
dynamic behaviour, chemical stability and cost, polyether
based polyurethane open cell foam is the most suitable
material.

Applications in Floating Floors

Laminations of open-cell and closed-cell foam strips have

40 T T

35 e

30 +—— PP, M Cat

25— Bamm— R

Intensity of
Load (kPa)

Daflection (mm)

Fig. 7. Deflection of Laminated Cellular Foam Strip

been utilised in the design of resilient timber battens or
strips [2, 10]. The micrograph in Figure 6 shows the com-
pression under normal domestic loading of a 10 mm
open cell strip laminated to a 10 mm closed cell strip.

The 12 mm thick open cell foam deflects by up to
6 mm under normal domestic loading to provide a suit-
able isolation efficiency against impact sound. Further
deflection is resisted by a combination of the elastomer in
the open cell foam together with the pneumatic resistance
provided by the entrapped air within the closed cell strip.

e S AT TR B o B R I T

Structural Base
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32

Fig. 8. Section through Shallow Profile Platform Floor

The elastic behaviour under normal domestic loading,
<4 kPa, is clearly shown in the plateau in Figure 7,
between 2 mm and 6 mm deflection.

A natural extension of the technology involved in the
laminated foam strip was to produce a flooring system for
use in the upgrading of timber and concrete floors in
refurbishment projects. Designs have been produced
involving the use of open cell polyurethane foam as the
resilient layer [11]. Such decks have limited airborne
attenuation properties and additional treatment [12] is
desirable in order to provide a balanced upgrade in
terms of both airborne and impact sound reduction.

The question of stability of very thin boards is a major
problem especially with high compliance resilient layers.
This has been overcome in the design by incorporating a
closed cell peripheral foam, 50 mm wide, around two
adjacent sides of each board so that each joint is sup-
ported by a low deflection strip as shown in Figure 8.

A shallow profile floor has been designed with both
excellent walking stability and acoustic performance, giv-
ing an 18 dB weighted impact sound improvement as cal-
culated in accordance with Annexe A of BS 5821:1984.
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COMMUNITY RESPONSE TO NOISE FROM LIGHT

AIRCRAFT

D Smeatham AMIOA, P D Wheeler FIOA & G Kerry FIOA

Introduction

There is evidence to suggest that people perceive noise
from light circraft differently than noise from jet aircraft.
In terms of noise level, annoyance threshold at small gen-
eral aviation facilities may be lower for a number of dif-
ferent reasons including, different operation patterns,
lower bockground noise levels and different hours of
operation,

The Department of Applied Acoustics at the University
of Salford are involved in a project investigating the
noise nuisance caused by light aircraft and microlights.
This project involved o survey of Local Authorities
throughout Britain, carried out to collate their experience
in the assessment of this type of noise. The aim of the sur-
vey was to focus on the role of the Environmental Health
Officers and determine in what form environmental noise
impact statements should be prepared with respect to this
type of noise. The results provided a countrywide view of
the problems associated with the noise nuisance from
light and microlight aircraft and the procedures used to
elevate these problems. 5

The initial part of this article will review some of the
key research on the annoyance due to environmental
noise and noise from light aircraft and the remainder will
address the results from the survey of local authorities
giving reasons why people become annoyed with light
and microlight aircraft, the actions local authorities can
take to alleviate the problems and the various methods
available o deal with complaints.

Literature Review

Many researchers have attempted to predict the sound
level at which people can be expected to complain about
noise sources in the environment.

Shultz [1] analyses data from surveys covering many
fypes of environmental noise fo establish a level of noise
ot which people will be annoyed. Using Shuliz's estima-
tion method 5% of people will be highly annoyed with an
Ly.* of 55 dB{A). Birnie et al [2] studied the relationship
between noise level and social survey data from generol
aviation airports in Canada and found that an estimated
14% of people will be highly annoyed with a Ly, of 55
dB{A). This hypothesis is confirmed by Harris [3] who
carried out a study at eight general aviation airports and
found that complaints against normal operations started

*Although the values given in these papers refer fo sound
levels given in L, {Day Night Level), in general light and

microlight aircraft rarely fly at night therefore Ly, is
equivalent to a day time L.
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at Ly, 55 dB{A) and for "touch and go' operations at L,
50 dB{A).

An assessment of the annoyance due to noise from
general aviation with the requirement to establish the dif-
ference in public atfitude and reaction to business and
non-business general aviation sectors [4] concludes that;
People perceive different categories of flying and attach
very difterent levels of importance to them and that within
the range of noise levels encompassed in the study, reac-
tion to general and business aviation noise are sig-
nificantly higher than those to air transport. This report
also states that 'Although the community annoyance
increases with aircraft noise level, aircraft noise level
does not play a dominant role in determining community
reaction o aircraft noise around general aviation air-
ports.' From the results of this work the authors suggest
one possible way of reducing community reactions to ger-
odromes is to have better communication between the
aerodrome and local residents.

From these references it can be seen that people clear-
ly react differently to general aviation noise compared to
other types of environmental noise. The uncertainty about
the assessment of light aircraft noise led the University of
Salford to undertake a survey of Local Authorifies to find
out how this noise is dealt with in practice in Britain.

Survey

A letter was sent to all the Chief Environmental Health
Officers in Britain asking them for relevant experience in
dealing with the annoyance of microlight and light air-
crak. Information was sought regarding:

(1} The use of light aircraft and microlights within the
area of the local authority jurisdiction and the history of
any complaints.

(2) The procedures adopted by the local authority to deal
with the complaints and any local planning procedures.
(3) The levels of noise, in the opinion of the local author-
ity at which light and microlight aircraft becomes intru-
sive. The threshold at which complaints can be expected.
(4) The outcome of any complaints.

Causes of Annoyance

Various reasons were given lo explain how relatively
quiet operations, compared to the noise from major inter-
nafional airports, seem to annoy people. The responses
suggest the annoyance of light and microlight aircraft is
not only due to the noise level of the aircraft but also the
operations and manoeuvres they perform.

Noise

Information from our survey of Local Authorities suggests
that the relatively long duration of fly over and the tonal
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Complaints re light/ No iight/microlights
microlights (34%) in area (51%)
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R R NSRS
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Light/microlights in area
no complaints {15%)

Fig. 1. Percentage of replies from Local Authority with
experience in light and microlight noise.

content of the noise from light and microlight aircrafts
make this fype of noise annoying. Also, the fact that
many of the airfields are situated in rural areas with low
background noise levels makes the noise even more intru-
sive. Many replies stated that where the air traffic is
mixed {light aircraft and jet aircraft) the major problem
lies with the jet aircraft noise. However, some replies
implied that where light aircraft is mixed with military jet
aircraft complaints against the jets are low compared
with the light aircraft due to the acceptance of the need
for military flying.

Some local authorities have found that restricting the
use of aircraft with three or four propeller blades at air-
fields can reduce the noise level and hence reduce
complaints.

Operation

We stated above that the annoyance of light and micro-
light aircralt is not only due to noise nuisance but also the
operafions and manoeuvres of the aircraft. In fact many
replies to this survey include the opinion that the annoy-
ance of the aircraft has very litle to do with its actual
noise level. Instead the annoyance is due to the aircraft
invading people’s privacy and the safety aspects of hav-
ing the aircraft fly at low level over property.

Particularly annoying were thought to be; flying for
recreational purposes, circuit flying, the use of roads and
airstrips as navigational aids increasing the flying activ-
ities over certain areas, "touch and go' operations and
weekend and evening flying.

Planning Permission

Local councils are limited in the action they can take
against the use of aerodromes within their jurisdiction.
The only action available against the use of light and
microlight aircraft is to refuse planning permission for air-
fields or fo lay down conditions on the use of the land at
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the plonning stage. Planning permission is required
under the Town and Country Planning General Develop-
ment Order 1988 if the land is used for certain activities
for more than 28 days in a calendar year. Therefore the
local council can control this sort of activity only if the site
is used for more than the specified number of occasions.

In the survey 20 local councils said they had expe-
rience of planning applications. OF these; six were
refused, nine were approved subject to conditions, five
are ongoing.

Planning Permision Refused

Planning permission is in general refused on the grounds
that the site would cause environmental damage. Envi-
ronmental Impact Surveys are conducted to predict the
effect on the community from the presence of the airfield.
This generally involves both the measurement of the noise
levels and meetings to assess the attitude of the local pop-
ulation to the proposals.

It is well recognised that BS4142 is applicable for the
assessment of noise levels at residential properties from
industrial noise. However in the absence of any other
way of assessing the noise at residential property
BS4142 has been used to assess the impact of the airfield
on local residents in the community. BS4142 says that if
the noise level is 5 dB L, above the Lgy™* the noise will
be noticeable and if the Leq is 10 dB above the L, it will
cause annoyance.

Planning Permission Accepted

The only method of controlling the use of airfields is to
lay down conditions on which Planning Application is
approved. The conditions applied to the planning appli-
cations are summarised below. -

{1) Limit the aircraft movements per day or year

{2) Aircraft to use specific flight paths.

(3) Aircraft to reach d certain height before overflying
property.

(4) Regular changing of flight patterns.

(5) Restrictions on the type of aircraft that can operate
from the airfield.

(6) Restrict flying to certain hours of the day.

(7) Airfield used by club members only.

(8) Restrictions on fimes when maintenance and testing
can be carried out.

(9} Oil and chemicals to be stored correctly.

{10) Airfield to record all movements.

{11) No unautherised landings from other airports.

{12) No training/instruction to be carried out on airfield.
{13} No "touch and go' operations.

{14} Make records of all take-offs and landings.

(15} Set up a Consultative Committee to deal with
complaints

Dealing with Complaints

Although a number of different actions can be taken to
deal with complaints from individuals who are annoyed
by aircraft noise, the action taken by a local authority

**Loy is statistical parameter which is often used fo
describe the background noise level. Lo, is the sound
pressure level exceeded for 90% of the time.
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varies depending on whether the authority has the rel-
evant experience to deal with the complaint.

The actions available include:

{1) Investigation by Environmental Health Officer

{2) Complaints reérred to the Airport Manager

{3) Complaints referred to the Civil Aviation Authority

(4) Complaints referred to the British Microlight Asso-
ciation

{5) Discussions between Landowner, Club, Airport Man-
ager and Health Officers.

Conclusions

A survey of the experience of Environmental Health Offi-
cers with the annoyance of microlight and light aircraft
has provided much useful information. The replies to the
circulated letter indicate that annoyance is as much duve
to the presence of light and microlight aircraft as the
noise they produce. Annoyance is also dependent on the
type of manceuvre the aircraft performs, for instance cir-
cuits and bumps seem fo be more annoying than normal
landings and take-offs. When people do complain about
the noise it is its long duration, highly tonal nature which
appears to annoy peop|e. The loss of privacy and safely
aspects of low level flight annoy people just as much if
not more than the noise itself. This implies that when mak-
ing an environmental impact survey it is important to
address such things as the flight paths, the height ot
which aircraft overfly property, hours of operation and
the types of operations carried out on the airfield as well
as an assessment of the noise.

Local Authorities have litle power to deal with the
noise from light and microlight aircraft. The only official
way of controlling the situation is to either refuse plan-
ning permission or fo lay down conditions on planning
approvals which limit the use of the airfield. Consultative
committees are useful so that local residents and per-
sonnel from the airfield can discuss the operation of the
airfield.

Complaints from local residents can be dedlt with by
the local EHO or the Airport Managers or referred to the
CAA or the British Microlight Association.
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TECHNICAL LISTENING: CAN WE ANALYSE THE |

SOUND SPECTRUM BY EAR?

Andrzej Miskiewicz

Introduction

Subjective assessment of the perceived characteristics of
a sound is an integral part of various activities in acous-
tics. Sound engineers, room acouslicians who design
concert halls, designers of electroacoustic systems and
other professionals in various branches of acoustics rely
on subjective evaluation as an ultimate indicator of the
sound quality. People who evaluate sound have to pos-
sess highly refined listening abilities which include acute
sensitivity to changes in sound quality and accurate audi-
tory memory.

The listening skills required for evaluating sound can
be developed by systematic training. A special course for
training technical listening skills, called 'Timbre Solfege’
has been developed at the Sound Engineering Depart-
ment at the Chopin Academy of Music in Warsaw,
Poland [1]*. The programme of Timbre Solfege deals
with various aspects of subjective sound evaluation. The
main topics included in the syllabus are as follows:

* Sensitivity and memory for timbre

» Commondlities in speech perception and sound
evaluation
Perception of loudness in music
Relationship between timbre, loudness, and pitch
Masking effects
Detection of distortion in sound recordings
Spatial hearing
Evaluation of the quality of musical recordings

* Assessment of audio equipment quality
The course's main goal of developing listening skills is
achieved by special lnboratory sessions, which consist of
various listening tasks. General characteristics of the Tim-
bre Solfege programme have been described in previous
papers [1, 2. The present article discusses in more detail
a part of the course which teaches how fo identify timbre
and detect various characteristics of the sound spectrum
by ear. This part of the programme should be of interest
not only to sound engineers but also to anybody in the
field or acoustics who faces the problem of subjecfive
evaluation of sound.

Timbre vs Sound Spectrum: What Is

There To Listen For?

