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Specifying Materials?

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:-
1

DEDPAN® . vibration Damping Materialsr

AVAILABLE IN SELF ADHESIVE SHEET FORM OR SPRAY ON COMPOUND

REVAC® - Acoustic Barrier Mats / Lagglr!|g / Curtains

FROM 5Kg/M? TO 15Kg/M2 WITH A CLASS 'O' (TO THE BUILDING REGULATIONS

FOR FIRE PROPAGATION) VERSION AVAILABLE
i
1
We also welcome the opportunity 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, and require further information please Tt ]'
contact: |y ARDLE STOREYS SALES LINE ON 1 -
01254 583825 i Tt
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..then you’ve got a spectrum analyser!

The remarkable new SOFtest series of software from |
Sound Technology turns any multimedia PC into a w0 B
versatile signal analyser. Using a Windows® T

I:LE‘PV’H“ Y Do
compatible sound card, you can acquire signals [ 2 =L} - e R TEY
and perform frequency analysis, in real-time or | - .7 . o e
. " N - Swepped Post Process 44300 Hz, 1€ bil. Mono FFT. 204G pls Blackman
off-line. N A R J\L." Sstaat] Do 271158 - — oS BT e 20

All the functions associated with dedicated
analysers are here, such as 1/n octaves, colour | i -
sonograms, signal generator, calibration in 8
engineering units, distortion measurements,
waterfalls, cross-spectra, and much more.
With full-blown 32-bit versions ruming under | = _ " n TR "
all flavours of Windows®, Spectral AB, Spec- |2z | e [Dewen fovmmioe 304 ol o~ |~

~ aPRO and SpectraRTA bring amazing value to your desktop or notebook. .
But don’t take our word for it - call today for your fully functional 30 day*
demo disks, or download a copy for yourself from our Website* now!

TELEPHONE ; O1296 662 852
*Software runs with full functionality for 30 days ACSO& FACSIMILE : 01296 661 400
from installation - requires sound card E-MAIL : SALES@ACSOFT.CO.UK

WEB : WWW ACSOFT.CO.UK
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President's Letter
B

Dear Fellow Member

I am writing this letter soon after the 1997 Annual General Meeting, and just over balf way through my
two-year term of office. The past year bas certainly been eventful and cballenging. Much bard work by
many people culminated in the success of Internoise 96, and, in January 1997, we saw tbe beginning of
new arrangements for the Secretariat of the Institute, under which the Institute is now the direct
employer of the staff at Agriculture House. In meeting these and otber challenges, my task bas been
made easier by the tremendous support of the staff and of my colleagues on the Executive Committee
and Council.

The Annual Report of Council for 1996, which was presented at the AGM, and will be printed in the
next issue of the Bulletin, demonstrates very effectively the variety and vigour of the Institute's activ-
ities, and covers the work of the 7 Standing Committees, the 9 Specialist Groups and the 8 Regional
Branches. The Chairmen of Committees and tbe Chairmen and Secretaries of the Groups and Regional
Branches are named in the Annual Report, and I would like to use this bppoﬂunity to thank them all
for the invaluable contribution which they make to the success of the Institute. But I would also like to
thank all those members who support the Institute, through their voluntary efforts and entbusiasm in
committee work.

As I look forward to my second year as President, I bave no doubts that the future bolds yet more
challenges, but also tremendous opportunities. For example, new initiatives are being explored in our
educational role, including plans to bave more involvement with scbools through the use of CD-ROM
teaching packages. The Institute is to proceed with negotiations with the Engineering Council lo seek
nominated body status for Chartered Engineeer. And, following recent furtber discussions in Belfast,
attempts are being made to accelerate the process of setting up a new Branch of the Institute to serve
the needs of present and future members in Nortbern Ireland and the Irisbh Republic. News of these
and other developments will appear in future issues of the Bulletin .

Sincerely yours

Berard Bery’

Bernard Berry
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NOISE AND VIBRATION

H.M. SPECIALIST INSPECTOR
BOOTLE, MIERSEYSIDE c.£30k

Technology Division - a major constituent of the Health & Safety Executive’s Directorate of Science and
Technology - consists of six Units, each providing a considerable specific technical contribution to the
national store of hazard and risk experience. We currently have a vacancy in the Physical Agents Unit

for a Noise and Vibration Specialist Inspector.

THE JOB In this post you would contribute to
the development of a technical policy for noise,
hand-arm, and whole-body vibration in areas
including: assessment of risks to health;
engineering control measures; management
of risk; opinion on suitable regulatory action;
development of standards; preparation of guidance.

You will achieve this by: commissioning and
reviewing research; writing reports, drafting
guidance and preparing written comments;
participating in Standards making at all levels;
and liaising and consulting with colleagues,
industry and specialist institutions across the world.

Full details of the post are provided in the
Prospectus.

QUALIFICATIONS cCorporate membership
of an appropriate professional institution, or the
academic qualifications and experience necessary
for such membership; a working knowledge of
noise and vibration engineering; a full and
current UK driving licence; ability to resolve
technical problems; ability to work on your
own initiative and as part of a team; proven
interpersonal and communication skills.

REWARDS Starting salary in the region of
£30,000 depending on qualifications and
experience; non-contributory pension scheme;
relocation expenses up to a maximum of
£5,000 may be payable.

APPLICATIONS For a prospectus and an
application form (to be fully completed and
returned by 20th June 1997) you should write
to: Christine Shore, Personnel, Health and
Safety Executive, Rm 321 St Hugh's House,
Stanley Precinct, Bootle, Merseyside L20 3QY,
or telephone 0151 951 4263, leaving details
of your full name and address, or fax 0151 951
3934. You must quote reference number
DST/01/97/AB.

We are committed to equal opportunities. All eligible
applicants will be considered on merit irrespective of
gender, ethnic origin, marital status, religious belief,
sexual orientation, age or disability. Applications from
women, people from ethnic minorities and people
with disabilities are particularly welcome as they are
currently under-represented in this area of work.
We are willing to accommodate, wherever possible,
staff who wish to work in a pattern other than
full-time attendance.

=12
HSE
Reducing Risks - Protecting People
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ACOUSTIC SCALE MODEL TESTING OVER 21 YEARS

Mike Barron MIOA

Introduction

Models have long been valued as a way of visualising or
investigating the complex behaviour of sound in enclo-
sures. As long ago as 1843 Scott Russell experimented
with 2D water wave models [1]. In 1912 W C Sabine,
the father of quontitative room acoustics, first photo-
graphed the more precise 2D air-wave models by using
the Schlieren technique [2]. Acoustic scale modelling olso
has a long history [3], being first used by Spandéck in
the 1930s. Since then considerable experience has been
built up in scale modelling but computer modelling now
presents a challenge, with the convenience of requiring
no more than o computer fo generate not only objective
results but also auralisation {aural simulations of music or
speech as would be heard in the space).

The principle behind acoustic scale modelling is actu-
ally simple. The complex behaviour of sound when it
meets finite size surfaces or obstacles depends on the
relationship between the size of the surﬁce and the
wavelength. If this ratio is kept constant, acoustic beha-
viour is reproduced in miniature. From reference to the
fundamental equation: Speed of sound = frequency x
wavelength, we see that if the wavelength is reduced the
frequency must be increased. But the propagation medium
{air) in the model is the same as at full size, so for a 1:10
scale model we need to increase frequency fen times.

Thus scale modelling takes care of the complexities of

wave behaviour. Computer models on the other hand are
" bosed on tracing sound rays; wave behaviour is only
incorporated with difficulty. Computer models also need
to find ways of dealing with reflection off diffusing sur-
faces and some method for handling the enormous quan-
tity of sound rays which moke up the reverberation. Tech-
niques for dealing with these various complications will
take time to optimise and require very careful validation.

The Principles of Practical Scale Modelling
Because acoustic modelling involves high frequencies,
one issue which needs to be confronted is air absorption.
By using either dehumidified air {around 2% rh} or bot-
tled nitrogen, the so-called molecular component of air
absorption can be dll but eliminated, which leaves the
unavoidable but smaller classical component. In fact at
1:8 or 1:10 scale, the air obsorption can be almost per-
fectly modelled in this way [3]; at smaller scales excess
gas absorption can be eosily corrected for when tests are
made with dry air or nitrogen,

In auditoria the variety of different surface materials is
often smoall. Hard materials con be simulated by var-
nished timber or sheet plastic. Absorbing materials need
to be selected for models, usually on the basis of a trial-
and-error method. Absorption is generally measured in a
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model reverberation chamber using the standard tech-
nique. In auditoria oudience seating, or audience, usually
constitute the major obsorbing surface. Because these ele-
ments also scatter incident sound, it is important to repro-
duce their physical shope as well as their absorplion coef-
ficient. ,

For microphones, 1/4" and 1/g" capacitor micro-
phones are almost ubiquitous. Source transducers offen
require some ingenuity. Loudspeakers tend to have the
problem that even if they can generate the required fre-
quency, they are often highly directional and their magnets
con produce a serious acoustic shadow. An array of elec-
tro-static transducers can be used for the high frequencies.

For objective measurements spark sources are very
atractive because they produce a short impulse from a
very small volume. The duration of the spark, and hence
the frequency of maximum energy, is determined by the
energy discharged in the spark. At 1:50 scale only 4 mJ
of electrical energy can be dissipated yet this is sufficient
for a decay of 50 dB in a model of a large concert hall,
Figure 1 {traditionally the reverberation time is assessed
from -5 to -35 dB).

Integrated decay

Full-size time (ms)

Fig. 1. Integrated decay of response to a spark source in a
1:50 scale model of the Glasgow Royal Concert Hall.

The Choice of Scale
The basic theory of acoustic modelling suggests that mod-

elling at any scale is valid. Apart from the question of air
absorption, the modelling is basically pure with no further
corrections required beyond the scaling of dimensions,
frequency and time etc. It is practical considerations
which determine the choice of scale. A major constraint
relates to transducers which tend to have a high fre-
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quency limit around 100 kHz, both in the case of loud-
speakers and microphones.

In practice model scales fall into large, medium and
smoll. Under the category large, the common scales have
been 1:8 and 1:10. 1:8 has the advantage of being a
whole number of octaves; the other point in its favour for
analogue work is thot tape recorder speeds rraditionally
vary by multiples of two. 1:10 is of course a very com-
mon scale for architectural drawings.

While models at these large scales can be very accu-
rate and versatile, they have practical limitations as design
aids. They are expensive and require spaces with more
than normal ceiling height to house the models. Perhaps
even more important than these is the problem of the time
it takes to construct the model, which means that the model
cannot get fully integrated into the design process. A more
flexible moder is required in which major geometrical
modifications are possible. In physical terms models of
concert halls at 1:50 scale, for inskance, are around 1 m
long and can easily be carried by two people. '

At 1:50 scale some measurements con be made in the
100 kHz octave {2 kHz full-size), most measurements are
limited to @ moximum frequency of the 50 kHz octave
(1 kHz full-size} up to which the directivity of the micro-
phone is only a minor problem. impulse responses can be
replayed at scaled down speed through o loudspeaker,
but otherwise only objective measurements are possible.

Intermediate scales of 1:20 or 1:25 represent the
medium group, with advantages intermediate between
the large and small.

Measurements in Acoustic Models
Measurements in auditoria are divided into objective,
which give numerical volues, and subjective, which
involve assessment by listening to speech or music. The
traditional objective measure is reverberation time but
objective assessment of auditorio relies at least as much
on the newer measures. For concert performance these
include [4]:

* Early decay time {decay rate over first 10 dB of
decay, it matches the sense of reverberance better
than reverberation time)

* Early-te-late sound index {Cgo, @ ratio measured in
dB relating to perceived clarity} ‘

* Early lateral energy fraction (relating to the sense
of source broadening coused by eary lateral
reflections)

* Relative lotal sound level {'relative’ referring to the
sound power of the source, a correlate of loudness)

For speech conditions, there are several measures cor--

responding to intelligibility, of which the 50 ms early
energy fraction {Dso} is often used. The principle behind
this meosure and the early-to-late sound index for music
is the same.

The first part of a model testing programme will gener-
ally consist of measurements of reverberation time {and
early decay time) in the empty model, followed by the
model with seating and the other absorbing materials
installed. With the model fully furnished, impulse response

measurements are then undertaken at a dozen or more

receiver positions. Sound level distribution is also measured.

Subjective. fesfing involves playing speeded up music
or speech through the model, making a simultaneous
recording which can then be replayed at slow speed for
listening over headphones or loudspeakers. The demands
on small scale tfransducers are considerable. One major
development by Xiang and Blavert [5] has been o 1:10
scale model head wi&r scaled outer ears, which enables
truer recordings to be made.

Analogue Versus Digital Signal Processing
During 21 yeors, analysis has switched from being
almost completely analogue to almost wholly digital. it is
interesting to compare the two. For both opproaches

- though it is important to bandpass filter microphone sig-

nals to avoid signals being swamped by irrelevant noise.

Analogue techniques involved many boxes and some
fairly bulky equipment. The most bulky was a mulkiple
speed 4 track tape recorder with the facility for simultone-
ous playback ond recording. This recorder was used to
implement the interrupted noise method for reverberation
time measurement with the decay traces plotted out on a
traditional level recorder. The tape recorder was also used
for subjective testing of models with music or speech.

Many cbijective quantifies invoive integrated energy.
A purpose-built onalogue squarer and integrator was
used for this. However if a spark source is used, no two
spark signatures are the same and o digital store for
impulse responses is invaluable. To measure the ratio of
early-to-late energy could involve as many as 12 boxes
of equipment; the operator had a choice of about 40
knobs he could adjust!

For digital analysis, only a microphone amplifier,
bandpass filter, storage oscilloscope and computer with
A/D convertor are necessary. The sophistication comes in
the writing of the software with a flexibility woy beyond
the opportunities of analogue solutions. For instance, the
dynomic range of the decay in Figure 1 was extended by
about 5 dB by first subtracting the bockground noise
intensity and then starting the integration with the energy
of the extrapolated decay. With digital analysis consid-
erable time is required to develop the software, but the
end result is o rapid measuring system which involves less
operator involvement.

From Large to Small Scale
in 1974 Professor Peter Parkin initiated a research project
into acoustic scale modelling ot the Building Research Sta-
tion, Watford. This project moved to Combridge University
in 1975 when | was asked to join, shorfly to be followed
by Raf Orlowski. The chosen scale was 1:8 and we had
two models: the Barbican Concert Hall and the Olivier
Theatre {Figure 2), both in London. The models were built
of varnished timber and were connected up to a continu-
ous drying plant. They were tested both objectively ond
subjectively; experiences with each are described below.
For reasons mentioned above, experiments were con-
ducted in 1977 into the feasibility of testing at 1:50 scale.
We worked lirst with o simple rectangular box and then
with a model of the Cambridge University Music School
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auditorium which we were most kindly lent by the archi-
fects. With access both to the model and the full-size
building, we were able to develop and validate the test-
ing techniques. The investigation of small scale modelling
had to consider source transducers and microphones,
gas/air absorption and model materials [6]. The author
has now tested seventeen auditoria at 1:50 scale as part
of the design process including concert halls, drama theo-
tres, opera houses, a council chamber, an atrium and a
lecture theatre. 1:50 scale testing has also been adopted
by several other consultancy practices.

Scale Modelling of Concert Halls

For the 1:8 scale model of the 2000 seat Barbican Con-
cert Hall, testing took place before completion of the real
hall. The primary aim was to investigate the value of a
series of diffusing spheres which had been proposed for
the ceiling space. It was concluded that the spheres were
performing a useful role in improving acoustic uniformity
throughout the space.

The acoustics of the Barbican Concert Hall have had
their fair share of criticism since the hall opened in 1982
[7]. Commenting on its acoustics is complicated by the
fact that there is not one but several faults. The most obvi-
ous problems in the real hall were independent of the
model exercise; they are concerned with the reverbera-
tion time. The hall volume is too small for a satisfactory
mid-frequency reverberation time. But this is compounded
by a short low frequency reverberation time, the most

Technical Contribution

likely cause of this appears to be excessive low-frequency
absorption by the audience seating. The 2000 ditfusing
spheres were removed from the hall in an early effort to
increase the reverberation time at 125 Hz.

Objective assessment of the model also used the
newer measures related to the impulse response. It is now
clear that there was a lot more to learn about interpreting
these measures. For instance in the case of the early-to-
late index (Cgo), we had recommendations by Reichardt
et al [8] for music of the Classical and Romantic eras, Fig-
ure 3. The total range considered acceptable for both
these musical styles was é dB, but was this appropriate?
For a 2000 seat concert hall should we perhaps just be
applying the criterion for Romantic music? And what fre-
quency range should we be applying this to? Should we
take the mean over 5 octave frequencies 125 — 2000 Hz,
as used for Figure 4, or a smaller frequency range?

On the other hand, there is a predicted value for the
ratio based on an exponential decay:

Cago=10 |Ogm (et 11/ =1).

For a 2.0 s reverberation time, the predicted valve is -1.3
dB. If we measure valves significantly different from this,
should we be concerned?

It has taken a while to resolve these issues. Perceived
musical clarity, which is thought to be related to the early-
to-late ratio, is now considered to be linked to just the
mid-frequencies, 500 - 2000 Hz. (The low frequency
ratio is influenced by attenuation at grazing incidence,
also known as the seat dip effect, which presumably has

Fig. 2. 1:8 scale model of the Olivier Theatre, London.
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bring some seating blocks closer to the stage, (b) to rofate
some surfaces in plan in the Stalls to provide more reflec-
tions to rear Stalls positions and (c) a substantial redesign
of the ceiling and suspended elements, with in particular
a raised so&if at the rear of the hall opposite the stage.
The effect of these changes on the EDT was to increase
values so that they were now closer to the reverberation
time, Table 2. This demonstrated that the acoustics were
now more diffuse, almost as diffuse as St David's Hall,
which has ratios of mean EDT/RT close to unity, Table 1.

Modification (b) improved conditions at the rear Stalls
(problem 1), while the raising of the soffit at the rear
(modification c) resolved problem 2 for seating at the
highest level. The echo paths (problem 3) involved reflec-
tion off the cornice between the walls and ceiling; these
paths were obscured in the redesign of the ceiling. Figure
6 shows squared impulse responses at the same position
(front of highest balcony opposite the stage) for the first
and second models. In the first model the echoes, delayed
around 120 ms, are clear, while in the second model the
impulse response follows the preferred 'fir tree' criterion
[1, p421].

Model testing of the Waterfront Hall demonstrated
very clearly how testing at 1:50 scale can be fully inte-
grated within the design programme and influence the
design in major ways.