It is well known that timbre depends primarily on the
spectral distribution of sound energy [3]. The character-
istics of a sound spectrum may therefore be identified by
ear on the basis of timbre perceived by the listener. In
order to establish what the listener hears when presented
with a sound having a certain spectrum, a ferminological
system for describing the sensation of fimbre is needed.
Although timbre is a commonly acknowledged attribute

.« & o 0 &
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of sound, no standardised system of terms has so far
been introduced for describing timbre characteristics. The
main difficulty in describing fimbre is its multidimensional
character. The concept of timbre encompasses a large
variety of interrelated characteristics, so the number of
timbre categories that can be perceived as separate qual-
ities is virtually unlimited. No one-dimensional scale —
such as the scales used for describing pitch or loudness -
can be applied for classifying timbre.

Among various spectral characteristics of sound that
determine timbre quality, formants (peaks of energy in
certain frequency bands) appear to have special sig-
nificance {4]. A formant-frequency scale of fimbre cat-
egories is used in the Timbre Solfege programme as a
teaching tool for training the listening skills. This scale
refers the qualities of timbre to certain combinations of
formants along the frequency continuum, The basic fim-
bre categories used as a reference for identifying a varie-
ty of timbre qualities correspond to nine 1/3-octave for-
mant bands centred at 63, 125, 250, 500, 1000, 2000,
4000, 8000, and 146000 Hz. The centre frequencies of
the formant bands correspond to the standard Frequency
bands used in filters and spectrum equalisers [5].

At the initial stage of training students are presented
with examples of the nine standard formants imposed
over the spectra of various stec:dy-stote and time-varying
sounds. The sound examples demonsirate that each of the
formant bands may be associated with a specific quality
of timbre which is common for a variety of sounds,
including music, speech, and noise. The students have to
memorise the fimbre qualities corresponding to the nine
basic formant categories. Those nine formant standards
are used in further tasks as a reference for identifying
more complex changes in the sound spectrum.

A very effective aid in memorising timbre categories
associated with cerfain formant frequencies is based on
the vowel-like quality of sound. The idea of describing
timbre on the basis of its similarities with vowel sounds is
well known and has been discussed by several authors
[eg 4, 6]. The spectrum of a vowel sound consists a series
of formants; each vowel is thus acoustically defined by
the frequency distribution of its dominant formants [7].
However, the vowel-like character of sound can be iden-
tified quite easily on the basis of only one of its formants.
Depending on the vowel, this perceptually dominant for-
mant may correspond to the position of the first, second,
or even third formant along the Frequency scale. When a
formant of the same or close frequency is imposed over
the spectrum of any other sound (eg music), the sound
qua|i||y becomes vowel-like and resembles that particular
vowel,
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Table 1 specifies the vowel sounds associated with the
formant standards used in the Timbre Solfege listening

- tasks. It should be noted that only five of nine formant -

standards produce a vowel-like quality of sound; the
remaining four standards have to be memorised and
identified on the basis of other cues. The formants centred
at 63 and 125 Hz are recognised os loudness boost of
low-frequency components, while the 8000 and
16000 Hz formants are identified as a boost of very high
frequencies. Since the 63 Hz and 16000 Hz formants are
located in the frequency ranges being close to the bounds
of hearing, they are easy to distinguish from their adjo-
cent formant category.

As the training proceeds, the nine basic formant cat-
egories are expanded to 27 one-third-octave bands
extending from 40 to 16000 Hz. The timbre qualities ot
the centre frequencies added in the expanded set of for-
mants are identified by their relative locations in respect
to the nine standards. The kansition from one vowel-
category to another is gradual, therefore, a formant cen-
tred at a frequency being between the main categories
listed in Table 1 results in an intermediate quality of tim-
bre, eg shifting the centre frequency of a 500 Hz formant
down to 250 Hz changes the vowel-like colouration from
/>/ (as in bought) to /u/ {as in tool). A formant centred
at 400 Hz would produce an intermediate vowel sound,
between />/ and /u/. By referring such an intermediate
vowel sound to the adjacent formant standards the listen-
er can realise thot the colouration corresponds to a for-
mant frequency between 250 and 500 Hz.

centre formant frequency vowel sound

63 Hz
125 Hz

250 Hz /u/ {as in tool)

500 Hz />/ las in bought)

1000 Hz /a/ las in car)

2000 Hz /e/ las in get)

4000 Hz /i/ las in feet)
8000 Hz

16000 Hz

Table 1. Centre frequencies of the 1/3-octave-band for-
mant standords used for timbre cdlassification. Vowel
sounds associated with certain formant bands.

Most students use the vowel cue only at the initial
stage of training. As the students acquire greater skills in
evaluating timbre, they become capable of recognising
the basic formant standards in an absolute way, without
any reference to speech sounds.

The modifications of sound spectra applied in the lis-
tening fasks include also low-pass and high-pass filtering
at various cut-off frequencies. The sound examples are fil-
tered using a 1/3 octave graphic equaliser. Low-pass fil-
tering consists in attenuating all the 1/3 octave bands
above a cerfain centre frequency; typically, six steps are
used, ie attenuated are all bands above 12.5, 10, 8, 6.3,
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5, and 4 kHz. High-pass filtering consists in attenuating
all the bands below a certain centre frequency and
includes six steps which are 315, 250, 200, 160, 125,
and 100 Hz. Changes of timbre related to filtering are
easy to memorise and identify. To aid in estimating the
frequency band, various associations with the quality of
sound reproduction encountered in real-life situations
may be helpful. For example, attenuafing the 1/3 octave
bands above 4 kHz produces a sound quality that resem-
bles an AM radio, attenuating the low-frequency com-
ponents is associated with o portable transistor radio.
Various cues for identifying the width of the frequency
band of music recordings may be found when one listens
to timbre changes in individual instruments.

Practical Listening Tasks

The Timbre Solfege classes are held in a listening room
designed to fit the acoustical requirements for sound-
quality evaluation [8]. The apparatus used for training
consists of high-quality sound-reproduction equipment
and a number of signal-processing units [2]. The sound
stimuli used for teaching include electronically generated
signals {tones and noises), recordings of speech and
sound effects, and a large variety of music recordings.

The part of the programme which deals with the
changes of timbre related to variations of the sound spec-
trum includes listening drills called passive and active
tasks. Passive tasks consist of specially transformed
recordings which are played to demonstrate timbre qual-
ities associated with certain modifications of the sound
specirum. The main purpose of the passive fasks is to
familiarise the students with the reference categories of
timbre associated with the nine standard formant bands.
In addition, students are presented with sound examples
demonstrating the effects of low- and high-pass filtering
at various cut-off frequencies. The students' task in pas-
sive drills is to identify the transformation of the sound
spectrum in the recording. At the beginning, the passive
tasks are simple and the students only have to identify the
centre frequency of a single formant imposed over the
spectrum of noise, speech or music recording. Later tasks
become more complex and include two or more mod-
ifications introduced at the same time (eg two formants
or one formant and low- or high-pass filtering). The pas-
sive tasks employ a limited set of formant frequencies
and include only the nine basic formant standards. The
expanded set of 27 one-third octave formant bands is
used only in the active tasks, as described below.

During the dctive tasks, the sound is transmitted
through two 1/3 octave graphic equalisers in parallel.
The instructor uses one o? the equalisers to modify the
spectrum of the sound that is played back. The trans-
formations set by the instructor are unknown to the stu-
dent. The student uses a switch to listen alternately to the
sound from the oulputs of both equdlisers, and, by
adjusting the controls of the second equdliser, fries to
make both output signals perceptually identical. In
another of the aclive tasks, two graphic equalisers are set
in series. The student compares the sound modified by
the instructor with the original sound {with no trans-
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1

formations). Using the other equaliser, the student has to
introduce an opposite transformation, to neutralise the
modifications ofpspectrum set by the instructor.

Initial active tasks are simple, the instructor introduces
typically two transformations at the same time, which
include two formants of the nine basic standards, or one
formant and low- or high-pass filtering. As the training

rogresses, the transformations of the sound spectrum
Eecome more complex and subtle. The number of trans-
formations increases to three or four and the set of for-
mants is expanded to 27 one third octave bands. The tim-
bre quadlities related to the intermediate formant centre
frequencies included in the expanded set of formants are
identified by their relative locations in respect to the nine
basic stanc];lrds. Typically, the boost of a 1/3 octave
band is set at a constant level. Occasionally, in more
advanced tasks, two or three levels are used {eg 3, 4,
and 12 dB).

Due to the very large number of changes that can be
made with a 1/3 oclave-band equaliser, adjusting timbre
by guessing is practically impossible. In orcjer to identify
complex modifications of the sound spectrum, the student
listens alternately to the sound transmitted through each
of the two equalisers and follows a sequence of activities
such as those listed below.

1. Identification of the number and character of trans-
formations {formants, low-pass and high-pass filtering).

2. Attenudtion of the extreme low or extreme high 1/3
octave bands (if low- or high-pass filtering is present);
once the frequency range has been properly set, it is easi-
er to identify formants.

3. Estimation of the formant frequencies by recalling the
memorised nine reference qualities of timbre. If all the 27
bands are used, the student may be able only to identify
the frequency ranges in which the formants are located
rather than point at the exact 1/3 octave bands.

4, Introduction of formants in the estimated bands and
adjusiment of their centre frequencies. If the procedure
permits more than one level of boost, the student has to
adjust the gain of the formant bands.

Using this strategy, most students are able to identify
three modifications in the sound spectrum and adjust tim-
bre in less than one minute. The active tasks are usually
well received by students since they resemble real situa-
tions encountered by the sound engineer.

Summary

Our experience with the Timbre Solfege programme
makes it evident that certain characteristics of the sound
spectrum may be identified by ear, on the basis of timbre
perceived by the listener.

The listening abilities necessary for andlysing timbre
may be developed by training. At the initial stage, train-
ing of the listening skills should be based on a limited
number of timbre standards which can be easily mem-
orised and serve as reference for identifying other timbre
qualities in more advanced tasks. The formant-frequency
scale is an effective tool for describing timbre and makes
it possible to refer the quality of timbre to the character-
istics of the sound spectrum.
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REGULATIONS
A R Woolf MIOA

BROADCASTING AND THE NOISE AT WORK

Summary

This paper considers some strategies and options in
implementing the Noise at Work Regulations 1989 in a
broadcasting environment. It is fo some extent a personal
view and every item in it should not be taken as repre-
senting official BBC policy. It must also be noted that no
policies or practices mentioned have been approved or
agreed by the HSE, or tested in court.

General Background
The BBC has known for many years that the ordinary day
to day work of broadcasting might expose some staff to
high sound levels. When the Noise ot Work Regulations
1989 [1] - here called, for short, the Regulations — came
into force, the BBC already had some noise control meas-
ures in place. These had gradually been introduced fol-
lowing the code of practice on industrial noise of 1972
[2]. Despite this experience we found it far from plain
sailing when we came to implement the Regulations. In
this paper | will look at some of the problems. | cannot
give all the answers: in some cases the BBC's policy is still
" the subject of internal debate or problems remain to be
resolved.

Music or Noise: The Old Chestnut

When an acoustic or safety consultant first discusses with
managers the question of noise control on speech and
music, the starting point will inevitably be the old chesinut
of whether the sound that you want to hear is as dam-
aging as unwanted sound. Of course one can simply say
that the law {or at least, the HSE, which is much the same
thing in practice} says music and noise are the same, and
that's the end of it.

However, more pragmatically, you can be fairly sure
that managers will not be committed fo enforcing health
and safety measures unless they themselves believe that a
real risk exists. The very idea that there may be danger
from something enjoyable, which gives no pain or obvi-
ous symptoms, and which is a major leisure activity of
much of the population, seems obvious nonsense to
some. Opposed perceptions can lead to mutual distrust,
and in trying to overcome this, it can be useful to remem-
ber that most people have literally no idea of how their
ears work, High intelligence and a good education seem
no bar to an un-arficulated beliet that noise induced
hearing loss is a psychological rather than a physical
Ehenomenon. A little information can go a long way to

elp matters.
What is 'Likely'?
The next step is fo make noise assessments; and this will
not be straightforward. Studio engineers and production
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staff tend 1o have a wide range of activifies, listening to
loudspeakers and on headphones in various places on
different types of programme material. The Regulations
are of course based on a single day's exposure, and
according to the HSE, if the exposure is variable one
should base the assessment on the 'worst likely' exposure
[3). '
This can lead to the apparently odd result that the
assessment, which is presumably intended to be a guide
to the risk, may bear litfle relation to it. For example, any-
one who regularly works on outside broadcasts might be
required to work in the pits at @ motor race, where the
day's exposure might be over 100 dB{A}. Whoever actu-
ally does the work should of course have appropriate
training and instruction and ear protection equipment as
the law demands. So unless you are prepared to restrict
who does what, there is a good argument that everyone
who might do the job should have the same assessment,
even though many of them might work on nothing noisier
than golf tournaments. l

There is an argument, possibly equally good, that the
assessment is meant fo bear some relationship with risk,
and therefore only those who have actually been exposed
to high sound levels should have a high assessment,
whatever might be considered their 'worst likely' expo-
sure. Provided that all staff get the necessary training and
equipment, the latter seems a reasonable course. How-
ever it can be hard to escape a feeling that neither the
regulations nor the HSE's guidance are well framed to
cope with people with only a moderate probability of
occasional high exposure.

Assessment and Self-control

Having dealt with this conceptual difficulty, you can begin
analysing work patterns and measuring the exposure
acquired during various activities. You will soon run up
against a fundamental problem: many of the exposures
are governed by the position of a volume control, set in
some cases by the employee you are trying to assess, and
in others by a colleague of his or hers.

Of course you can try to be reasonable about this; in
BBC Radio we found that in studios dealing exclusively
with speech, daily noise exposures from loudspeakers
would not be a hazard unless the volume was turmed up
so high that the neighbours {ie the next door studios)
complained. However, if the exposure can approach any-
where near one of the action levels, {and in studios deal-
ing with any sort of popular music this is not unlikely)
how can you be sure that the levels you measure are rep-
resentative for all staff2

There are two fundomentally different possible
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approaches. Either you can do a lot of measurement and
some statistical analysis in an attempt to assess the 'worst
- likely' exposure. This has the considerable advantage that
it will tell you what is actually happening. However the
measurements will not predict the future: the next new
recruit might happen to like it louder. Also you may well
find that the ‘worst likely' assessment is above the first
action level, and some further action will then be
required.

Alternatively you may decide that listening conditions
vary so much that measurements can give only a general
indication of the likely dose. Instead you can fry to put in
place limiters to control the exposure positively, or warn-
ing signals that will allow staff to control it themselves.
This may give greater security, but may require consid-
erable investment in technical modifications.

How to be Unpopular

The idea of controlling the maximum sound level that
monitoring loudspeakers can produce, does not go down
well with the audio practitioners. The sound engineer and
producer will be most concerned at the idea of any
device connected in the loudspeaker feed, that can make
what they hear in any way different from what they are
sending fo the listener at home. On hearing something
not quite right, they will, they say, immediately start to
worry about whether it was a technical fault or merely the
profection circuit operating. If this distracts them, or
makes them miss something they should have heard, the
programme will suffer. For many engineers who do music
recording the very idea of inferposing any clien equip-
ment into the system that they are using to assess the del-
icate adjustments by which their professional competence
is judged, is anathema.

Dose Control or Level Control?

When you are considering how exactly to control the
exposure without unduly annoying the 'golden-eared’,
some helpful person will probably point out that the quan-
tity which the Regulations require fo be controlled is not
level, but dose — the total A-weighted sound energy over
the working day. It is tempting to try to control this quan-
tity directly, because the doi?y exposure to sound from
loudspeakers will often be for a period less than eight
hours, and not all the time at the highest level; so a cor-
respondingly higher maximum could often be permitted.

Against this must be set a number of factors. Firstly,

staff would have to stop work when their dose reached
the relevant action level — which could be awkward in the
middle of the 9 o'clock news. Secondly, an individual's
.daily noise dose may be acquired during a number of
different activities in different places, so the only valid
check would be to give everybody an individual dose-
meter. The initial cost, additional administration and cost
of maintenance and calibration, as well as the well
known problems of getting reliable dosemeter readings,
make this impractical.

Finally, dosemeters would not measure exposure from
headphones. Overdll, the seemingly atiractive option of
controlling total dose gives more problems than it solves.

However, since maximum level is so manifestly the
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'wrong' thing to measure and control, it is also offen sug-
?:sfed that it is better to control or indicate L, over a

irly short time such as five or ten minutes. Unfortunate-
ly, in practice the effect of integration is such that, after a
period of high level that does not quite operate the cir-
cuit, what finally nudges it over the edge may well be a
relatively low level item. This makes such a system incom-
prehensible to the non-technical user, and infuriating to
everybody.

BBC Network Radio is currently continuing with the
system that has been used for many years, of high sound
level warning lights in control rooms where it has been
found that there is a reasonable likelihood of exceeding
the first Action Level of exposure. {In practice these are
exclusively rooms dealing with popular music.) The lights
are sensifive to maximum A-weighted level as this gives
immediate feedback to the operator on the effect of
changing the level.

This system has the advantage that the high sound
level detection and warning system has no electronic
connection with the rest of the studic equipment. A
microphone set into the ceiling or suspended above the
operator's position detects the sound, and is calibrated
with reference to the level at a typical listening position.
Amber 'warning' and red 'action' lamps are provided,
with operating levels separated by 5 dB. Similar systems
are commercially available.

This does put the onus on the individual operator to
take notice of the lamps and reduce the volume when the
appropriate lamp flashes. However this is in principle lit-
He dil'érenl from requiring a machine operator fo ensure
that the appropriate guords are in place when the
machine is running.

Headaches from Headphones
Headphones pose their own special problems. It has
been found that it is difficult to judge sound level from
headphones, and many people will set the level higher
than they realise. Listening is private; there is no immedi-
ate evidence that the level is high, and the neighbours
will not be disturbed.

Most headphones have high overload points, so that
a small innocuous-looking pair of ‘cans” may potentially
give greater noise exposures than a pair of large rock
music monitor loudspeakers, depending only on the
amplifier to which they are connected. low impedance
headphones ofien need only a small voltage to give high
sound levels. Unless care is taken, it is by no means
impossible fo produce systems which con exceed not only
the first and second action levels of the Regulations, but
even, where there can be loud clicks from switching, the
peak action level of 200 Pascals.
Headphones: Problems of measurement
Measuring sound exposure from headphones is itself not
simple. Annex 1 to the Regulations, in defining the sound
pressure that is to be used in calculations, refers to:
... the time-weighted value of A-weighted instantaneous
pressure in Pascals in the undisturbed field in air at
atmospheric pressure to which the person is exposed ....
or the pressure of the disturbed field adjacent to the per-

43



In))))))))
FOR NOISE ANALYSIS - SoundPLAN* LEADS THE WAY!

SoundPLAN* is a proven, flexible and comprehensive software package for noise and air poliution
investigations that has sold nearly 600 copies worldwide. Consider the range of applications:

© ROAD, RAIL AND AIR TRAFFIC SYSTEMS ¢ CAR PARK DESIGN ¢ DISTRIBUTION DEPOTS
© INDOOR FACTORY NOISE ¢ INDUSTRIAL COMPLEXES ¢ RECREATIONAL FACILITIES
¢ AIR POLLUTION INVESTIGATIONS

SoundPLAN, designed by Braunstein + Berndt, meets international standards and provides acoustical
— . engineers with an invaluable and accurate noise calculation
RSN package and superb graphics to support all levels of presentation,

3 petes 2= including public enquiries.
R g public eng
gl

i

-_»_.__\\_
=1 Sound level diagrams

o
\"- c.:' _!‘n.l,ir!'

For information on SoundPLAN, support
and consulting services, please contact:-

KIRBY CHARLES
ASSOCIATES
9 Dinnington Business Centre,
Outgang Lane, Dinnington,
Sheffield. $31 7QY
Tel: {0909} 560655 Fax: (0909} 560821
Contact: Tony Charles

High Quality Graphics include: Sound level

Diagrams, focade, Grid & Noise Contour Maps. *Copyright Braunstein + Berndi 1994 B21/94

SaundP len

A,

B sound level meters

COUSTONE )

The PERMANENT Solution to

\ .
u personal\dosemete}'s Noise Problems _
LAy « Excellent sound insulation and absorption
E statistical a\QaIysers » Durable - impact resistant
l vibration analygers » Widest colour choice

« Full design and installation service
PLUS

For exterior use
* Weather and frost resistant
* Self-cleaning

For interior use
* Easy to clean and disinfect

Further information from Eric Chadwick or Mike Hadfield at:

M ‘real-time freql}ency

Qﬁegysers \\

Rental is'the key to handling peak

N .
workloads and short-term projects cost:
N\ effectively. With !

. wtal you can
7 k('{":'-"c‘.r @'%39 make

4_,‘,*6‘(“5? use f)f
s nessential

y &9 noiseund

-%s it . 3
% W vibration o
2 monitoring
& equipment for a

& fraction of the
purchase price.

iy LIVINGSTON HIRE

Europe’s No. 1 in Eléclronic Equipment Rental

SOUND ABSORPTION Ltd.

Unit 6, Bentwood Road,
Carrs Industrial Estate, Haslingden,
, Lancs. BB4 5HH
kTel: (0706) 213477 Fax: (0706) 214147

/

LIVINGSTON HIRE LIMITED
Livingston House, Queens Road,
Teddington, Middlesex TW11 OLB.
Fax (81-977 6431

Acoustics Bulletin March / April 1994



son's head adjusted to provide a notional equivalent
undisturbed field pressure.

One cannot sensibly measure sound level from head- -

phones as 'undisturbed field', so the 'disturbed field' (ie
in the presence of a head) must be measured and the
result 'adjusted'. There is no published guidance on how
one should measure and suitably adjust the result,
although the HSE specialists can give useful advice. (The
advice in the HSE's Noise Guide No 3 [4] may mislead
some, as it refers only fo the use of a miniature micro-
phone under a headset, whereas the use of an 'ear sim-
vlator' may in many cases be the best method [5]).

To do the job properly requires unusual equipment,
and will be beyond the capabilities of a person whose
only specialist acousfic training is a stendard Competent
Person's course lasting a few days. In other words, it wilf
not be cheap.

In television, the widespread use of insert earphones,
and their high sensitivity and potential for giving high
sound levels, demands a method of measurement that will
cope with them, Some form of coupler or ear simulator is
essential and considerable correction of the results will be
necessary.

Headphones: Controlling Levels

In a very small broadcasting organisation, it may be pos-
sible to standardise on one type of headphone and to
modify all possible outlets into which headphones can be
plugged to limit the maximum drive voltage. Even in this
easiest of situations, this strategy will lead to continuing
difficulties; for example when the chosen type of head-
phones becomes obsolete and you end up with a mixture
of different types, and when some equipment is inevitably
found difficult to modify. Nowadays much listening takes
place in offices, and often on domestic equipment, so a
comprehensive policy must include all the headphones
used by production staff.

In a large broadcasting organisation, the quantity,
variety, and rate of change of equipment into which
headphones can be plugged, is so enormous that no
strategy based on modifying headphone outlets is prac-
tical. The BBC realised this a long time ago, and devel-
oped sound level limiters [6] that can be fitted to the
headphones themselves. These BBC designed limiters are
now commercially available.

Pressure by some European countries for safer head-
phones for domestic listening may eventually lead to com-
mercial headphones with buil-in limiters. In that case, if
the HSE also accepts that such devices will automatfically
keep the user within the law, it will make life much easier.
However there are many problems to be overcome before
this happy state arrives.
Headphones: Problems in Use
It must be admitted that until recently, only a fairly low
percentage of BBC headphones has been Eﬂed with lim-
iters. This is mainly due to the problems outlined below.
However the situation is rapidly changing; for example
the fitting of limiters to over 1000 pairs of headphones
vsed in the Network Radio directorate, is scheduled for
completion in the first half of 1994.

For the headphone users, high sound level limiters
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present several practical difficulties. Firstly there are prob-
lems associated with the programme material itself.
When edifing, it is often necessary to listen to quiet-items
next to loud ones — for example, a quiet intake of breath
or faint rustles preceding the start of a piece of music, or
the end of a musical die-away. Attention to such detail is
fundamental to quality editing. Yet constantly adjusting a
volume control is awkward and slows down what people
have learnt, over many years, to do as a smoothly flow-
ing process.

Headphones: Noisy Environments

Secondly there are the problems of listening on head-
phones when the background noise is high. The circum-
stances may vary, from, for example, a junior engineer
tidying up’ a frack at the back of a control reom while
his senior colleague records the band's next number, to a
commentator in the pits at the Formula One Grand Prix at
Silverstone. Noise excluding headphones can help. How-
ever, in the first case the engineer also needs to know
what is going on in the control room and cannot be com-
pletely isolated. In the second case even very good noise
excluding headphones barely keep out enough sound to
allow listening to the cue programme at a level that will
not itself cause excessive exposure.

The second example is extreme, but background noise
is o problem in many outside broadcasts and, if listening
critically, in many other situations. Active noise cancelling
headphones may provide some answers to this, by reduc-
ing break-in of low frequency sound that is most effective
in causing masking, but at present they are very expen-
sive and unsuitable for most broadcasting applications.
Television camera operators have a parficular problem of
needing to hear the programme sound fogether with
confinuous stream of instructions, often in very noisy cir-
cumstances such as a "Top of the Pops' recording.

Other safety aspects must not be forgotten; a person
using noise excluding headphones to work in an open-
plan office must still be able to hear the fire alarm.
Headphones: Foldback to Musicians
Thirdly, there is a specific problem associated with live
music recording. Musicians in bands often require 'fold-
back' on headphones to enable them to play tfogether,
either with others in different parts of the studio or with
prerecorded moterial. The band sometimes provides this
foldback from their own resources, but studio equipment
is very often involved. Foldback to a brass group or a
drummer may have to be very loud to be audible. This is
perhaps o grey area legally — the broadcasting organ-
isation may not employ the musicians directly, but it is dif-
ficult for it to abdicate all responsibility for sound levels
provided via its own equipment. In the BBC, the studios
which do most of this type of work are equipped with
headphones attached to boxes which carry high sound
level warning lights and warning signs. It has been found
that a striclly engineered limitation on level in these cir-
cumstances, results in no recordings. Of course if we
implemented such a limitation, the recordings could still
be made - but in non-BBC studios.

Headphones: DJs
Fourthly there are the DJs, more formally known as self-
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operating presenters on popular music programmes.
These are of course performers employed E)r their per-
sonality and ability to project a particular image. All DJs
listen on headphones much of the time, and those who
deal in rock and pop music often require high sound lev-
els. | have no doubt that DJs use these high sI’e\.fels to ena-
ble them to generate the required atmosphere of excite-
ment. They are also used to hearing their own voice
{which, since it is their living, is ncfura?ly of prime impor-
tance to them) in their ears at this high level, and often in
headphones of their own choice which they will carry
from one job to another. Any altempt to restrict the maxi-
mum sound level to less than they want will make them
most upset.

| think there are two things needed to overcome this
problem. Firstly, good and convincing education in the
causes of hearing damage; and secondly a common
approach by all who use DJs, not only broadcasters but
also clubs and discos. Until this happens, any attempt to
control headphone levels will lead to continued argu-
ments that DJs are allowed what level they like in other
places. BBC Network Radio is currently considering meth-
ods of giving DJs a warning light system similar to that
used for |ouc?speokers.