Scale Modelling of Drama Theatres

The 1:8 scale model of the Olivier Theatre (Figure 2) was
not tested during the design process but was pressed into
urgent service once the theatre was about to open in
1976. There were clearly acoustic difficulties and the first
question concerned the nature of the problem: were the
problems due to echoes or associated with the impulse
response? Echoes are an obvious fault and the theatre
had some examples which could be tracked down in the
model. Yet echoes proved to be more a symptom of the

fundamental problem rather than the cause. Experience
with the Olivier model formed the foundation of an
understanding of theatre acoustics, which was confirmed
in the Acoustic Survey of British Auditoria [7].

Twenly years previously in 1953 Thiele had proposed
the concept of the early energy fraction as a correlate of
speech intelligibility. It just remained to establish what
influenced the fraction in a drama theatre. In theatres
with intelligibility problems there are usually insufficient
early reflections, though a reverberation time shorter than
1 second is also desirable. The directional nature of the
source is crucial as well and poor intelligibility is normally
restricted to situations where the actor is tacing away
from the listener.

To conduct full sets of tests at 1:8 scale, a model direc-
tional speech source was developed by Orlowski [13].
This was also used for subjective tests and produced per-
suasive recordings of the effect of the actor turning round,
for instance.

With a single objective measure determining success
or failure for speech, 1:50 scale model testing for drama
theatres is a reliable procedure. Several drama spaces
have been tested at this scale. A good example is the
1270 seat Theatre Royal, Plymouth. A directional spark
source is used to match the directivity of an actor. The
emphasis in the tests is on the situation where marginal
theatres fail: namely with the actor facing across stage
and listeners in the half of the auditorium behind the
speaker. In the Plymouth theatre, inadequate intelligibility
was discovered at the highest seating level and improved
by redesign of the suspended ceiling. The full-size theatre
opened in 1982 with satisfactory intelligibility for all
audience locations.

Scale Modelling of Opera Houses

Four models at 1:50 scale have been tested for use for

opera. If we had difficulties deciding how to interpret

Squared impulse response

Squared impulse response

) 108 280

Full-size time (ms)

) 100 260
Full-size time (ms)

Model 1

Model 2

Fig. 6. Impulse responses at the same seat position in models of the Waterfront Hall.
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Technical Contribution

objective measures in the case of concert halls, then the sit-
uation for opera 20 years ago was dire. The only avail-
able criterion was for reverberation time. And the situation
is complicated by there being two sound sources: the sing-
ers on stage and the orchestra in the pit. As a result of
model tests, objective measurements and subjective survey
in full-size opera houses, the principal criteria beyond
reverberation are now considered to be intelligibility of the
singers and clarity and envelopment for the orchestral
sound. But probably most important are the sound levels
generated by each sound source and crucially the balance
behveen the singer's level and the orchesira [7].

In 1980 we tested our first model opera house for La
Plata in Argentina (consultants Bickerdike Allen Parmers);
it was also the largest in terms of capacity: 2180 seats
with an auditorium volume of 15,500 m3. This model
proved to be pivotal for the understanding of the acoustic
effects of balcony overhangs. The sound component most
influenced by an overhang is the late reverberant sound
and this is mainly due to the reduced vertical angle of
view of the main auditorium volume from seats under
overhangs. In opera houses much of this view is of the
proscenium opening which often reflects little sound back
into the auditorium. In brief, the effect on the reverberant
sound of an overhang is more marked in an opera house
than in a space without a proscenium; this leads to a
reduced sense of reverberation in these seats.

Other problems met in the model of the La Plata house
were possible echoes associated with the high ceiling and
focusing by concave surfaces. A diffusing ceiling was
proposed as well as replacement of the curved surfaces.
The importance of using the splays to the side and above
the proscenium opening for acoustic reflections also
became clear from the model tests. Construction of the
full-size opera house has been rather protracted.

Conclusions

The experience of testing models at various scales has
been especially rewarding in reaching an understanding
of the behaviour of sound in auditoria and appreciating
the acoustic contribution of the various elements in a
design. Indeed speaking personally | have probably
learnt as much from model testing as other sources of
experience combined. Models have provided pointers for
what to look for in full-size auditoria. Since most of the
modelling relies on objective measures, the testing has
stimulated an understanding of acceptable values for the
newer measures and what aspects of the design are
important. Various publications owe their inception to
model results, such as behaviour under balcony over-
hangs [14].

Testing models demands a range of skills. At the prac-
tical level it is important to understand the physical and
electronic system being used and know for instance when
a microphone is misbehaving. The measurements generate
a series of objective results and an understanding of each
measure is essential. And based on these results, decisions
have to be made when to propose major changes to the
design. The roles of technician and engineer have to be
combined with that of the acoustic designer.
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For our testing at 1:50 scale, it was fortunate that the
first two models we tested (St David's Hall, Cardiff and
the Theatre Royal, Plymouth) were each good basic
designs! With time, we have developed greater under-
standing and confidence. In the last few years, radical
changes have been proposed to several designs we have
tested and a second series of tests undertaken on a mod-
ified model.

Acoustic scale modelling now has a history of over 460
years, though in the early years it was a case of devel-
oping and validating techniques rather than as an active
influence on design. Computer models have o clear
advantage in terms of convenience and cost, but they
have yet to demonstrate that they can cope with the com-
plexities of diffraction and cope with the transition
between the early and reverberant sound. Computer
models require a good description of the acoustic char-
acter of surfaces; this has led recently, for instance, to
work on the diffusion coefficient for surfaces. For complex
geometries, it is likely that diffusion properties of surfaces
may need to be measured at model scale in any case!
The position of acoustic scale modelling looks secure for
yet a while as a design aid for major concert halls, opera
houses and drama theatres.
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Standards

BS 7827:1996 CODE OF PRACTICE FOR DESIGNING,
SPECIFYING, MAINTAINING AND OPERATING
EMERGENCY SOUND SYSTEMS AT SPORTS VENUES

John M Woodgate

Introduction and History

The development of BS 7827 wos largely prompted by
the Hillsborough and Bradford incidents, although mary
people in this industry sector were well aware of the need
for it long before that was so tragically emphasised.

The history of the standard is very much a game of
- two halves, to coin a phraose. The initiative was largely
due to Steve Jones, under whose chairmanship an Inter-
Institutional Working Group (IIWG) was formed, con-
sisting of representatives of the Institute of Sound and
Communications Engineers {ISCE), IOA, the Audio Engi-
neering Sociefy {AES), the Institute of Sofety and Public
Protection and The Noise Council. After much delibera-
tion, the first version of the standard was published by the
former Sound and Communications Industry Federotion
(SCIF) as a Code of Practice. One of the important prin-
ciples that emerged from these discussions waos that if
numerical requirements or limits ore to be placed on o
characteristic of o piece of equipment or a system as a
whole, then there MUST be o defined, reproducible
method of measurement for that characteristic. It is by no
means as easy to ensure that as it might appear, which is
why BS 7827 contains some new methods of measure-
ment,

During the later stages of the work, the Football Stadia
Advisory Design Council {FSADC) saw the need for a
complementary, largely non-technical, document on
sound systems in their series of advisory booklets. This
was compiled by Peter Barnett, with contributions from
Steve Jones, Ken Walker and myself together with several
others. The demise of the FSADC means that the docu-
ment is out of print, but we are exploring the possibility of
ISCE taking it over and updating it.

Before disbanding, the IWG agreed that, offer on inifial
period of using the Code of Practice in the field, it would be
presented to the British Standards Institution for adoption as
a British Standard Code of Proctice. During this time, SCIF
distributed some 350 copies of the document.

| have actually managed to find the letter dated 26
August 1992 which advised John Hoile of BS! of what we
had in store for him! At first, we thought that we could
deal with this project in the same BS! Pane! as was deal-
ing with the revision of BS 6259, but this caused confu-
sion, so we set up another Panel, with much the same
membership, to deal with the new project separotely.

This of course, was the second half of the match, Dur-
ing the half-time interval, an amendment sheet was pre-

ared, and issved by SCIF in April 1992, correcting a
ew editorial errors in the original text.
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The Structure and Content

The structure of standards {in BS! terms, Codes of Practice
are one of six sorts of 'standard') is largely laid down in
BS 0. A Code of Practice contains recommendations, not
mandatory requirements, and any claim of conformity
should be in the form: (This system conforms to the rec-
ommendations of BS 7827:1996).

Section 1 sets out the Scope clause, which says what the
standord covers and often, what is specifically excluded.
Then there are some 'housekeeping' clouses about refer-
ences to other standards, followed by Definitions. This is
a most important clause, and one which gave us, even
after all the IIWG discussions, much difficulty in the BSI
Panel.

There are two things to consider in a definitions
clause: which terms need to be defined, and what should
each definition say. There is a tendency to neglect the first
point, which can lead fo long strings of unnecessary def-
initions. Then again, one needs to look at individual
descriptive phrases throughout the document and make a
specific decision as to whether a definition is required or
whether the use of a particular term reacts on other def-
initions, and if so, how.

Despite the long discussions in the BSI Panel, the
changes to the original IWG text proved to be relatively
few. One of the more significant results of this work is a
group of three definitions:

» .Audibility: that property of a sound which allows it to
be heard among other sounds. The sound pressure level
must be sufficient to overcome masking effects due to
other sounds present at the same time. Because masking
is frequency-selective, the spectra of the wanted and
unwanted sounds, os well as the relative sound pressure
levels, affect audibility.

» Clarity: the property of a sound which alfows its infor-
mation-bearing components to be distinguished by the lis-
tener. Much o?the information content of speech (in con-
sonants, for example) is transient in natre. Such
transients can be adversely affected by limited bond-
width, severe non-linearity and time domain effects such
as reverberation. Speech is actually very tolerant of 'lim-
ifing' type non-linearity {peck clipping), although much
less tolerant of origin distortion (crossover distortion).

+ Intelligibility: A measure of the proportion of the con-
tent of a speech message that can be correctly under-
stood. Satisfactory intelligibility requires both sufficient
audibility and adequate clarity.

While these definitions may now seem fairly self-evident,
and they correlote well with the mathematics of the
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Speech Transmission Index (STl) approach to the objec-
tive measurement of intelligibility, they did not exist
before the IIWG work. Note that ‘clarity’ as defined here
includes effects due to the electronic part of an electro-
acouslic system, and includes the purely acoustic use of
the word ‘clority', which relates to the effects of what
would in electronics be called multipath propagation.
Section 2 of the stondard consists of a treatment of intel-
ligibility, since this is one of the two major functional
requirements of a stadium sound system, the other being
reliability. In order to prove the achievement of specified
requirements, an objective measure of intelligibility is
required, and three methods, STI, percentage articulation
loss of consonants (%Alcons) and Phonetically (phoriem-
icatly) Balanced word scores (Pbws) are briefly discussed.
{This work led directly to the UK proposal to |EC to revise
IEC 849 and IEC 268-16, to provide a more complete
treatment of the merits of different methods of assessing
intelligibility than appears in ISO TR 4870.)

This Section also contains practically-oriented advice

on the definition and achievement of adequate intelligibil-
ity. One major difficulty is that intelligibility measurements
can rarely be made in a Rl stadium. However, methods
have been developed which ollow an experienced person
to predict the intelligibility in o full stodium from measure-
ments made under other conditions.
Section 3 deals with system specifications, and begins
with a group of recommendations conceming ' attributes
that cannot be assigned numerical values. It recommends
that a permanent record be kept of 'what the system wos
supposed to do when new'. The value of such a record in
later years may well be obvious. Other subjects dealt with
include zoning and the design of emergency announce-
ment control panels and their environment.

Quantitative {numerical) recommendations are given
for sound pressure levels in various types of area, fre-
quency response, coverage, system-inherent noise levels
(particularly important in hospitality areas), elecirical
headroom and intelligibility. Of these, the recommenda-
tion for electricol headroom proved the most difficult to
determine, and led to a new method of measurement.
Section 4 details the methods of measurement to be used,
including sound pressure levels, frequency response, cov-
erage, electrical headroom and intelligibility. Clearly, in
a case of dispute, uniform methods of measurement must
be used, otherwise no resolution of the conflict is likely.

Both frequency response and elecirical headroom do
not at first sight appear to present any difficulties in meas-
urement, but this is not so. Frequency response measure-
ment is better carried out using pink noise rather than o
swept sine-wave, which is a porticularly disturbing sound
when unwanted and can cause compressors and limiters
to misbehave unpredictably. Any equalization for a par-
ticular microphone must be disabled, and third-octave
band sound pressure level measurements must be made
at o series of places in the coverage area. Because of
multipath effects, a flat response is not to be expected
from this method, so limits are recommended on a 'devia-
tion from uniformity' basis.

The measurement of electrical headroom is necessary
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Standards

in order to allow o measure of peak clipping of speech
signals, but not so great an amount that clarity is com-
promised. Speech is a very 'peaky’ signal: the broadcast-
ers expect a headroom of around 20 dB in order to elim-
inate clipping entirely, but this represents a sound power
100 times greater rﬁon necessary to establish the nec-
essary average sound pressure level. Such an investment
in amplifiers and loudspeakers could not possibly be jus-
tified unless essential, which it is not. Subjective tests have
shown that a headroom of only 6 dB is tolerable if the
headroom limit is defined as 17% dotal harmonic dis-
tortion due to clipping of a sine-wave signal.

However, as mentioned, the test signal actually used
is preferably noise, in this case noise with a spectrum
similar to that of speech, so we have to express that 17%
distortion limit in terms applicable to the noise signal.
Now when we dlip the pecks of a noise signal, its rms
level decreases, and this effect is known as 'compres-
sion’,

By measurement {and it can be colculated as well),
17% total harmonic distortion due to clipping of o sine
wave signal corresponds to approximately 1 dB of com-
pression of the noise signal whose uncompressed rms
value is equal to that of the unclipped sine wave. So we
apply our noise signal and turn up the wick, plotting elec-
trical output level against input level, and when the output
level droops by 1 dB from the straight line, we have
reached the end-stop. This is recommended to be ot least
6 dB above the output level giving the required sound
pressure levels. 6 dB of headroom looks awfully lite, but
it still means four times the amplifier power and loud-
speckers to suit.

Finally in Section 4 are recommendations for commis-
sioning and routine testing.

Section 5 gives recommendations for operation of the
system. Many problems are caused by a lack of operator
training, leading to misuse if not abuse. The concept of
'responsible person' is used in order to combat the ten-
dency in human nature to suppose that things will con-
tinve to work even if no-one is responsible for ensuring
that they do. Emphasis is laid on the need for doc-

umentation of the system to be readily available where it
is needed, in o form that can be understood, yet secured
against accidental loss,
Section 6 deols with the need for regular maintenance
ond re-testing, and ‘in particutar the need for a main-
tenance manual and o log book containing records of all
faults, repairs and routine tests. These records are inval-
vable for convincing accountants that the funding of
repairs and maintenance protects the original investment
in the system from precipitate and irrecoverable losses,
accompanied by smoke.
Section 7 deals with the matter of training in depth, ond
rticulorly with the training of announcers. All the intel-
ﬁgib'ility results will be worthless if the announcer sounds
as if he or she is eating a treacle toffee, and if on incident
does occur, a 'Private Jones' approach is just what is not
wanted, rather a calm, cleor, authoritative voice to retain
control and restore order.
Section 8 deals with reliability: this is the second of the
most important attributes of a system. There are two main
aspects: prevention of interference with the system adjust-
ments (however well-intentioned) and preservation ot an
adequate power supply to the system.

The standard is completed by eleven Annexes, which
cover many aspects in greater detail or address specific
topics. Models for design statements, fault reports and
notification fo a certifying authority are included, as well
as an inspection check-list and information on the testing
ond cerfif‘i)cc?ion of competence of announcers.

This article is based on a paper given to a meeting of The
Institute of Sound and Communications Engineers, with
whom the Institute of Acoustics enjoys a close relo-
tionship, at Tottenham Hotspur Football Club's ground in
London on 11_April 1997. Copies of the proceedings of
that meeting are ovoilable through the ISCE at PO Box
258, St Albans ALT '1QZ, price £10 to members, £15
non-members. :

John Woodgate is an independant consultant based at
Rayleigh, Essex and is HonSecretary of ISCE. L

South Bank University

Research Studentship in Acoustics

A research studentship, funded by EPSRC, is available in the Acoustics Group at South Bank University. The studentship is for a
pericd of three years, leading to the award of PhD. The research project will be in an area related to current research interests of
the group which include concert hall acoustics, deafness amongst classical musicians, building services noise, light rail noise and
low frequency noise. The successful applicant will have a first or upper second class honours degree in acoustics, engineering,
science or another relevant subject. The closing date for applications for the Research Studentship is 12 June 1997.

MSc in Environmental Acoustics

Full-time (1 year) and part-time (2 years} places are still available for the September 1997 and the February 1998 intakes.

If you would like more information or wish to apply for the studentship, please write to Dr Bridget Shield, School of Engineering
Systems and Design, South Bank University, London SET 0AA. Tel 0171 815 7658/7602 Fax: 0171 815 7699.
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GOVERNMENT COMMITMENT STRENGTHENS
THE VOICE OF THE PROFESSION

Mike Heath

A significant landmark has been reached in the pro-
fession's concerted efforts to strengthen its influence, and
have its voice heard on matters of national importance,
with the recent signing of a Memorandum of Under-
standing (MoU) between Government and the Engi-
neering Council.

Signature demonstrates a clear Government commit-
ment to the engineering profession and clearly defines its
role in ensuring that the UK maintains a world-class, pro-
fessionally qualified engineering workforce. It represents
a ringing endorsement of the direction that the Council
and the professional Institutions have taken since uni-
fication, and Government approval of the targets we
have set ourselves.

Specifically, of course, the Memorandum of Under-
standing establishes the Engineering Council as the prin-
cipal voice of the engineering pro?ession and the body
recognised by Government to speak on profession-wide
issues. Additionally, and of increasing significance, it
confirms Government recognition for the Council to repre-
sent the UK profession interationally. It is also recogni-
tion of the constructive contribution of engineers to the
debate on appropriate major issues.

A good deal of our activity over the past twelve
months has been focused on strengthening our rela-
tionship with Government and persuading it to listen to
our views on issues affecting the wider profession. |
believe we have achieved considerable progress in that
respect.

| hope, however, that Institutions will continve to
enhance their own links with Government, Parliament and
Whitehall and continue to speak for themselves on issues
relating to their particular areas of interest.

The MoU was, of course, signed by a Conservative
Government and many people have asked me how its
status is affected by the election of the new Government. |
am able to report that Margaret Beckett, the new Pres-
ident of the Board of Trade, pledged her support for the
agreement prior to the recent election. The arrival of a
new Labour administration does not affect its validity in
any way.

I do not for a moment see the signing of the MoU as
an end in itself. It merely establishes a framework within
which the Council and Government can work together to

further the cause of professional engineers in the UK, and
signals to the rest of the country that Government con-
siders engineering to be important and worthy of its sup-
port.

It is an indicator of how far the profession has been
transformed in the relatively short time since the new relo-
tionship between the Engineering Council and the Institu-
tions was established. The success of the partnership,
however, will be gauged on our results. All we have done
between us is to create the necessary platform from which
we can raise our profile, improve public standing and
increase our influence.