Portable cassette players

Finally on headphones, there is the problem of Walkman
type portable tape cassetie players. These are widely
used by production staff for listening to tapes submitted
by would-be performers and keeping up to date with
broadcast progrommes. Many of these machines are
capable of providing an excessive sound level under the
Regulations, although the law permits them to be sold
freely for non-work uses. They are usually provided with
a fig-leaf in the form of a warning about high sound level
in the instruction manual. Your guess as to the chances of
a professional user reading this is as good as mine.

The BBC has solved the technical problem of design-
ing an effective limiter which will work with the low impe-
dance, high sensitivity headphone that personal cassette
players use. However the fitting of such a limiter may well
quadruple or quintuple the cost, not just of the head-
phones but of the whole ouffit. There is considerable resis-
tance in any orgonisation to such a relatively expensive
move, particularly when millions of the same devices are
in use by the general public without protection, and one's
competitors do not seem to be concerned.

Conclusion

This survey has not been exhaustive, but shows some of
the problems likely to be faced by anyone attempting to
formulate and implement noise control policy in broad-
casting. (I have not even touched on the noise exposure
of musicians from their instruments, as in Britain the BBC
is the only broadcaster that employs musicians on salary
or long term contract. However any organisation that
employs both orchestras and acoustic engineers cannot
escape some responsibility in this field}. The overall con-
clusion is that in many areas solutions are possible,
although in some they involve considerable expense and
effort. In some areas the solutions are still not clear.
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Those who work at the programme producfion 'coal-
face' of broadcasting are in general highly committed to
achieving the best possible product, and believe strongly
that they need to use particular working practices. If they
see noise control as gefting in the way of their pro-
ductions, it will not be easy to introduce it effectively. In
overcoming this barrier, education and persuasion is
vital. Although it is civil litigation and thus not directly
applicable to the Regulations, the case of Berry v. Stone
Manganese Marine Lid (1972) [7] may be relevant. Here
the judge made the point that because noise hazard is
not self-evident, mere enforcement of wearing ear pro-
tection is not enough, but it is the duty of employers to
take steps by persuasion and propaganda to ensure that
ear protection is used.
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Consultancy Spotlight

THE NOVOTEL HOTEL COMPLEX, HEATHROW
J D Tate AMIOA & W Stubbs FIOA

Introduction

A new Novotel hotel has been constructed at Heathrow
Airport. The project was awarded to Wimpey Construc-
tion UK Ltd under a £7 million design-and-build contract
from the French group Accor. Work on the 178 room
luxury hotel began in March 1991 and was completed in
June 1992.

A general brief was provided by Accor UK Man-
agement with additional specifications on acoustics being
supplied by Hann Tucker Associates. Throughout the pro-
ject, Wimpey Environmental assisted Wimpey Construc-
tion in the acoustic implications of site-specific design
and construction details.

The Novotel site lies just off junction 4 of the M4
motorway. Heathrow airport lies 2.5 km to the south of
the site. The four-storey building forms a horseshoe
shape around a 14 metre high atrium which houses the
reception areq, lounge, bar and restaurant. The Nov-
otel's location makes it an ideal meeting place and this is
reflected in the five conference rooms available for hire.
A leisure centre consisting of heated indoor swimming
pool, exercise room and changing area completes the
hotel's facilities.

Accor's self imposed primary objective, however, is
‘selling sleep’. Given the location of the site and the
multi-function role of the building, it was obvious from the
beginning that in order to achieve this objective, the
acoustic design of the Novotel would be of great
importance.

Sound Insulation
Accor's own UK specification contains a very detailed
section on acoustics. Ultimate criteria are set in terms of
Noise Rating (NR) values for various areas within the
hotel complex, see Table 1. A figure of NR 20 is quoted
for bedrooms. For this particular site, however, much of
the general specification was replaced by one specifically
for the site.

An initial environmental noise survey by Accor's con-
sultants on the proposed site established typical external

background noise levels of 50-55 dB Lygg 1 falling to 45
Lugo 7 in the small hours of the morning. Corresponding
values of traffic noise from the M4 and its slip road were
60-65 Ly o7 falling to 50 dB Ly,q 1 at night. This back-
ground noise survey was used to establish guideline spec-
ifications for construction details and also break-in cri-
teria for affected rooms, see Table 1.

The underlying structure of the building consists of a
traditional in-situ concrete frame, supported on piled
foundations with circular columns from ground to first
floor. From the first floor to the roof, a concrete frame
was constructed using a purpose made form work system
to produce an egg-crate-shaped skeleton ready for exter-
nal finishes to be applied. This method of building is
known as a "tunnel form' construction. The actual build-
ing incorporates three contrasting colours of ferracotta,
red and cream 100 mm face brick, 50 mm cavity with
strip ties and insulation to the 140 mm rendered dense
concrete structure.

For aesthetic reasons, secondary double glazing was
not considered to be appropriate in bedrooms. Custom-
made thermal type double glazed units were, therefore,
specified. A conliguration o? 10 mm clear glass/12 mm
air gap/17 mm laminated glass was fitted into an alu-
minium framing system. The units can pivot at the botiom
for ventilation or are fully openable. Special packing
wedges had fo be provided, however, to prevent the
sheer mass of the window causing it to drop when fully
Opened.

As with all glazing treatments, an area requiring par-
ticular attention was the junction between the window
frame and surrounding building fabric. An expanding,
dense, polystyrene foam was used between the frame
and surrounding structure and this was allowed to set
hard prior to plastering inside and external sealing with
conventional caulking compound.

In order to check the performance of the composite
facade, a mock up bedroom was constructed on site. This
room was fully carpeted and furnished for the purposes
of the test. The test results are given in Figure 1. The con-
struction exceeded the theoretical pre-

diction except for a slight deficiency at

Accor UK Specification | Novotel, Heathrow, Criteria 2 kHz. The cause of this was quickly

Area Internal noise levels Internal break-in noise traced to a small section of missing
(NR) (dBLA1O,T) blockwork on the returns of the window

Guest bedrooms 20 35 (0700-2200) reveals which was remedied in the final
25 (2200-0700) construction itself. An external level of

Conference rooms 25 o traffic noise was reduced from 68 L,;0 ¢
Banqueting rooms 40 35 to 22 dB Ly,o7 internally. Subjectively
Public rooms 40 40 this transformed the roar of passing
;C'rc"lc'"o" Aree - =0 HGVs outside to no more than a gentle
Table 1. Extract from acoustic specifications sw?:r It?\::j:-be drogims overlagking the
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Novotel - External sound insulation
Predicted v. measured values
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Fig. 1. Sound insulation of composite external bedroom
facade

Novotel - Atrium reverberation times
Predicted v. measured values
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Fig. 3. Reverberation times of atrium

Atrium, 20 mm Pyrostop glass was used in a sealed unit.
In the case of those bedrooms adjoining lift lobbies,
additional insulation to the concrete structure was pro-
vided with the British Gypsum Laminated Wall Lining
System. Commissioning tests recorded an A-weighted
pink noise level difference of 56 dB through this
construction.

The centre piece to the complex is the glazed Atrium,
see Figure 2. leading off this is the restaurant/dining
area together with meeting rooms, banqueting halls and
swimming pool. Given the large volume of this space,
together with the multifunction adjoining areas, the client
was initially concerned that reverberant noise levels with-
in may cause problems and consequently specified space
absorbers. An analysis of the Atrium acoustics by Wim-
pey Environmental, however, indicated a predicted mid-
band reverberation time of 2.3 s. These predictions are
compared with measured values in Figure 3. By not
using the space absorbers, the architectural integrity of
the design has been retained without compromising the
intimate atmosphere of the area.

Fig. 2. Internal view of atrium
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Particular attention to detail was also required for the
meeting rooms adjoining the Atrium. Again for aesthetic
reasons, a sound lobby from the Afrium to these areas
was deemed unsuitable. In the actual construction, a 6/
12/6 mm thermal double glazed partition incorporating
44 mm Beech-faced solid core doors was used. A target
A-weighted, pink noise level difference of 34 dB had
been specified for this partition. At the commissioning
stage, however, only 29-31 dB was being recorded. A
close inspection, however, revealed that the seals between
closing surfaces of the doors were inadequate and that
some of the 'blind' diffusers in the Atrium led straight into
the ceiling void of adjoining meeting rooms. Treatment to
these areas with proprietary seals was sufficient to
achieve the specification.

Since the various rooms within the Novotel generally
have a multi-purpose role, some of these areas have
mobile partitions which can be drawn across. The insula-
tion specification for these was an A-weighted pink noise
level difference of 40 dB. This was based on a laboratory
measurement for a specific system which had then been
corrected to a field result by subtracting 5 dB. Commis-
sioning fests, however, indicated actual results of only
30 dB. Various checks were carried out to ensure correct
installation/operation, void barrier integrity etc. These
were dll found to be in order. Given the sound insulation
difficulties which are often encountered with mobile parti-
tioning systems, it may be better to use sound insulation
data from field tests when specifying particular units rath-
er than corrected laboratory results.

Services Noise
Wimpey Environmental's involvement in this area came
only at the commissioning stage. A certain amount of dif-
ficulty was encountered at this time since there had been
no formally agreed specification for the contract and such
vidance as was available came in the form of 'dB(A)
ﬁgures as opposed to the preferred NR specifications of
BS5720.
The HVAC contractor had provided a commercial
installation which was suitable for use in a hotel complex.
Unfortunately, however, this was not compatible with the
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acoustic environment required at the Novotel.

The main plant room is at the western extreme of the
site behind the kitchen area. A second, smaller room was
also provided at ground floor for the Atrium air handler
unit (AHU). A third party was situated in the roof above
the third floor bedrooms. Of particular concern was noise
break in to rooms immediately below this area. The rea-
son for this problem was immediately obvious upon a vis-
val inspection of the plant room. During the installafion,
the 100 mm steel mounting channel and isolating system
for the AHU had not been fitted. This meant that the AHU
was resting directly on the structural concrete slab. The
tunnel form construction already described, results in a
very 'live’ structure and to prevent problems elsewhere in
the building it was, therefore, necessary to take acfion
with the AHU.

Vibration measurements on the structural slab record-
ed levels of vibration of 0.06 mm/s PPV in the z-direction
(= 0.012 m/s2 rms acceleration} with a significant fre-
quency component at 40 Hz. This was clearly associated
with the fan motors which were running at 2400 rpm.
These were, however, already vibration isolated and,
when taken in the context of the recorded vibration levels,
structure borne vibration was not thought to be the cause
of the problem.

Since the AHU was already in-sitv and operational, it
was not possible fo raise it through any great height with-
out major modifications to ductwork etc. The solution,
which was not Wimpey's preferred approach was car-
ried out by HVAC consultants and involved placing 35

Consultancy Spotlight

mm Tico pads strategic locations beneath the AHU. Sub-
sequent vibration measurements after this freatment
recorded only a minimal change in vibration level. The
acoustic effect of the Tico pad in the bedroom below,
however, was to re-shape the noise spectrum, giving a
subjectively more acceptable sound {resulting in NR 33 to
NR 30). This was presumably due to the creation of an
airgap between the AHU casing and the floor.

At the same time as the Tico pad was installed, the
main supply duct to the AHU was treated with Reverfex
barrier mat. Noise breakout from the duct was a sig-
nificant contributor to the overall level in the plant room
and upon treatment noise levels fell from 81 dB Ly 1 to
79 dB L. 1.

Problems in other areas were mainly due to regener-
ated noise from excessive air velocity. This was remedied
by increasing the area of diffusers where possible.

Conclusion

The Novotel is now fully operational and enjoying heavy
demand for its facilities. Close liaison with the building
contractor and client throughout has produced an acous-
tic environment of high quality. The particular difficulties
with services noise has highlighted the need for a clearly
defined specification which is both workable and fully
understood by the contractor at the tender stage.

1 D Tate AMIOA and W Stubbs FIOA are with Wimpey
Environmental, Hayes, Middlesex.

Wimpey Environmental are members of the Association
of Noise Consultants &
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The Kemo VSS31 spectrum shaper allows precise control over the frequency
spectrum of an audio-band signal, with 31 one-third octave bands covering
20Hz to 20kHz. Eight-pole filters provide Class 3 attenuation levels (-24dB at
adjacent band centres), while switching back to 4-pole mode provides an ultra-
smooth passband response, with switchable computationai enhancement of
the fit to the selected response shape.

Channel gain can be adjusted from +31.5dB to -31.5dB in 0.50B steps,
while an optional compressor board provides an extra 51.5dB of adjustable
attenuation and soft-start facilities. Manual interaction is through simple
controls with a clear backlit LCD display on which all parameters can be
shown. Nine complete setups can be stored in non-volatile memory. An
RS232 interface is fiited as standard, with GPIB as an option, and
programming is via a simple high-level language. When rack-mounted, the
V5531 takes only 2U of rack height.

Muttiple channels can be ‘slaved’ 1o the master unit, allowing sterec and
multichannel operation. Versions covering other frequency ranges can also be
supplied, for infrascnic research or ultrasound modeiling. @ Registered Trade Mark.