During 1997, the Year of Engineering Success (YES) is
providing us with the extra stimulus to drive forward a
programme that reflects the Council's mission statement:
"To enhance the standing and contribution of the engi-
neering profession in the national interest and to the ben-
efit of society".

This statement mirrors what engineers and technicians
on the Council's National Register repeatedly tell me they
want to see the profession achieve. As the Engineering
Council and the Institutions have found to their advan-
tage, working in partnership can be the best way for-
ward. There is potential, therefore, to extend this strategy
to the wider engineering community.

One example is the proposed establishment of a
National Engineering Group, aimed at drawing not
only on the talent and imagination of people from
within the profession but also appropriate individuals
from outside. We believe that such a pooling of ideas
will result in policies which demonstrate the true value
of engineering and help convince the brightest young
people that it offers exciting, stimulating and well-paid
careers.

Nonetheless, | am fully aware that most responsibility
for developing the necessary climate of change will con-
tinve to fall on the Engineering Council. With this in
mind, a decision was taken last October to develop the
internal running of the organisation on order to be in the
best possible shape to meet the challenge. We are there-
fore working towards best practice through achievement
of the Investors in People (IIP) national standards.

Mike Heath is Director General of the Engineering
Council.

Fire Acoustics Structures

The Building Test Centre
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LABORATORY IN THE WORLD !

NAMAS
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NEW CHARTERED AND INCORPORATED ENGINEERS

Chartered Engineers
Martin Newson has been working for twelve years in the field
of acoustics, noise and vibration control. A graduate in Engi-
neering Acoustics from r?ne
Institute of Sound and Vibra-
tion Research at Southampton
University, the early parlnt;Fhis
career was spent in Englond,
firstly at Trox Brothers Ld,
manufacturers of air condi-
tioning equipment, where he
med acoustic tests on
products. He then took up @
position with Hann  Tucker
Associates, a major English
acoustic consultancy. In his five
years with the company, he
4 project managed many sig-
nificant buildings from con-
ceptual design to oca:ﬁx:ncy.
Three years were then spent
at Paul Veneklasen and Asso-
ciates in Santa Monica, California as project manager for many of
the company's largest and most complicated projects. In August
1994, he founded Martin Newson and Associates, who are con-
sultants in acoustics and presentation systems.
Frederick Price was educated at King's College Taunton, St
Peter's College Oxford and King's College London, where he
completed a PhD in ultrasonic acoustic communication prior to
joining the Royal Navy in 1984. He has served in a wide
variety of appointments at sea and ashore, including the carrier

HMS Ark Royal, the MoD and the British Embassy Dubai -
where he saw active service during the Iran-lraq war.

A 21/7 year appointment as Deputy Commander of the
RN's largest Weapons Engi-
neering gchool at HMS Col-
lingwood was followed by 12
months on the HQ stcﬁ of
General Sir Michael Rose in
Bosnia in 1994, There he was
responsible for a number of
heavy engineering/ infra-
structure repair projects, not-
ably the restoration of water
uncr gos supplies to Sarajevo,
for which he was appointed
& MBE. Currently on the staff of
= Commander-in-Chief Fleet, he
is responsible for the coordina-
tion of training policy in a
Command of nearly 30,000.
Promoted Commander in
W 1994, he is on a full career
commission as a Engineer Officer of the Training Management
sub-specialisation.

Steve Sheridan, on leaving the University of Salford's Depart-
ment of Applied Acoustics, started his career in the noise control
equipment manufacturing industry employed as a product appli-
cations engineer. This included overseas sales support in the
Middle East and the development of acoustic prediction soft-
ware. During this period Steve successhully completed the Insti-
tute of Acoustics' Diploma Course at what is now the Liverpool

COMPLETE
ACOUSTIC
ENGINEERING

All equipment constructed under Quality Assurance at our
own manufacturing plant. Noise control solutions
engincered from survey/design to installation. Our products
are independently tested by A.LR.O.

Represented throughout the United Kingdom.

Contact:

Acoustic Air Technology
Acoustic House

1 Salisbury Road
Weston-super-Mare
Somerset BS22 8EW
Tel: 01934 619638

Fax: 01934 414787 Certificate No. FM21764
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Institute of Acoustics
5 Holywell Hill, St Atbans ALT TEU

Tel: {0}1727 848195 Fax: {0)1727 850553 email Acoustics@clusl.ulcc.ac.uk
Registered Charity 267026, :

Two-day Course

ACOUSTICS FOR SOUND SYSTEM ENGINEERS

Saturday 5 and Sunday 6 July 1997
Institute Offices, St Albans

This course is based on the courses of the same name that have been run until last year as part of the
Reproduced Sound series of conferences. The Tutors will again be

Dr Paul Darlington (University of Salford)
Peter Barnett (AMS Acoustics)
Dr Roy Lawrence (Institute of Acoustics)

Full course notes will be provided and the subject areas covered will include

« The structure of sound waves » Use of physical and computer models
* How sound is quantified » Microphones

« Aspects of hearing * Loudspeakers

* Sources of sound » Interaction of loudspeakers with spaces
» Direct and reverberant sound levels » Sound system design '
» The behavicur of sound in large spaces * Speech intelligibility

* The behaviour of sound in small spaces » Standards

* Room defects » Aspects of the law

To derive maximum benefit from the time available, (no prior knowledge in any area will be assumed), on the
Saturday teaching is from 09.00 to 20.00 and the course finishes at 17.00 on the Sunday. Course fees include
the cost of all written materials and pub lunches on Saturday and Sunday. Course numbers will be limited to a
maximum of ten to permit demonstrations. Hotel accommodation for the Friday and Saturday nights will be
arranged if required. Attendance Certificates will be issued for CPD purposes.

Attendance on this course satisfies the tuition requirement for the
Acoustics Module of the new Diploma of the Institute of Sound and Communications Engineers.

ACOUSTICS FOR SOUND SYSTEM ENGINEERS (No 97/2)
Saturday 5 and Sunday 6 July 1997
Institute of Acoustics Offices, St Albans

Course Fees: Members of the Institute of Acoustics, the Institute of Sound and Communications Engineers,
APRS and employees of PLASA companies £300 + £52.50 VAT = £352.50
Non-members £400 + £70.00 VAT = £470.00

Name: Qualifying Membership:
‘Organisation:

Address:

(1 Please regrster me for the course, | understand that space on the course is limited
[0 Cheque enclosed for the course fees

O Please invoice me for the course fees at the above address

[0 I am unable to attend this course, please inform me when it is to be run again.

N | J
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CALLS FOR PAPERS

1997 Windermere Conferences
Hydro Hotel, Windermere

Reproduced Sound 13

23 -26 October 1997

i
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Topics+ Digital Broadcasting & Internet Audio - Multi-Media Audio -
Loudspeakers: Measurement and Developments - Auralisation and
Speech Intelligibility + Recording and Listening Environments - Signal
Processing - Control of Entertainment Noise « In-Car Audio -

1997 Autumn Conference

Codes of Practice

(their use and abuse in noise or vibration assessment)

27 — 30 November 1997

Topics include- Whether a particular code is used at all+ How it is
used+« Does it need updating /re-writing? + The question of formal
adoption under Section 71 of the Control of Pollution Act 1974 -

The sessions at both conferences will be a mixture of formal presentations and workshops.
Offers of technical contributions shaould be sent in the form of a 100-word abstract to the Institute Office.

MEMBERSHIP

The following were elected to the grades shown
at the Council meeting on 12 May 1997

Fellow Hunter, R N Webb, D J Spencer, J P
Goyder, HG Jephson, L P Willmott, R F Tang, WH
Saunders, D J Jiggins, M Wright, P

Mackenzie, R G Associate
Member Naqvi, A Associate Member Cresswell, A P
Barnes, R Nicholl, A Gosling, S J
Bickerstaff, CM Parker, GF Johnson, CD Student
Breen, A Rintoul, S Morgan, P A [ves, DT
Dadkhah, N Rogers, 1 E Pennington, C Jobling, B
Gardiner, R Ruttle, J A Scrivener, R M Papanagiotou, K
Gibbs, J L Wang, L. 5 Smyth, B S




One-Day Meeting

IEC 1672:

The New International Standard for Sound Level Meters
(Organised by the Measurement and Instrumentation Group)

The Royal Society, London
Wednesday 25 June 1997

=
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The sound level meter is the most commonly used instrument for the measurement of noise levels
worldwide. The last twenty years have seen significant changes in the design and features of sound level
meters. These changes have prompted the International Electrotechnical Commission to set up a Working
Group, [EC/TC29/WG4, to prepare a new International Standard, IEC 1672, covering both integrating and
non-integrating sound level meters. A Committee Draft for Voting should be circulated for public comment
early in 1997, and this meeting has been arranged to discuss the specification within the new Standard, and
the implications for all users of sound level meters.

09.30 Registration and refreshments
10.00 The purpose and scope of the new Standard
Alan Marsh, Dytec Engineering, Convenor of IEC/TC29/WG4, USA
10.15 Requirements for microphenes
Gunnar Rasmussen, GRAS Sound and Vibration, Denmark
10.45 Acoustical frequency responses and accuracies, including testing
Peter Hedegaard, Briiel & Kjzer, Denmark
11.30 Refreshments
11.50 Steady and transient measurement capabilities, and verification tests
Ole-Herman Bjor, Norsonic, Norway
12.30 Electromagnetic compatibility
Richard Tyler, CEL Instruments, UK
13.00 Lunch
1415 . Effects of environmental changes
Gaston Banget, Laboratoire Nationale d’Essais, France
14.45 The importance of measurement uncertainty during testing
Susan Dowson, National Physical Laboratory, UK
15.15 Refreshments
15.35 The role of the sound calibrator
John Kuehn, IEC/TC29/WC17, UK
16.05 Implications and implementation time scales
Alan Marsh, Dytec Engineering, Convenor of IEC/TC29/WG4, USA
16.20 Driscussion
16.45 Close

Certificates of attendance for CPD purposes will be available to delegates.
Meeting Organiser:
Richard Tyler FIOA, CEL Instruments Ltd, 35-37 Bury Mead Road, Hitchin, Herts SG5 1RT
Tel: 01462 422411, Fax: 01462 422511, email richardi@cel.ltd.uk
Registration form available from the Institute office.

Institute of Acoustics, 5 Holywell Hill, St Albans, Herts ALT 1EU
Tel 01727 848195 Fax 01727 850553 email Acoustics@clus1.ulcc.ac.uk Registered Charity No. 267026




SMHAN VOI

INSTITUTE DIARY 1997/8

13 JUN
ICA CofC in Wiplace
Noise Ass't Advisory
Committee
St Albans

13 JUN
I0A Bulletin
Management Board
St Albans

18 JUN
Engineering Division -
Chartered Engineer
Interviews
St Albans

18 JUN
Executive Committee
St Albans

18 JUN
midlands Branch
Evening Mtg - Best
Practicable Means as
Applied to Acoustic
Probfems
Coventry

18 JUN
North West Branch
Technical Visit to
MIRA
Nuneaton

18 JUN
London Branch
Evening Mtg -
Acoustic Modelling
Methods
NESCOT

19/20 JUN
IOA Diploma Exams
Accredited Centres

25 JUN
Instrumentation &
Measurement Group
Oneday Mtg- 1EC
1672
London

26 JUN
Yorkshire &
Humberside Branch
Technical Visit to
Health & Safety
Laboratories
Buxton

30 JUN
Environmental Noise
Group Commiitee Mtg
St Albans

1 JUL
Acoustics Bulletin
Copy Date -
(July/August)

5/6 JUL
Acoustics for Sound
System Engineers
Course
St Albans

10 JUL
tOA CofC in
Environmental Noise
M'ment Advisory
Committee
St Albans

11 JUL
{nstrumentation &
Measurement Group
Committee
St Albans

16 JUL
RS513 Programme
Committee Mtg
Peterborough

18 JUL
Engineering Division -
Chartered Engineer
Interviews
St Albans

31 JuL
MNorth West Branch -
Concert at Bridgewater
Hall
Manchester

 19/22 AUG

ISMA ‘97
International
Symposium on
Musical Acoustics
Edinburgh

2 SEP
Acoustics Bulletin
Copy Date
(September/October)

8 SEP
Underwater Acoustics
Group One-Day Mtg
Scattering Problems
Bath

9 SEP
Midlands Branch
Evening Mtg
TBA

18 SEP
IOA Publications,
Meetings Committee
St Albans

24 SEP
North West Branch
AGM and Evening Mtg
Application of PPG24
Manchester

25 SEP
IOA Membership,
Education Committee
St Albans

26 SEP
CPD Committee &
Branch Represent-
atives Mtg
St Albans

SEP
Building Acoustics
Group Workshop -
Sound Insulation
Salford

2 OCT
IOA Medals & Awards,
Council
St Albans

10 OCT
IOA CofC in Wplace
Noise Exam
Accredited Centres

23-26 OCT
Conference:
Reproduced Sound 13
Windermere

31 OCT
IOA CofC in Env Noise
M'ment exam
Accredited Centres

OCT
IOA CofC in Wplace
Refresher Workshop
Birmingham

OCT .

Instrumentation &
Measurement Group
Workshop- Hand/Arm
and Whole Body
Vibration
TBA

1 NOQV
Accustics Bulletin
Copy Date
(Nov/December)

7 NOV
IOA CofC in Wplace
Noise Ass't Advisory
Committee
St Albans

11 NOV
Instrumentation &
Measurement Group
One-day Mtg Sound
Intensity - Theory and
Practice
BRE Watforef

12 NOV
Midlands Branch
Evening Mtg
TBA

13 NOV
IOA Publications,
Meetings Committee
St Albans

19 NOV
North West Branch
Technical Visit to
Salford University and
Presentation on MIDI,
Salford

19 NOV
Engineering Council
Conference and
Exhibition
London

27-30 NOV
Autumn Conference:
Codes of Practice
Windermere

4 DEC
IOA Membership,
Education Committee
St Albans

5 DEC
IOA CofC in
Environmental Noise
M'ment Advisory
Committee
St Albans

11 DEC
IOA Medals & Awards,
Council '
St Albans

16-17 DEC
Underwater Acoustics
Group Conference:
Underwater Bio-Sonar
Systems and
Bioacoustics
Loughborough

1988

JAN
North West Branch
Evening Mtg - Sound
Insulation Around
Manchester Airport.
Manchester

31 MAR - 2 APR
Acoustics 98, 10A
Spring Conference
Cranfield University

1997/98 Register of Members

This is in the final stages of preparation. The entries in the 1996/97 edition will not be automatically
included in the new edition. Make sure that a member-in your company has returned a form to the
IOA office if an entry is requried. Fax for a replacement form if you have lost yours.




Listen.. LARSON.DAVIS

and STAY WITHIN THE LAW AT AN AFFORDABLE PRICE

B

l|=rD) LarsonsDavis offers a wide
ID range of noise measuring
Larson-Davis instfrumentation for Noise at
Work applications.

The latest addition to the range is a
sound level meter incorporating real
time true digital Octave and 173 Octave
analysis capabilities specially designed
to save enormous amounts of time and
providing highly accurate data. This
flagship instrument will accompany
existing, and other new insfruments,
including a range of simple to operate
‘Point and Shoot” integrating sound
level meters, some with Octave Band
analysis capabilities, and the popular
NoiseBadge™ miniature profiling noise
dosemeter.

Simple to use Windows™ based
computer soffware enhance the
instruments capabilities further and give
graphical plots of time histories for easy
to see analysis of captured data.

The LarsonsDavis fwo year guarantee
and high quality after care service
enhance the Noise at Work
instrumentation package which can
be customised to meet the individual
needs of every user.

To find out how you can measure with
confidence, in a quick, easy and
effective manner fulfilling your legal
obligations, contact LarsoneDavis.

LARSON«DAVIS

....... responding to the needs of industry and environment,

| LARSONeDAVIs |
REDCAR STATION BUSINESS CENTRE StaTion Roap REDCAR TS10 2RD |

| Tew: 01642 491565 « Fax: 01642 490809
: email:aboyer@enterprise.net @  hitp://www.lardav.com

Larson-Davis
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Engineering Division
I T S ]

John  Moores
including the architectural
acoustics and transportation
noise specialist modules.

After 5 years in indust
he joined Vi{xonoise Limited,
noise & vibration consultants
engaFed as ’un engineer. This
initial consultancy experience
involved @ wi;: v);eieety of
projects including environ-
mental,  architectural  and
industrial acoustics, together
. with vibration engineering.
This included generator foun-
dation testing in Libya and the
design of a silencer fest rig.
Between 1986 and 1992
. Steve worked for a number of
consultancies located in the North West of England. During this
period he became a corporate member of the IOA and also
returned to the University of Salford where he was awarded an
MSc in Acoustics in 1989.

Prior to joining his current employer, WS Atkins Noise &
Vibration at their Nottingham office, Steve undertook a PgD/
MSc in Computing and Software Engineering at Southampton
Institute of Higher Education. He is now engaged as a Senior
Consultant Wiﬁl project management res, sﬂ:iﬁty. This role has
involved giving expert evidence, conducting industrial noise
research and preparing a noise impact assessment for the new
Hong Kong Airport at Chek Lap Kok.

Stephen Summers groduated with o BSc in Electroacoustics
from the University of Salford in 1987 having spent a year as
an industrial trainee at A P Besson working on the development
of telephone transducers. On leaving university Stephen went
S i o info consultancy with the
Acoustical  Investigation &
Research Organisation  Lid
§ (AIRO).  Initial  projects
included involvement in pro-
posing the methodology for
the National Noise Incidence
SUN? for the DoE and
sound insulation testing as

nt of a research contract
for the Building Research
Establishment.

In 1991 he gained an
MSc in Environmental Acous-
tics from the then South Bank
Polytechnic after r-time
: study. Since then his work
L has included field and labor-

L ki atory testing and a wide
variety of consultancy projects inc|uggng environmental noise
measurement and planning assessments, architectural and
building acoustics projects. Stephen has also handled the noise
assessment of major road schemes for the Highways Agency
and acted as an expert witness in noise nuisance and sound
insulation disputes. He also takes responsibility for in-house cal-
ibration relating to AIRO's status as a NAMAS accredited Test-
ing Laboratory.

Incor rath Engmeers

Robert Dolling was awarded his apprenticeship (on completion
of four years with Marconi Instruments) and gained his HNC in
Electronics with St. Albans College and Hatfield Polytechnic. He
subsequently took a position with Modular Technology Ltd, as a
Development Engineer, responsible for the devt;?gpmm of
infrared and laser line of sight communications systems. In

1983, he joined Hadland Photonics Ltd, at Newhouse Labor-

University,

20

atories. Aher studying an Instiute of Industrial Managers'
course, he held the post of Test Department Supervisor.