Kemo Ltd., 12 Goodwood Parade, Elmers End,
Beckenham, Kent BR3 3QZ.

Tel: 081 658 3838. Fax: 081 658 4084.

A new standard in low-cost
laboratory filtering

The Kemo VBF2 offers one or two
channels of filtering, and is suitable for
a wide range of applications. The
compact dimensions (88mm W x
317mm L x 132mm H) and low cost
of the VBF2 represent an advance
over existing laboratory filter units.

The VBE2 signal channels are
based on Kemo's proven VBF21M
multichannel system; each channel
offers 9900:1 frequency range
beginning at 0.1Hz, 1Hz or 10Hz
depending on model. The filter can be
switched between lowpass and
highpass, or bypass. Qutput and
differential input are via BNC
connactors.

Cutoff frequency is set easily and
repeatably with 2-digit precision on thumbwheel switches. Toggle
switches select other functions including 12dB of gain or attenuation of
the signal. The B-pole filter respanse options available provide
significantly better attenuation levels than conventional 4-pole
Butterworth filters, and can be switched into ‘pulse’ mode, in which
overshoot on transient signals is virtually eliminated.

Single-channel units can be upgraded in the field with an extra
channe! chosen from the VBF21M range, and a DC input power supply
covering the 9 — 36V range is available as an option. @ Registered Trads Mark.

Kemo Ltd., 12 Goodwood Parade, Eimers End,
Beckenham, Kent BR3 3QZ2.
Tel: 081 658 3838. Fax: 081 658 4084.
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Compactdoors are the natural timber
acoustic door range giving a quality
appearance - and perfect control of internal
noise.
So now chattering secretaries,

boisterous young executives, telephones,

) word processors and competing meetings

) can be suddenly silenced.

\  And, since Compactdoors are supplied

! exclusively by Applied Acoustics

| Venables you can have

""';L
L

absolute confidence in the advisory service
backing this versalile range.

For a quieter life always specify
Applied Acoustics Venables for a truly
professional design and fixing service.

Applied Acoustics Venables

A part of Henry Venables Ltd.

TH L

For fuil details of
V either Venwail, Profilia,

Tonewood, Sylvatone,
Woodacoustic, Steeltone,
Compactdoors contact
Applied Acoustic
Venables, Doxey Road,
Stafford ST16 2EN.
Tel: (0785) 59131,

ACOUSTIC CONSULTANT

BDP Acoustics is a subsidiary of the mulii-discipline design practice Building Design Partnership
and operates from the practice's Manchester and London offices. Facets of design include

environmental noise, architectural acoustics, building services nocise and vibration, and

sound systems.

We are seeking a graduate acoustic design engineer with several years'
on projects refating to the building industry. The successful applicant will be expected to

liaise confidently with architects and engineers on design teams within BDP and direct to

external clients. Salary negotiable.

Please write enclesing a full curriculum vitae to Duncan Templeton

practical experience

BDP ACOUSTICS SUNLIGHT HOUSE PO BOX 85 QUAY STREET MANCHESTER M6&0 3JA
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Institute Affairs

| NOISE INSULATION REGULATIONS FOR NEW
RAILWAYS AND OTHER GUIDED SYSTEMS

Report of the Institute of Acoustics Workshop, 6 December 1993

Geoff Leventhall FIOA

The development of new railway systems in the UK, rang-
ing from town light railways {the rebirth of the tram) io
the proposed light speed Channel Tunnel Rail Link has
led to the requirement for Noise Insulation Regulations
and a noise calculation method which parallel the well
established road traffic procedures.

The first step to satisfying the requirements was in the
report of the Mifchell Committee {Railway Noise and the
Insulation of Dwelfings, HMSO 1991). The report rec-
ommended a national noise insulation standard for new
roilway lines. However, the recommendations were mod-
ified before acceptance by the Minister and are currently
06.00 to 24.00 68 dB(A) log =18 hour
00.00 to 06.00 63 dB(A) Loy =6 hour
in order to give equitability with road traffic levels.

The first Mitchell Commitiee was followed by o sec-
ond Committee which delivered Noise Insulation for Rail-
ways and other Guided Transport Systems and also a
caleulation procedure for predicting railway noise. The
documents produced by the second Mifchell Commitee
were issued for comment in October 1993 and the Inst-
tute's response follows:

Following publication of the Consultation Document
the IOA arranged for a Discussion Workshop to be held
in London to formulate an Institute response. The Work-
shop was atended by nearly 40 delegates. At the com-
mencement of the Workshop, all documents in the Con-
sultation package were reviewed in order o select topics
for further, more detailed, discussion. The initial range of
topics for discussion was reduced, by agreement, to the
following as topics of most importance:

* Intensification

* Maximum pass-by level

* Eligibility distance

* Effect of points and crossings

* Barriers

* Propagation over ballast

* Facade correction

* Effect of rail wear

* Inclusion of generic train types

* Validation of {a) accuracy, (b) implementation

* Action levels and assessment periods.

Intensification: The Workshop's view was that NIR
{Noise Insulation Regulations) action levels should not be
exceeded by a plonned increase in exposure which
would occur over a defined time period, and that this
can be distinguished from 'simple' intensification. Such a
planned increase in exposure should be included within
the Regulations.
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For example it is possible to define intensification
which qudlifies for inclusion in the following way:
{1) There is an increase in level of N dB[A)
{2) The new level exceeds the NIR trigger level
{3) The planned change occurs over a period of Y years.
The values of N and Y are open to discussion, but the
Workshop generally favoured N = 3 dB{A), Y = 15 years.
Moximum Pass-by Level: The workshop took the fol-
lowing views
(1) Para 2.1.6 in the Explanatory Note was not clear in its
reference fo small numbers of trains. Several members of
the Workshop had carried out preliminary estimates
which showed that 10 — 20 trains with L__, of 85 dB(A)
could pass in the é-hour period before the trigger level
was exceeded. The actual number depends on speed and
length of train. The Workshop felt very strongly that the
Explanatory Note was incorrect and misleading on this
oint.
r2) It was felt that the protection of a maximum level
should be included. However, it was accepted that meas-
urement of a maximum level has uncerfainties and may
not be technically supportable, as it suppresses the time
dimension. Thus the criterion might be set in terms of SEL
or short L.

An alternative which alse.found favour with the Work-
shop was to define the night-fime levels as: 'The six-hour
L., should not exceed 63 dB(A), whilst any one-hour L,
should not exceed N dB{A)." Suitable choice of N will
give the desired protection. This method is similar to that
used in controlling construction noise.

Distance over which Regulations apply: The Workshop
felt that limitation fo 300 m was too restrictive because:
(a) eligibility should depend on the noise from the new
line and not distance from it and {b) a segment extension
could give a distance greater than 300 m. This requires
clarification.

Track Types (Table 1, page 15): The following omissions
were noted:

Points and crossovers, bends and tight curves, rail wear.
The Workshop noted that points and crossovers cause
enhanced levels in their vicinity and that a way of includ-
ing these should be found. The local level increase could
be at least the same as that for jointed track.

Bends are known to cause enhanced level. These
should be included, perhaps by relafing speed and
curvature.

The Workshop believed that track should be included
in its typically worn 'average' state, not new 'ideal’ state,
and that an allowance for rail wear should be added at

51




Institute Affairs

]

some point in the calculation procedure, either in Table 1
or in the source levels, or as a separate oddition at an
appropriate stage of the calculation.

Barriers: The Workshop noted the differentiation between
reflecting and absorptive barriers. However, this categor-
isation depends on the distance from the train. For exam-
ple, absorptive barriers lose their benefit as the distance
from the train increases and train/barrier reflection
becomes less important. Can guidance be given on this2

It was also noted that the curve fitting equations for
the barriers are more complex thon well established
equations and that the difference resulting from the two
sets of equations is small. Could simpler equations be
used?

Propagation over ballast: The 2.5 dB(A) reduction for
propagation over ballast, eg from the far-side track,
caused comment. Members of the Workshop were not
familiar with this and requested that a physical justifica-
tion, to show that the effect was applicable to all situa-
tions, should be given.

Facade correction; The Workshop questioned the use of
a 1.5 dB[A) facade correction which is lower than that
used in CRTN. Again, physical justification of the general
applicability was requested.

Source levels: The Workshop felt that the inclusion of a
targe number of train types was potentially confusing, as
the actual trains to be used may not be known during the
prediction stage. It was suggested that:

{a) For a first look, the train/vehicle types should be sim-
plified into four categories:

* Disc braked

* Tread braked

* Diesel Locomotive

¢ Electric lLocomotive

(b) The fuller range of types could be used at a later stage
if/when the information was known.

Validation; The Workshop believed that it was necessary

to have a mechanism to validate both

(a} the accuracy of the prediction and

(b) the implementation of mitigation measures which
developed from the prediction.

Responsible Avuthority: There was concern that the
Responsible Authority, probably a non-public body, is to
have the triple task of

[a} producing the traffic forecasts

(b} defining the properties to be insulated and

{c) determining appeals

It was felt that there should be o mechanism for inde-
pendent audit/enforcement.

General matters: The Workshop discussed the limitations

under which the Mitchell Committee worked. There was a
strong feeling that the restrictive brief requiring equity
with 1970s road traffic criteria, was not appropriate o
the 1990s and beyond.

In order to protect against noise from new railways it
was necessary to look at the effects of railways them-
selves. In particular, reaction to existing railway noise
may not be the appropriate determinant for new
railways.

The time periods were discussed. It was pointed out fo
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the Workshop that Local Authorities in the South East and
London had adopted the time periods recommended in
the report of the Noise Review Working Party (Batho).

Day 07.00-12.00 65 dB(A) L.aq
Evening 19.00 - 23.00 60 dB(A) Leq
Night 23.00-07.00 55 dB(A) Leq

This night period is the same as in the original Mitchell
recommendation, but in this the level was 61 dB(A) L.
The subsequent adoption of a night pericd from 24.00 to
06.00 at 63 dB(A) L. has had the effect of removing the
first and last night Fours, when activity is likely to be
greatest. For example if the hours from 23.00 to 24.00
and from 06.00 to 07.00 taken together, carry heavier
traffic than the period from 24.00, this leads to the pos-
sibility of an addifional elevation of level to that specified
in the original Mitchell night period. Was this taken into
account when the Mitchell recommendations were
changed?

There was also some concern that the DoE and DTp
appear to be dealing with noise in different ways. For
example compare the draft PPG on Planning and Noise.

The Workshop discussed the derivation of the 'relevant
noise levels'. There was concern that these were not
based primarily on railway noise research, but on a
transmutation of, possibly unsatisfactory, road traffic lev-
els via uncertain relationships.

In the change from Mitchell recommendations to DTp
regulation levels, the daytime change was fairly clear, but
the nighttime was not and it was suspected that there had
been an element of 'fudge’ in this.

It was noted that further guidance on the noise from
stationary trains in depots/sidings etc was required.
Percentage of people annoyed: It is known that, in the
past, criterion levels have been set in the knowledge that
a significant number of people (20 - 50%) would still be
annoyed at those levels. The Workshop believed that
future criterion levels should aim to protect a greater pro-
portion of the population.

Future research: The Workshop noted the following areas
in which additional information was required in order to
specify criteria with confidence.

e SEL as an index of community response

e Method of specifying a maximum noise level

¢ Combined exposure to road and rail noise

* The development of a 'Design Manual’ for new rail-
ways, similar to that which is used for new roads.
Editorial points and related matters: The following were
noted:

* Prevailing noise level — there was a difference in word-
ing between page 5 of the Regulations and page 5 of the
Technical Memorandum.

» Advice on measuring prevailing noise level and its rela-
tionship to ambient noise level should be given.

* Wind ~ Para 41 of the Technical Memorandum should
be modified as, ot present, it could include a negative
vector,

The relevant consuftative document can be obtained from
the DTp at 2 Marsham Street, london SW1P 3EB

Geoff Leventhall FIOA is with Digisonix at Southbank
Technopark and is a former Institute President. <
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THE NOISE COUNCIL - A BRIEF HISTORY

Bob Peters FIOA

Many readers may remember the series of reports, with
chocolate brown or white covers issued in the 1970s by
the Noise Advisory Council. They dealt with a wide varie-
ty of noise-related issves, including for example neigh-
bourhood noise, helicopter noise and a guide to the
measurement and prediction of L. These reports were
generally authoratative and well respected, and therefore
the abolition of the Noise Advisory Council in the early
1980s, as part of the UK Government's great quango
hunt was regretted by many workers in the field of noise
control.

Discussions between members of the Institute and
other professional bodies concerned with the problems of
noise in the community and workplace led to the forma-
tion of the Noise Council in 1986, aimed ot filling the
gap left by the demise of the Noise Advisory Council. The
participating bodies which founded the Noise Council
were the Institute of Acoustics (IOA), the Institution of
Environmental Health Officers (IEHO), the Royal Environ-
mental Health Institute of Scotland (REHIS) and the Insk-
tute of Occupational Safety and Hegalth {IOSH). The aims
of the Council were to promotfe and respond to issues
relating o noise and vibration and to make independent
technical and scientific experfise available to inter-
national and national agencies, central and local govern-
ment, commerce and industry. Lord Elliott of Morpeth
was appointed Chairman with Roy Emerson {IEHO) and
Geoff Leventhall {ICA)} as Deputy Chairmen.