In 1990 Robert established and managed Quantum Sound
itd, installing and commissioning sound systems in sports
venues, hotels, council chambers and oil refineries. Uncon-
trollable circumstances forced the early demise of the Company
into liquidation in 1992.

At this point, Robert joined Glantre Engineering who spe-
cialise in the design and installation of professional sound, light-
ing, video and stage rigging systems for theatres and cruise lin-
ers.

He was Project Engineer, and had responsibility for the
design of the public address systems in a variety of environ-
ments such as Tottenham Hot-
spur FC's ground and Car-
nival Destiny and Disney
Cruise Liners.

Studying at Heriot Watt
University,  Edinburgh  in
1993, he gained The Institute
of Acoustics Diploma. From
there, he joined AMS Acous-
tics in London, responsible for
sound system design, environ-
mental acoustic measurements
and archietectural acoustics.
In April 1996, Robert secured
a position with TOA Corpora-
tion pie, Brentwood. As Man-
ager of the Systems Division,
he is responsible for all
aspects of electro-acoustic sys-
tem performance analysis, design and commissioning. He spe-
cialises in loudspeaker system design for applications in difficult
acoustic spaces, for voice evacuation, public address and enter-
tainment systems.

David Warrington spent several months working as a labor-
atory assistant ot the Department of Applied Acoustics, Uni-
vers::y of Salford, before attending what was then Coventry Pol-

nic.

yrecHe raduated in 1988 with a Higher National Diploma in
Eiedriccﬂ and Electronic Engineering, Eaving spent the sandwich
year at Ferranti Electronics Microwave Division in the Applied
Research department, evaluating and implementing improve-
ments to manufacturing technology.

Akter leaving Coventry, David was offered a post back at
Salford  University as an
acoustics Research Assistant,
working on impulsive noise
propagation, principally
involving field trials at military
ranges. This was followed by
part-time study for the Institute
of Acoustics' Diploma in
Acoustics and Noise Control
at Liverpool Polytechnic, and
he was awarded the Associa-
tion of Moise Consultants'
prize for best Diploma project
in 1991,

Following  that David
began a parttime MSc in
Acoustics at Salford  Uni-
versity, whilst continuing to
develop the field trials capa-
bilities of the department, both in the UK and abroad.

As Trials Laboratory Manager he is currently responsible for
co-ordinating and running much of the Department's practical
research work and involved in outdoor noise propagation from
a wide range of impulsive noise sources, as well as from hel-
icopters and low-flying aircraft. o
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Consultancz Sgotliﬁh’c

NUMERICAL MODELLING AT RUPERT TAYLOR LTD

Rupert Thornely-Taylor FIOA

Numerical modelling at Rupert Taylor Ltd has its origins
in the late 1970s, when Rupert Taylor began writing 2-
dimensional ray-tracing programs on a Hewlett Packard
9845, a cross between a giant programmable calculator
and a PC (then unheard of). In the early 1980s, when the
Ford Motor Company commissioned a study to find ways
of quietening its then new York direct-injection diesel
engine, Rupert Taylor's solution, subsequently patented
by Ford, was to design a wave filter for insertion in the
engine's fuel injector pipes. He began trying to find solu-
tions to the differential equations goveming non-linear
wave propagation in liquids under very high pressure,
and on failing then sought to model wave propagation
by finite difference methods. This was all done on a Com-
modore PET computer with 16 kB of RAM, and was a lit-
tle limited in scope.

The slightly easier problem of linear wave propaga-
tion cropped up later with the design of the Channel Tun-
nel. Firstly, leaving finite differencing on one side for the
time being, Taylor took to numerical modelling using
transmission line theory, involving the superposition of
forward and backward travelling waves in waveguides
after applying reflection and transmission coefficients.
This is a very neat technique which converges exactly
with algebraic solufions, for example, of equations for
the transmission loss of reactive attenuators. He made his
first software sale to a French company in the form of o
package for modelling low frequency transmission of
sound from the tunnel space into the interior of shuttle
wagons. This was followed by work carried out to study
the likelihood or otherwise of pressure oscillations arising
in the draught relief system of the Channel Tunnel itself.
Interestingly, while the transmission line model used was
intended to study oscillating flow, the results overlapped
nicely with those of a simultaneous aerodynamic study
carried out using a box model.

Transmission line theory in acoustics can be found
succinctly described in the first edition of C M Harris's
Handbook of Noise Control, and is a powerful tool. A
year or two later, having been impressed by a talk given
by Manfred Heckl, Taylor discovered what remains to this
day his secular bible, the late Ted Shultz's translation of
Cremer and Heckl's book Structure-Borne Sound. In here
you will find transmission line theory applied to structure-
borne sound. Soon Taylor was adapting the airborne
transmission line model to a structural one, and using it

for modelling the behaviour of the railway track on the
then proposed Tsing Ma bridge, part of Lantau Fixed
Crossing in Hong Kong.

The problem with structural transmission line theory is
that the phase velocity is dependent on frequency, and
the model has to be run separately for each frequency of
interest. At the time, a 33 MHz Intel 386 was the state of
the art so that full spectrum modelling was slow, and the
frequency limitations of transmission line models for struc-
tural wave propagation were the driving force behind a
change of tack back to finite difference modelling.

Finite difference modelling involves creating a repre-
sentation of the structure or space to be modelled using a
generally rectilinear grid. Each cell in the grid is assigned
a shear modulus, mass, loss factor, displacement and
velocity. For each time step (which may have to be as lit-
tle as 20 microseconds to achieve a stable model), the
shear and compressive stress, and the damping force are
computed, and the cell is accelerated accordingly. Its new
displacement and velocity at the end of the time step are
computed and the process repeated. For well known
structures such as beams, correspondence with Tim-
oshenko beam solutions is achieved, subject to small and
quantifiable errors resulting from the finite difference pro-
cess.

The first finite difference model was ready for the
design of railway tunnel vibration isolation systems in the
CrossRail project. Validated by retrospective modelling of
the Singapore MRT and the London Undergrour d tunnel
at Heathrow Terminal 4, the effects of all the design
nuances of floating track slab and resilient baseplate
track could be predicted.

Further validation was provided through an exercise
of a successful 'blind' prediction of levels of ground-borne
noise inside an existing theatre affected by an existing
underground railway, based on a measured spectrum of
rail roughness in the actual tunnel.

Meanwhile the floating track slab and resilient base-
plate track of the Jubilee Line Extension had been
designed, and the FD model was employed to study their
likely behaviour.

Finite difference modelling of this kind is wholly deter-
ministic, and the model can only be as accurate as the
material properties supplied to it. Moreover, in a railway
tunnel vibration is largely controlled by the magnitude of
wheel and rail roughness, something which can only be

Tel: 01142 730534

Quality Used Instrumentation For Sale
Sound level meters and calibrators, anemometers, electrical and mechanical test equipment
Pennine Instrument Services Ltd

Fax: 01142 751818
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Consultancz Spotliﬁht

Fig. 1. Finite difference modelling of train, tunnel, surrounding
soil, building and air above.

taken as a given piece of input data. Measurements in the
Channel Tunnel, where rail roughness measurement
results were available and surface vibration measure-
ments possible in a

cidences between bending wavelength in rails and
floating track slabs and vehicle dimensions such as
bogie wheelbase, with the train moving at any (not
necessarily constant) speed. Many dynamic phe-
nomena which ordinarily tend to take the railway
world by surprise when the railway starts operating
can be R;reseen by operating the FD 'virtual' railway
early in the design process.

While modelling underground railways is one of
the most valuable applications of FD modelling, in
which the dynamic behaviour of the moving rail vehi-
cle and its interaction with the track characteristics
are all used to predict not only tunnel wall vibration
but also propagation through the surrounding soil,
more exotic applications beckon. Propagation of
sound in air and modelling the acoustical behaviour
of spaces, with audible output via a sound card to
headphones is an extreme form of auralisation.
Modelling a complete musical instrument even more
50.

Unlike the transmission line model which has to be
run separately for each frequency when used in struc-
tural applications, the finite difference model copes
with all frequencies at once, provided that the damp-
ing term can be represented as directly proportional
to particle velocity. Damping which has a particular
frequency dependence means that even the finite dif-
ference model has to be run separately for each fre-
quency of interest, unless the damping mechanism

— —————— can be understood well enough to build it into the FD

equation.
While the modelling of structural vibration is by far
the most complex application, which requires not only the

location where the tun-
nel is under land rather /
than sea gave added
confidence in the level
of accuracy achievable
when properties such as
soil shear modulus and
loss factor are only
known approximately.
In any case where
the future performance
of a system such as an
underground  railway
has to be predicted, a
deterministic model can
at least consider the
effect of uncerfainties in
each of the parameters
in the model, so that lev-
els of confidence can be
applied to the results.
One of the most use-
ful facilities that models

et SRS

F this kind offer is th Fig. 2. The Class 156 Diesel Multiple Unit enjoyed the benefit of numerical prediction of inter-
e 0 1% XD ‘ofier s ne ior sound levels, followed by East Coast Main Line Coaching Stock, Class 465 Networkers
ability to study intricate and most recently Class 323 Electric Multiple Units.

effects such as coin-

o

W
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Consultancz Spotlight

Fig. 3. The design of the New Victoria Theatre, Stoke on Trent, was one of the earliest applications of Rupert Taylor's ray
tracing software. The geometric shape of the reflectors suspended above the stage area of the theatre-in-the-round was

designed to maximise early reflections from each performer around the full 360° auditorium. I

I

handling of compression and shear, modelling of sound
waves in air is no less complex when it comes to the
behaviour of boundary surfaces. The dynamic behaviour
of walls and panels is merely a special case of the struc-
tural model, but the resistive absorption of sound absor-
bent surfaces requires clever representation of the prop-
erties of the surface if not only the correct sound
absorption coefficient is to be achieved, but also the cor-
rect phase relationship between incident and reflected
sound is preserved.