The Noise Council's first publication, enfitled ‘Noise
Legislation — its effectiveness for noise control' was issued
at its launch, on 13 March 1986, at the House of Lords.
The 16-page document reviewed the effectiveness of leg-
islation in the following areas: construction noise, noise
abatement zones, sound insulation between dwellings,
road traffic noise, and occupational noise exposure. In
January 1987 the Noise Council organised its first one
day conference, joinfly with IOSH, on the theme of
"Noise at Work — what kind of law do we want?' In ret-
rospect both of these Noise Council iniatives can be seen
to have presaged changes which were'to take place with-
in a few years. R

The Noise Council now meets formallyfoui times each
year, with addifional meetings of various working
groups; items received between meetings and requiring
prompt comment are dealt with by post. The members of
the Noise Council, apart from Lord Elliott, are all appoint-
ed representatives of the four constituent founder Institu-
tions. The secretarial duties have been shared between
the IOA and the IEHO with Graham Jukes of IEHO cur-
rently acting as Noise Council secretary, assisted where
necessary by Cathy Mackenzie. Noise Council meetings
are normally held at the premises of IEHO, who also pro-
vide administrative support and arrange auditing facil-
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ities. The Noise Council became a private company with
limited liability in February 1988.

The work of the Noise Council has been funded jointly
by the Department of the Environment [DOE) and the four
constituent organisations. Representatives of the Noise
Council meet regularly, at least once a year, with DOE
representatives, to report progress and to indenlify targets
for future Noise Council projects. In addition fo the ongo-
ing work of the various working parties producing
reports, guides and Codes of Practice, the Noise Council
also receives reports requiring comment, queries and
requests for information from various organisations as
well as from DOE; this sometimes includes letters from
members of the public. Examples of issues that have been
considered and commented on by the Noise Council
include the Draft PPG on Planning and Noise, the Noise
and Statutory Nuisance Bill, and its implementation, pro-
posed BRE methods for assessing noise caused by ampli-
fied music, DOE Noise Awareness months and an EC
Commission proposal on Noise Legislation.

As the problem of noise in our society increases there
has been a proliferation of organisations and groups pro-
viding advice, producing reports and codes and seeking
to exert influence and promote particular viewpoints on
noise issues. In respect of its relationship with other
organisations, the Noise Council has always sought to
highlight its independent position when called upon to
provide professional advice and comment on scientific
and technical matters. For its part, the DOE has
expressed its appreciation of this independence. As well
as holding discussions with DOE, the Noise Council has
participated in a Noise Forum discussion between the
DOE and representaivies of bodies such as the Noise
Abatement Society, The Right to Peace and Quiet Cam-
paign, the UK Environmental Law Association and the
National Society for Clean Air and Environmental Pro-
tection (NSCA). The Noise Council also exchanges min-
utes with the NSCA National Noise Committee.

The work of the Noise Council has not been entirely
without problems in recent years. The funding arrange-
ments of the DOE have required the participating bodies
to match, collectively, the DOE funding in cash terms
each year. This has been a source of some difficulty, even
though the value of services provided, in terms of accom-
modation for meetings, secretarial support and members’
time at meetings and in working groups can be held to
exceed the DOE contribution. To the frustration of mem-
bers, time diverted to overcoming these difficulties hos
necessarily been at the expense of the real work of the
Council. Income has been generated from the sale of
publications and from meetings, such as the very success-
ful meeting on Noise and Planning in 1991, jointly
organised with the London Branch of the IOA and IEHO.
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Salford University
EIEN S Industrial
EENS I Acoustics
G I Division
OCCUPATIONAL AND ENVIRONMENTAL

NOISE PROBLEMS SOLVED

SUBSL is the largest University-based consultancy company in the country and one of the
first management and technical consultancies nationally to be accredited to BS5750.

@ Extensive resources in acoustics, environmental engineering, design,
manufacturing, electronics, GIS, management and technology skills.

@ Active in noise and vibration consultancy for over 20 years.

@ Unigue blend of professional, independent and practical advice provided
by a team of experienced engineers and acousticians.

@ Supported by the Department of Applied Acoustics with access to
comprehensive test facilities built to British and International
Standards, some NAMAS accredited.

Initial project discussion is free and our services can often be supported by Government grants.

For further information or advice contact Bob Haltof on 061 745 5115

REVAC® DEDPAN®

IF YOU'RE TALKING NOISE CONTROL \‘\
WHO'S SUPPLYING YOU WITH MATERIAL?[ / NAV|.

Wardle Storeys' has more than 25 years' experience in the manufacture of flexible
polymeric materials used for the control of noise in every environment - from buildings
to motor vehicles.

Our extensive product range is sold under the tradenames:-

REVAC® - Noise Barrier Mats for Acoustic Insulation
DEDPAN® - Vibration Damping Sheet and Compound for Structural Vibrations

We also welcome the o;')(portunity to discuss new business opportunities where our
specialist materials know-how can be applied effectively and economically

If you buy, specify or supply Noise Control Materials, contact:

E=—"3 WARDLE STOREYS PLC, DURBAR MILL
=
==&== HEREFORD ROAD, BLACKBURN BBi 3JU

——"
=== TEL 0254 583825 FAX. 0254 681708
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Another source of frusiration has been the slow rate of
progress in producing some of the reports, arising from
existing pressures on _the fime of the members of the
Council. The possibility of employing a professionally
qualified part time technical secretary to answer day to
day enquiries and to progress ongoing work on publica-
tions has been investigated, but the idea has been
shelved at the moment for financial reasons. By contrast,
the Council's predecessor was favoured with extensive
support from scientists and adminstration in the Civil
Service.

Recent developments have however raised a feeling of
optimism. The DOE has announced new funding arrange-
ments for bodies such as the Noise Council whereby con-
tributions 'in-kind' can be allowed as part of the match-
ing of DOE funding and the Noise Council is therefore
now working urgently on a new funding application.

Given the difficulties, it is encouraging to report that
the Noise Council Code of Practice on Off-road Motor
Cycle Noise has just been issued and is for sale at £5 per
copy. The Code of Practice on Entertainment Noise (Pop

Institute Affairs

Concerts) is scheduled for early publication, after mod-
ifications have been incorporated following a period for

‘public comment.

A Code of Practice on Noise Units is very close fo
completion and should be issued by the middle of 1994.
Additionally a questionnaire designed to enable the
Noise Council to advise the DOE on the usefulness and
effectiveness of existing Codes of Practice has been pre-
pared and is about to be circulated.

A working party is considering the feasibility of issu-
ing an annual digest of noise related information and sta-
fistics. It is proposed to hold a Noise Council Conference
later this year to publicise reports published during the
year.

Over the years the membership of the Noise Council
has changed. The current IOA representatives are Geoff
Leventhall {founder member and Vice Chairman), Ste-
phen Turner, lan Flindell , Dudley Wallis and Bob Peters.

Bob Peters FIOA is at NESCOT at Ewell.

Noise Council Code of Practice on Noise from Organised
Off-road Motor Cycle Sport 1994

Introduction

Codes of practice do not in themselves have the force of
law; their principal aim is to give advice to noise makers
on appropriate methods of minimising noise so that
annoyance to the public is reduced. They are dlso intend-
ed to be of assistunce to Local Authorities and Mag-
istrates Courts (or the Sheriff in Scotland) when con-
sidering whether the 'best practicable means' have been
used for preventing or counteracting the effect of the
noise.

This Code of Practice (COP} has been produced by
the Noise Council in conjunction with motor cycle sport-
ing bodies, the motor cycle industry and environmental
organisations. The members of the Working Group who
produced the document were J D Clegg (Chairman), A F
Baker and A J Gilbert.

The following is an attempt to summarise the contents
of this COP so that interested or concerned people can
choose to acquire the full document for perusal. In the
case of organisers of events who have already applied
the principles of the Code, it is hoped that they will feed
back to the Noise Council Working Group their com-
ments and suggestions for future revisions. :

The COP applies to the use of motor cycles for ll
organised competitive off-road events and is aimed ot
establishing guidelines to ensure that 'svitable and rea-
sonable actions have been taken to minimise the impact
on neighbourhood noise from organised off-road motor
cycling events'.

The COP is a comprehensive document dealing with
critical noise considerations involved in off-road events
such as Enduro, Grass Track Racing, Moto-Cross, Rally

Acoustics Bulletin March / April 1994

Cross, Sand Track, Trials, Trail Cross and Beach Cross.

It includes discussions on the legal aspects, reducing
noise emission, reducing the reception of noise at sen-
sitive premises and public relations. There are annexes
defining the different types of motor cycle sport, describ-
ing the test procedure E:r measuring the noise output of
individual machines and advising on the screening of
noise sources.

Legal controls over motor cycle events
The use of land for motorcycling may be subject fo vari-
ous legal controls which the code recommends should be
carehully observed at all times.

These include:

[a) the possible requirement for specific planning per-
mission, for example if land is used for more than 14
days in a year for the purposes of racing and/or perma-
nent structures are erected on site;

(b} Section 33 of the Road Traffic Act 1988 requires Local
Authority authorisation for a motor cycle trial of any
description on a footpath or bridleway and

{c) As long as the event is ‘authorised’ according fo the
Motor Vehicle (off Road Events) Regulations 1992, the
offences described in the Road Traffic Act 1991, ie dan-
gerous, careless and inconsiderate driving, do not apply.
There is also reference to Section 80 of the Environment
Protection Act 1990 in relation to Abatement Notices in
respect of statutory noise nuisance arising at events. In
Scotland, the Control of Pollution Act 1974 provides sim-
ilar noise nuisance abatement powers, while in Northern
Ireland, the Pollution Control and local Government
(Northern Ireland} Order 1978 applies.
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Reducing noise emission
This section deals with testing the noise produced by indi-
vidual motorcycles to ensure that they do not exceed the
noise levels recommended by the various regulating bod-
ies. The stationary noise test procedure laid down by the
International Federation of Motor Cyclists is described
and an annexe to the code contains a table of maximum
noise levels allowed according 1o the type of event and
machine.

The levels range from 87 dB{A) for a 2-stroke trials
machine to 102 dB{A) for 4-stroke grass track, trail cross
or beach cross motorcycles.

Reducing the reception of noise at sen-
sitive premises

This concerns measures to be taken by organisers to
mimimise the noise heard by neighbours. There are tech-
nical limitafions in controlling noise emitted by individual
machines and so other methods have to be used. To
reduce the reception of noise at sensitive premises the
code recommends the consideration of the following fec-
tors; access/egress for cars and the location of car park-
ing, location of start line, paddock and noise test areq,
times and duration of events, numbers of machines in
operation simultaneously, public address systems and the
provision of physical barriers to reduce sound propaga-
tion. In a final section of the code some general points

are made about the importance of good public relations.
{Editor) %

Group & Branch News

The South-west Branch has come to life again with an
evening meeting organised by Norman Pittams of the
University of the West of England on 23 March. The fitle
was Noisy Neighbours and over seventy altended, main-
ly Environmental Heglth Officers from the region. A
report on this meeting will appear in the next issue of the
Bullefin.

les Fothergill (Chairman of the Building Acoustics
Group) writes ~ 'For many years the Building Acoustics
Group and Industrial Noise Groups have included envi-
ronmental noise in their remit. The success of recent
Autumn conferences has highlighted the importance of
the subject and the logic of treating environmental noise
as a subject in its own right. The BAG committee there-
fore welcome the establishment of the new Environmental
Noise Group. The three groups will work closely together
to ensure all members inferests are fully covered. The for-
mation of the new group will enable the BAG to con-
centrate on its traditional subject areas. These include:
control of noise from all sources in buildings; criteria for
noise levels in different situations; sound insulation
{including measurement methods, prediction and criteria);
and acoustics of spaces {all aspects) The changes will
provide members with a greater range of meetings and
improve the service provided by the Institute,

As always the BAG committee will welcome sugges-
tions for future meetings from members." 3

EAMILY CONCERN WITH A

FIELD.

PROFESSIONAL KNOW-HOW IN THIS

PLUS REFURBISHMENT SOLUTIONS.
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Bulletin Board

Contributions

Greenline Carriers Lid
Obijective Basis For Nuisance?

The Greenline Carriers (Tayside) Ltd
v City of Dundee District Council [1]
case provides interesting reading on
the subject of whether a test of exis-
tence of nuisance should be based
on a subjective or objective assess-
ment.

A notice was served by a local
avthority under .58 (1) of the
Control of Pollution Act 1974 {which
has not been replaced by the Envi-
ronmental Profection Act in Scot-
lond) asserting that o nuisance,
namely noise, existed at specified
premises, requiring its discon-
tinvance and ordering fo that end
that the movement, loading and
unloading of lorries should cease
during certain hours. An appeal
was taken to the sheriff who, after
proof, upheld the notfice subject to
deletion of reference to the move-
ment of lorries, and issued an inter-
locutor and accompanying note. The
pursuers appealed. Although the
defenders did not accept the narra-
tive of the evidence contained in the
grounds of appeal, they did not
lodge answers since they had found
that the Rules of Court made no
provision for answers to be lodged
in such a case. The sheriff having
retired, the defenders proposed that
the court should order production of
the sheriff's notes of evidence in
order to ascertain the evidence led
ot the proof.

It was held {1) that the merits of
the appeal fell to be determined by
reference to the sheriff's interlocutor
and note, not by ordering produc-
tion of the sheriff's notes; {2) that an
objective standard  should be
applied to the issuing of a nofice
under 5.58 of the 1974 Act and it
was vital that the local authority in
issuing a notice, and the sheriff in
determining an appeal, should
qpp|y such a standard and that the
sheriff should openly and soundly
direct himself; (3} that in a case such
as the present, the sheriff had to
disclose what evidence he had
accepted and why, explain what
primary facts he had determined

58

upon the basis of that evidence, and
explain and justify the inferences of
fact made from the primary facts,
and then demonstrate that in the
light of o proper understanding of
what the law required, he had found
whether the primary and inferred
focts did or did not establish a

nuisance in fact and in law which

the sheriff had failed to do here and

{4) that where the form of the sher-

iff's decision was not prescribed by
statute he should, in order to comply
with the rules of natural justice, not
only issue an interlocutor stating his
decision in precise legal terms but
should give adequate reasons and
not merely state whether or not he
found the case established; (5) that
no proper basis for the sheriff's deci-
sion having been shown, his inter-
locutor could not stand and appeal
allowed and inferlocuter and nofice
recalled.

Comment on the above

For the purposes of defermining
whether or not a nuisance exists
EHO's normally look for guidance to
the principles established in
Common Law. One of the strengths
of .58 is that EHO's are able to
issue a nuisance notice if in they are
satisfied that nuisance conditions
exist. Given this decision, it is not
unreasonable to  anlicipate o
scenario whereby local authorities
will not issue o 5.58 notice on the
basis of one or a combination of the
following points;

{i) A lack of confidence in the tech-
nical requirements of quantifying
what is in the opinion o? the local
authority a nuisance. Quantification
of nuisance when dedling with
steady state broad band infrusive
noise and steady state broad band
background noise is  relatively
straightforward if assuming that any
increase in background noise can in
cerfain circumstances constitute a
nuisance. The introduction of vari-
ables such as low intermittent back-
ground noise, low frequency and/or
intermittent infrusive noise make the
task of defining a set 'nuisance’
standard well nigh impossible.

{ii) A lack of suitable instrumentation
for spectral analysis and confinuous
monitoring which could be required
for characterisation of non-steady

state intermittent noise, and

(iii) Insufficient manpower to devote
to the time required to gather suffi-
cient data for the determination of
the actual 'nuisance level'.

Ricky Burnett hopes to explore
this subject further at the forth-
coming 'Noise Nuisance and the
Low' meeting being organised by
the Environmental Noise Group and
London Branch on 18 May 1994,
Meanwhile the Group Committee
would be interested in receiving
comments via the Institute office from
anyone having experience of appli-
cation of well defined objective
nuisance standards or from EHO's
who feel that the Greenline Carriers
case will deter then from issuing
5.58 nofices based on the sirict
wording of the 1974 Act.

[1] The Scots Law Times: Issue 31
10-91

Safety at Pop Concerts
Guide to Health Safety and Welfare
at Pop Concerts and Similar Events
In December 1993 the HSE, in
conjunction with the Home Office
and the Scoftish Office, published
the above guide. It covers numerous
aspects in relafion to the subject
matter including a chapter entitled
Sound and Noise. The chapter
concentrates on the question of noise
levels within the venue and how it
affects employees and the audience.
It makes mention of external environ-
mental noise levels outside the venue
which is presently the subject of a
draft code being produced by the
Noise Council.

The chapter refers to the provi-
sions of the Noise at Work Regu-
lations 1989 and includes sections
relating to controlling and moni-
toring of sound levels. In addition it
makes recommendations to offer
some protection to the audience.
This includes the establishment of a
maximum event equivalent continu-
ous sound level (Event Leg) of 107
dB(A), the peak level not to exceed
140 dB and restricting the audience
to locations of at least 3 m from any
loudspeaker. Details of how to
acquire this document are given
here in the Publications pages.
Contributors Dr Bernadette McKell
MIOA, R Burnett. o
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| News from BSI

New and Revised British Standards

BS 7703: Acoustics — Determination of sound power
levels of noise sources using sound intensity.

Part 1: 1993 Measurement at discrete points. This is
equivalent to ISO 9614-1. No current standard is
superseded.

Amendments

BS 3638: 1987 Method for measurement of sound
obsorption in a reverberation room [ISO 354]. This
amendment implements EN 20354: 1993 as a British
Standard and renumbers BS 3638: 1987 as BS EN
20354: 1993.

BS EN Publications

The following are British Standard implementations of the
English language versions of Evropean Standards (ENs).
BS EN 22922:1993 Acoustics — Measurement of noise
emitted by vessels on inland waterways and harbours.
This is equivalent to 1SO 2922. No current standard is
superseded.

BS ENs implemented by amendment

The following BS ENs are implemented by amendment to
existing documents:

BS EN 20354: 1993 Acoustics — Measurement of sound
absorption in a reverberation room. This is implemented
as a European Standard by amendment 1o BS 3638:
1987. It is equivalent to ISO 354.

DD ENV Publications

The following standord is a British Standard imple-
mentation of the English language versions of European
Pre-Standards ENVs). It is issued as a Draft for Develop-
ment (DD}

DD ENV 28041: 1993 Human response to vibration -
Measuring instrumentation.

It is equivalent to 1SO 8041. No current standard is
superseded.

British Stardards Reviewed and
Confirmed

BS 6686: Methods for determination of airborne acous-
tical noise emitted by household and similar electrical
appliances. Part 1: 1986 General requirements for
testing.

British Standards Withdrawn
BS 4891: 1972 A guide to quality assurance. This is par-

fially superseded by BS 5750: Parts O, 8 and 13; and
also conflicts with BS 6143 and BS 7850: Part 2.

European New Work Started
EN 1030: Hand—arm vibration — Guidelines for vibration
hazards reduction — Part 2: Management measures at the

work place (EN 1030-2).
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Draft British Standards for Public

Comment S

93/408738 DC BS ISO 10014 Guide to the economic
effects of total quality management. This is equivalent fo
ISO 10014.

93/506284 DC Revision of BS 5821 Methods for rating
the sound insulation in buildings and of building ele-
ments. Part 1: Airborne sound insulation [ISO/DIS 717-1
and prEN 20717-1).

93/506262 DC I1SO/DIS 362 Acoustics — Measurement
of noise emitted by accelerating road vehicles — Engi-
neering method — Amendment 2.

93/506263 DC I1SO/DIS 7188 Acoustics — Measurement
of noise emitted by passenger cars under conditions rep-
resentative of urban driving — Amendment 1.

IEC Publications
IEC 1252: June 1993 Electroacoustics — Specifications for
personal sound exposure meters.

ISO Standards

ISO 10494: 1993 Gas turbines and gas turbine sels —
Measurement of emitted airborne noise — Engineering/
survey method. Implementation as a duak-numbered Brit-
ish Standard is under consideration.

BSI Information Services Technical
Publications
BSI Information Services produces a range of publications
covering the technical requirements for various industrial
products and services in markets worldwide. These docu-
ments are available from BS| Publications at Milion
Keynes.
TH 42059: 1992 Personal Protective Equipment. A bib-
liography. This lists current European and national stan-:
dards in 17 European couniries. It covers breathing
opparatus; respiratory profection; head, ear and eye pro-
fection; protective clothing; buoyancy devices; fall arrest-
ers and safety belts. It also includes EC Directive, and DTI
notes relating to the UK.
TH 42060: 1993 Quality systems. A list of national and
infernational standards.
It has only been possible to include information from Sep-
tember and October 1993 editions of BS! News in this
issue of the Bulletin. In the next issue information will be
(sjluppfied from November 1993 editions of BSI News fo
ate.
This information was provided by Miss Nicole Porter
MIOA of NPL.

HSE Publications

The following publications recently issued by the Hedlth
and Safety Execufive on noise related subjects are
available from Dillons or from any branch of Ryman the
Stafioner or a Ryman Computer Store. Alternatively all
priced and free publications are available by mail order
from HSE Books, PO Box 1999, Sudbury, Suffolk, CO10
6FS. Tel: 0787 881165 Fax: 0787 313995.
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Publications
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Attitudes Towards Noise As An Occupational Hazard
This HSE confract research report was carried out by
Thomson-MTS and Building Use Studies into the aftitudes
of the workforce and management towards noise in a
variety of industries. It involved a national survey of 48
organisations and a more detailed examination of ten of
these as a case study.

The findings are published in three volumes. Volume
one: 'Summary reports of the study', and Volume two:
'Detailed reports of the study', are available as a
combined publication at a cost of £60.00 (ISBN O 11
882128 8). Volume three, 'Literature survey and review
of public awareness campaigns', at a cost of £30.00
(ISBNO 11 882133 4).

Guide to Health Safety and Welfare at Pop Concerts
and Similar Events

This joint HSE, Home Office and Scoftish Office
publication deals with all aspects of plonning and
operating pop concerts and other related events. There
are specific chapters which deal with Communication
including Radio and Public address systems, Sound and
Noise which looks .at exposure levels of both the
workforce and the audience including the monitoring of
sound levels and also a chapter on the Means of giving
warning in case of fire. Available at a cost of £10.00
(ISBNO 11 3410727 )

Control of Noise in Quarries (HS (G) 109)

Part of a series produced on various hazards associated
with the quarries industry. It is produced for employers
and those managing quarries to make them aware of

their obligations to The Noise at Work Regulations 1989.
It covers noise measurements, assessments of exposure
and has extensive coverage of prevention and control to
items of plant and machinery used in the indusiry Further
sections deal with hearing protection and instruction and
training and the duties of designers, manufacturers,
importers and suppliers of plant and machinery.
Available at a cost of £4.50 (ISBN 0 7176 0648 1)

Keith A Broughton MIOA
Book Reviews

The IRS Guide to the Noise At Work Regulations
Frank B Wright & James A Powell
Industrial Relations Services, 18 Highbury Place, London
N5 1QP (1993} ISBN: 1 870771 10 2 Price £40.00
This is a useful work of reference for those who are
concerned mainly with the legal aspects of the Noise at
Work regulations. It does provide some guidance fo their
implementation, but this is mostly considered from the
aspect of legal requirements. The authors are a Low
lecturer and o Professor of Design Systems; they have
been assisted by lan Acton, a noise specidlist. There are
a few lacunae of the 'dB{A)' variety, but the flavour is
essentially a management guide rather than a technical
interpretation; it achieves a balance that will be useful to
many companies.

An A4 format booklet of 78 pages, it covers in an
effective style the essential issues and reponsibilities of
companies ~— together with the self-employed. The choice

Est, 1948

CiviL ENGINEERING DYNAMICS

Inc. Crockett & Associate

83/87 Wallace Crescent
Carshalton
Surrey SM5 35U

Tel: 081 647 1908
Fax: 081 395 1556

EQUIPMENT & SOFTWARE HIRE

Vibration B&K
NOMIS

Noise B&K
CEL

Spectrum Analyser Hewlett Packard

& Recorder Racal

Shakers B&K

Electrodynamic CED

& Plate Vibrator

Finite Element ANSYS

Programmes DYNA

NOMIS

Digital Seismograph
Vibration — Noise
Alarm Interface
Disk Drive
Remote Control

HIRE & SALE
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of a small font was unfortunate; affected as | am
nowadays by both middle-aged ears and eyes, the
layout o the text — arranged as a single column with long
popagraphs — 1 rated the booklet's physical readability
score as 'below average’'.

The content embraces everything that one would
expect from the tile — the Regulations themselves are
reproduced in an Appendix, together with elementary
but sufficient material on noise measurement, human
hearing and hearing damage. It would have been a
significant improvement if the booklet included an index.
Since this is readily achieved with current publishing
systems, it seems strange not to find one in a reference
work such as this.

One section of the booklet is devoted to employers'
liability and compensation and contains a very readable
and salutary summarv of the current position based on
common law and statutory duty. This is accompanied by
a listing of some examples of compensation awards,
under both common law and union agreements, charting
our progress in the £/dB hearing loss stakes.

| was especially pleased to see the relevance of
Quality Assurance schemes recognised together with the
real benefits which a good 1SO 9000 (BS 5750} system
can bring. It would perhaps be excessively optimistic of
me to expect more than the two pages [albeit of small
type). Given that the only reason tor introducing such a
system info a company is to improve efficiency and fo be
able to measure the benefits achieved, the stress might be
more on the overall benefits rather than the improved
book-keeping!

In a disappointingly brief reference to training, the
Institute's Competent Person course is mentioned.

Bernard J Challen MIOA

Hansard

2 November 1993

Aircraft Noise

Mr Uwyd: To ask the Secretary of State for Defence if he
will make a statement on the progress of his Department’s
research and development programmes in the arcas
listed in appendix Il to the annex to the summary of the
final report of the NATO CCMS pilot study on aircraft
noise in a modern society.

Mr Hanley: My Department is involved in several studies
to further the understanding of noise associated with mil-
itary aircraft. In parallel, we continue to develop noise
modelling and prediction capabilities. In collaboration
with authorities. in the United States and Canada we have
completed initial work into the feasibility of a study to

investigate the possible effects on health of noise from

low-flying aircraft, and a report is being prepared. In
the case of airspace management, a contract has been
let to develop an automated low flying flight planning
enquiry and notification system — ALFENS.

Mr Uwyd: To ask the Secretary of State for Defence if he
will make o statement on progress in implementing the
recommendations of the final report of the NATO CCMS
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pilot study of aircraft noise in a modern society.

Mr Hanley:. The NATO CCMS pilot study on dircraft
noise was completed in 1989. A follow-up group was -
created the following year to implement its technical rec-
ommendations. This group exchanges information
between participating countries and encourages indi-
vidual or multinational studies. The United Kingdom con-
tributed to a major symposium on helicopter noise,
sponsored by NATO CCMS and held in the USA, and is
currently participating in collaborative working parties
engaged in noise modelling around airports and in the
investigation and modelling of helicopter noise.

Aircratt Noise

Mr Uwyd: To ask the Secretary of State for Defence if he
will make a statement on the progress of the joint United
Kingdom -~ United States ~ Canadian study on the long-
term effects on human health of exposure to aircroft
noise; and if he will list any publications by participants
in this study.

Mr Hanley: Initial work on the feasibility of a study to
investigate the possible effects on health of noise from
low-flying aircraft has been completed and a report is
being prepared. My Department is not oware of any
publications by participants in relafion to the study.
Noise Abatement Zones

Mr Pike: To ask the Secretary of State for the Environ-
ment what conclusions he has reached on consideration
of the Building Research Establishment's report in relation
lo noise abatement zones; and if he will make a
statement.

Mr Yeo: My Department is considering the effectiveness
of noise abatement zones in the light of the findings of
the Building Research Establishment's 'Review of Noise
Abatement Zones in England and Wales 1976-1992'.
The review showed that the procedure for establishing
and monitoring NAZs was complex and resource inten-
sive for all the parties involved. In reaching conclusions,
we must balance the need to limit the regulatory burden
on businesses with the continuing need to deal effectively
with noise pollution.

Noise

Mr Pike: To ask the Secretary of State for the Environ-
ment how many complaints relating to noise have been
(a) reported to local authorities and (b} investigated by
local authorities under the Environmental Protection Act
19%0.

Mr Yeo: The Department of the Environment 'Digest of
Environmental Protecion and Water Statistics', HMSO
1992 indicates that during 1990/91, 136,609 com-
plaints about noise were received by local authorities,
relating to the Control of Pollution Act 1974 and the Envi-
ronmental Protection Act 1990.

Of these, 31,721 were considered to be justified as stat-
utory nuisances and in 6,113 cases abatement notices
were served.

The 1990 Act came into operation on 1 January 1991
and separate figures for the number of complaints inves-
tigated under that Act in 1990-91 are not available.

Extrocts provided by Rupert Taylor FIOA, <>
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News from the Industry

New Products
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ACSOFT LTD

ARIA

A new modular acoustic measure-
ment system from AcSoft is the first
PC-based sound level meter to be
type-approved by the German
authority PTB for Type 1 acoustic
measurements.

ARIA, from the French company
01dB, is based on plug-in cards for
a PC plus a hull suite of application
software covering measurements of
environmental noise, occupational
noise, sound intensity and building
acouslics.

The main benefit of ARIA is that
the systems are built exactly fo
customers' needs, and the archi-
tecture takes a free ride on the back
of developments in the PC industry,
which have given huge advances in
processing speed, graphics capa-
bility, and cost-effectiveness over the
last few years.

The heart of the system is a dedi-

cated card, which can be installed
in any PC 16 bit hull length expan-
sion slot. Powering and conditioning
is provided on the inputs for micro-
phone preamplifiers, which can be
connected without the need of exter-
nal boxes. All the user interface,
data post-processing and displays
are handled by software running on
the PC.
For further information contact John
Shelton, AcSolt Ltd, 6 Church Lane,
Cheddington, Leighton Buzzard LU7
ORU. Tel: 0296 662852. Fax: 0296
661400,

NOISE CONTROL
CENTRE

Melatech Foam

Distributed and promoted in the UK
by the Noise Control Centre under
licence from BASF in Germany,
Melatech foam is a versatile sound
absorbent and fire resistant mate-
rial. Melatech is a low density,

semi-rigid foam formed from the

:some base materials as Melamine

but with a very different physical
form. The material compliant
enough fo follow curved curves, can
be cut easily to accommodate

design detail and resilient enough to
toke compression without losing
form.

Further details are available from
The Noise Control Centre, Charles
House, Toulley Road, Wokingham,
Berkshire, RG11 5QN. Tel 0734
774212, Fax 0734 772536.

QUANTITECH LTD

New Level Recorder

Alter many years of loyal, trouble
free service in the field the Rion LR-
04 chart recorder has been
replaced. The newcomer, LR-086, is
cbout the same size as its prede-
cessor and just bristling with micro-
processor technology.

For many applications it is no
longer necessary to take the chart
recorder on site as data can now be
stored on a 'smart' memory card,
using a hand held meter such as the
NL-14 with an optional memory
card unit. The smart card can then
be read by the recorder and a hard
copy printout produced. A threshold
can be set in order to plot only
values above a cerfain level at a
higher paper speed. This saves
paper and gives increased resolu-
tion only where necessary.

The data card can also down
load into a personal computer. The
LR-06 will accept input from a

The barrier consists of a metal
casing inside which are stacked
tyres cut in half along their diam-
eter. The side of the casing facing
the noise is made from perforated
sheet metal. The coefficient of
absorption is 85% for frequencies
between 250 and 2000 Hertz.

The casings are galvanised and
strongly corrosion resistant. They
are non-inflammable and are thick
enough to withstand strong winds.
The tyres themselves do not dete-
riorate with age. The barriers are
modular, and can be positioned to
produce the required heights and
lengths. They are available in prac-
tically any colour, and also in
aluminium or with anti-graffiti treat-
ment,

Installation is easy. Poles welded
onto plates rest on bearing plates or
piles and form the supporting frame-
work for the casings. The fyres are
stacked on site. The barriers are
self-cleaning or o high pressure
water jet can be used.

The tyres are fited at an angle
inside the casings to drain away
rain water. Each element is easily
interchangeable in the event of acci-
dental damage.

The ACIAL barriers are designed
for shielding noise alongside motor-
ways, other busy roads and rail-

variely of data loggers
and noise and vibration
meters and has many

timing and recording
options.
Further  details  from

Quantitech Lid, Unit 3,
Old Wolverton Road,
Old Wolverton, Milton
Keynes MK12 5NP. Tel
0908 227722 Fax:
0908 227733.

ACIAL

Acoustic barriers from
old tyres

The French company
ACIAL has developed a
new design of acoustic
barrier constructed from
used tyres as shown in
the photograph. It is
highly effective in opera-

tion and environmentally

Friendly.
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ways. They can also be used in
industrial settings.

Highly competitive on cost, the

barriers combine efficient noise
reduction with a solution to the
problem of disposing of the grow-
ing number of used tyres.
M.P. Verrelle, Director, Acial,
Acoustics Division, 57 rue des
Saules, 75018 Paris, France. Tel:
(01033 1) 4492 18 37/44 92 18
18, Fax: (010 33 1) 42 23 93 84
Enquiries should be made through
Charlotte Barraclough at the French
Technology Press Bureau. Tel: 071
235 5330.

LMS INTERNATIONAL
LMS CADA-X Exterior Pass-By
Noise
IMS CADA-X Exterior Pass By
Noise measures the noise emissions
of vehicles on a test track during an
accelerated pass-by according to
the I1SO or SAE standards. The
measurement starts when the vehicle
passes a first light barrier. Dering
the pass-by, the vehicle position and
e engine rpm are measured by

radar and telemetry, along with the
A-weighted time histories of both
microphones. Immediately after the
acquisition, the weighted overall
levels as function of position are
calculated and displayed together
with the entrance and end speed,
and the maximum overall levels and
their locations. Pass-By quality
parameters such as kick-down error,
vehicle entry speed, bad calibration
of radar signals and throttle release
error cause an automatic rejection of
the measurement.

During a typical pass-by noise
test program a massive amount of
data is gathered. Therefore, a
powerful and flexible data manage-
ment/annotation system has been
integrated into the system.

LMS In-Room Pass-By Noise LMS
CADA-X In-Room Pass-By Noise
simulates pass-by tests in a semi-
anechoic room. A roller bench is
used to simulate the road loads on
the vehicle and the simulated pass-
by is measured by an array of
microphones on either side of the
room: the results being recombined

and processed against the vehicles
virtual position by the software. If an
existing semi-anechoic room does
not meet the dimensions specified in
ISO 362, the results can still be re-
scaled by the software, if the free-
field acoustical behaviour can still
be assumed. The immediate benefits
of the new approach are the accu-
rate and reproducible pass-by noise
measurements; the elimination of
measurement variations caused by
adverse weather or external noise
sources; and accurate start condi-
tions for the run. The system not only
produces puss—br measurements but
more importantly, provides exten-
sive database facilities and a trou-
bleshooting/refinement toolbox with
comprehensive  diagnostic  capa-
bilities.

For further details contact LMS UK
ltd, Cheddar Industrial Park,
Wedmore Road, Cheddar, Somerset
BS27 3EB. tel:0934 744222 Fax:
0934 744461.

LMS UK are Sponsor Members of
the Institute

CALIBRATION
No. 0237

NAMAS
ACCREDITED
CALIBRATION
LABORATORY

COATINGS FOR ACOUSTIC

CONTROL

Located at the CEL Instruments factory in Hitchin is a
National Measurement Accreditation Service laboratory
capable of offering the following calibration activities:

@ Calibration of CEL-177, CEL-182, RFT 05 001, B&K 4220
and B&K 4230 sound level calibrators in /2"

configuration.

@ 1kHz pressure sensitivity verification for microphone
types CEL-186/2F, CEL-186/3F, CEL-192/2F, CEL-192/3F,

B&K 4133 and B&K 4134.

@_Calibration to BS 3539:1986 of most sound level meter
kits fitted with the above microphones plus B&K 4155,

4165 and 4166 microphones.

Ttems tested receive a NAMAS Calibration Certificate defining
the absolute accuracy with reference to UK National Standard.

CEL Instruments Limited

35-37 Bury Mead Road, Hitchin, Herts. SG5 TRT

Tel: 0462 422411 Fax: 0462 422511
Telex: 826615 CEL G

e s

AUDEX Acoustic Plasters achieve a high
degree of sound absorption across the entire
frequency range. With a choice of three
systems AUDEX can provide the perfect
solution to any sound absorption problem.

MANDOLEX MX11 Anti-Drumming
Compound is an effective panel damping
material. Class 0 to the Building Regulations
for Fire Propagation, MANDOLEX MX11 is
suitable for use on ail types of paneis
including those used for rain screens, tunnel
linings or in underground stations.

Mandoval Coatings Limited, Lawn Road Industrial Estate
Carlton-in-Lindrick, Nr. Worksop, Notts. S81 9LB
Tel: 0909 540444 Fax: 0909 733637 Telex 858094

msponsoring
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News Items

Livingstone Hire

1994 Catalogue

Livingstone Hire's new rental cata-
logue is now available, providing a
comprehensive guide to rental and
highlighting important additions to
the company's equipment range.

New capabilities include a
NAMAS  accredited  calibration
service and a machine health moni-
toring service. The concern of indus-
try with the protection of the envi-
ronment and the workforce are
catered for with a wide range of
monitoring equipment available for
rental, now covering the measure-
ment of sound and vibration, ambi-
ent air quality, stack emissions,
landFfill emissions, lechates, water
quality, effluents and health and
safety parameters.

The 1994 catalogue is available
free of charge from Livingstone Hire
ltd, Livingstone House, Queens
Road, Teddington, Middlesex,
TW11 OLB. Tel: 081 943 5151, fax:
081 977 6431.

Cirrus Research plc
Management changes

The Directors of Cirrus Research
announced in February the appoint-
ment of lan Campbell as managing
director. A reassigment of respon-
sibilities among the other directors
resulted in Karl Frankish confinuing
as Chairman of the Board concen-
trating on Production and Logistics

whilst Dudley Wallis takes an
Advanced Engineering portfolio.
Before coming to Cirrus, lan Camp-
bell spent 20 years with CEL
Pictured below are, left to right, lan
Campbell, Dudley Wallis and Karl
Frankish.

Cirrus Research is a Key Sponsor
of the Institute <>

We are one of the world's largest firms of Consulting Engineers with offices in SE Asia, United
Kingdom, Australia and North America. Our Hong Kong Office employs over 400 staff
engaged in the design and construction of a variety of building, civil engineering,
environmental and industrial projects. We are seeking candidates for the following positions.

ACOUSTICS CONSULTANTS

Arup Acoustics is an integral part of Ove Arup & Partners. Candidates are invited to join the
acoustical consultancy team which has a particular emphasis in building acoustics and noise
control. Opportunities may be available to work on major building projects in the other Arup
Acoustics offices including UK and USA.

Career opportunities will be excellent for the right people. We offer attractive salaries and
comprehensive staff benefits including bonus and free medical and non-contributory pension
scheme.

Please write enclosing details of qualifications and experience, contact telephone number,
recent photograph and salary expected to:

The Personnel Manager, Ove Arup and Partners, 56/F Hopewell Centre, Hong Kong

ARUP
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Designed and produced by Dryden Brown Limited {0703 229041)

B et

We promised
more X X

in the wake of our
revolutionary Type
2236E SLLM and it’s here

with the same stunning ergonomics, but as versatile
as the 2236E is focused. A natural successor to the
popular multi-purpose Type 2231 Modular Sound
Level Meter, our newcomer gives you unbelievable
flexibility and ease of use for a wide range of
acoustics applications. So that with our new Type
2260 SLM in your hand and Type 4231 Sound
Level Calibrator in your pecket you are completely
| equipped for acoustic measurements in

environmental or product verification applications.

Shape up to today’s noise measurement needs... Contact:

Bruel & Kjaer -
Bruel & Kjaer (UK) Limited

92 Uxbridge Road, Harrow HA3 6BZ
Tel: 081-954 2366. Fax: 081-954 9504,
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