Computational speed is obviously of great interest.
The original HP calculator on which it all began had only
ROM:-based interpretive BASIC and ran at about the
same speed as a Sinclair Spectrum which was also used
for some ray tracing in the early days (subsequently
replaced by a Q).

While Z80 machine code is comparatively easy to
write, Intel 80386 code is not. The big feature of the
model is the size of the arrays used, far bigger than those
conveniently handled by DOS compilers. IBM came to the
rescue with the operating system they hoped would
replace DOS, called OS/2. Version 1.0, which came out
in 1986 and gave you no more than a prompt and CGA
graphics, nevertheless had the pure joy of a flat memory
model, virtual memory through disk swapping and true
multitasking.

Version 2.0 followed, and was a 32-bit operating sys-
tem many years ahead of Windows 95 or NT. So while
most people were struggling with DOS, Rupert Taylor was

Acoustics Bulletin May / June 1997

enjoying boundless memory size — bounded only by the
capacity of the hardware which doubled each year. The
rise of the C++ language, which though totally unfor-
giving is almost as easy fo write as the more advanced
forms of BASIC, and very fast if the right compiler is used
(Borland, C++ and OS/2 are excellent bedfellows) and
the falling price of RAM, mean that complex structures
such as the new combined station for the Jubilee Line and
District Lines at Westminster, supporting phase 2 of the
new parliomentary building over the top, can be mod-
elled for as long as the passage of a complete train, in an
overnight run.

Real-time is a long way off (at least on a PC), but the
output is printed to file which can then be converted into
a WAV file for replay through a sound card.

Rupert Taylor is a consultancy practice which began life
31 years ago, when only a handfull of present day prac-
tices around the world existed in the }I;rm of acoustical
consultants. He claims to have been the first person to use
the term 'noise consultant' in 1988, when it was a
strangely off-beat profession. Now that noise consultants
seem almost as plentiful as architects, moving into the
more obscure corners of acoustical and dynamic mod-
elling is like going back to 1968, into a field occupied by
only a handful of people around the world.

Rupert Taylor Ld is based at Uckfield, East Sussex and is
a Member of the Association of Noise Consultants. o
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SOUND INSULATION: HOW MUCH DO WE
NEED AND CAN IT BE ACHIEVED?

Commonwealth Institute, London, 7 April 1997

This first Building Acoustics Group Workshop was attended
by 68 people Dr Les Fothergill, from the Department of the
Environment, opened the Workshop and stressed the need
for the Workshop, in line with recurring problems over
sound insulation in homes and the use of the Environmental
Protection Act, to promote retrospective remedial measures
for poor sound insulation.

Dr Nigel Cogger from Arup Acoustics' Winchester
office then discussed Building Regulations Standards. He
noted the usefulness of Colin Grimwood's paper on com-
plaints in Acoustics Bulletin July/August 1995, and high-
lighted that Colin had found a high percentage of com-
plaints were justified where the sound insulation was
below the target level of Approved Document E.

Although Colin concluded that the standard was
about right, Nigel argued that expectations have now
increased and background noise is dropping due to the
use of thermal glazing. Additionally, noise sources, espe-
cially, domestic sound reproduction equipment, are
becoming more powerful.

He highlighted the shortcomings, including the lack of
an impact performance test for walls, the lack of post
construction testing and the efficacy of the various forms
of construction which, although the precise terminology
has been deleted, may still be thought of as 'being
deemed to satisfy' in respect of the guidances.

Nigel compared standards in some other European
countries, for example:

German (multi-occupancy)

53-55 Dy, 46-53 Ly,

German (semi-detached)

57 Do1.w, 48 lateral L' 1,
He then highlighted the work of Brazier and Du Press
(JASA September 1994) which showed footfall noise as a
problem at low frequencies with timber floors. The onl
practical method of improvement was to increase the s.ﬁF?f
ness of a timber floor. Should we measure impact sound
over the low frequency range as well?
He concluded,

* A high proportion of constructions do not meet the

Building Regulations' target performance in practice.

* Building Regulations deal only with normal

domestic activity.

* Higher standards have been adopted in other

countries.

* Building Regulations do not deal with low fre-

quencies and suggested:

Improved Criteria

Greater Control During Construction.

Peter Henson from Bickerdike Allen Partners then
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addressed the Workshop on improvements to timber joist
floors. He noted the poor performance of untreated floors
and the recommended methods of improvement. The
need to deal with flanking transmission was illustrated,
with on-site practical defails and the problem with ser-
vices within glsoors was highlighted. Peter gave the results
of actual remedial treatments in several different projects
with timber floors. In particular, he illustrated how air-
borne sound insulation had been improved from around
43 dB D1, to 55 dB D,r,, and impact sound trans-
mission reduced from 65 dB L',y to 49 dB L'r., using an
independent ceiling. He then completed his talk with illus-
trations of the on-site situations which he had resolved in
a prestige flat using a novel isolated ceiling. The need to
accommodate site constraints were shown vividly. His
practical work had led to an improvement in impact
sound insulation from around 51 to 42 L', for this iso-
lated ceiling.

David O'Neill from the same company then presented
a case history of an investigation on the sound insulation
of a new estate. Having found airborne sound insulation
to be around 45 dB, he reviewed existing literature to
define a thin Hoor treatment and a special ceiling treat-
ment for the beam and block-floored estate. He high-
lighted the problem of flanking sound transmission and
his use of special linings to reduce such transmission. He
concluded by showing the final results which indicated a
5-6 D,,, improvement, and sufficient sound insulation

obtained.

Before: After:

d8Dy.  dBDy.
Upwards 48 53
Downwards 46 52

David Watts of Acoustical Investigation & Research
Organisation Ltid spoke on the laboratory testing of
facade elements, illustrating the difficulties of testing when
the original contract specification was inadequately
drafted. He highlighted the need to specify accurately the
performance actually required, and in the way a test
should be carried out.

After lunch, the delegates were separated into three
groups, and asked to consider and reach views on spe-
cific sound insulation matters. The groups were generally
organised to consist of environmental health officers from
London, environmental health officers from other author-
ities (this included Pembroke, N E Lincolnshire, Bourne-
mouth, Birmingham) and acoustic consultants.

After an hour or so of individual group discussion, tea
was taken and then the meeting reconvened to hear from
the rapporteurs of the groups. In general, it was perhaps
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surprising that the groups reached generally similar con-
clusions.

The first series of topics related to how much sound
insulation is needed. In general, it was the view that the
airbome and impact standard for new building construc-
tions was appropriate for most situations, although it was
opined that when residential accommodation was situ-
ated against leisure premises a higher standard would
probably be necessary. It was felt that there should be
one numerical standard for conversions and new build
properties, and no different standards dependent on the
number of tests.

The proposal made in the morning for an impact test
for separating walls was not supported, however a need
was seen for design guidance on how to avoid noise
intrusion arising from switches, doors, staircases efc.

The methods of testing were generally found accept-
able. Concern was expressed over whether the frequency
range should be extended to lower frequencies, and also
whether a deviation of greater than 8 dB from the refer-
ence curve in BS 5821 should be taken into account.

The use of the impact testing machine on resilient

Conference and Meeting Reports
e R AR A T

materials was held liable to produce confusing results,
and so it was suggested some advice should be available
on when use of the tapping machine was inappropriate.

There was a view expressed that constructions
detailed in Approved Document E appeared not to reli-
ably produce sufficient sound insulation. Concern was
specifically raised over the adequacy of the performance
of party walls made of solid blockwork with dry lining,
and also of floors consisting of beam and block construc-
tion without a levelling screed. Similar unease was voiced
over timber joist floors with a floating floor with resilient
materials placed upon the joists.

The reasons why less sound insulation is achieved
than required was discussed, and matters to be
addressed were highlighted, specifically:

* Better training for site personnel and building con-
trol officers.

¢ Use of post construction festing.

¢ Guidance on the completed design of separating
walls/floors, not separate documents on fire, thermal

and acoustic design.
Jeff Charles FIOA

The Management of Sound from Public Houses,
Clubs and Other Indoor Venues

Church House, London, 20 May 1997

This one-day meeting at the Church House Conference
Centre was organised by the London Branch and was
fully subscribed with 120 delegates. It was opened by an
initial address from the Chairman, Jim Griffiths, who out-
lined the aspects that he hoped would be debated
throughout the day, such as suitable criteria and practical
engineering solutions.

John Hinton of Birmingham City Council, who is the
Chairman of the IOA Working Party preparing a Code of
Practice on the control of noise from public iouses and
clubs, introduced the technical debate. John defined all
the potential noise sources that, from experience, have
been problematical (music, people arriving or leaving,
people at the venue, deliveries, plant and guard dogs).
Furthermore the scale of the problem was shown by the
growth in the number of complaints related to music
which was stated to have grown by over 15% in the past
year in the Birmingham area. John outlined tentative
noise values for the various entertainment noise sources,
which were being considered in the code. A general
debate followed with some views being expressed that
the code should not be too prescriptive. It was also felt
that disposal activities should be included as a potential
noise source.

The next paper was presented by Tony White of Liver-
pool City Council who outlined the policies of the Council
to encourage the repopulation of the city centre and its
effect on noise issues, in particular with respect to bring-
ing residents close to entertainment venues. Schemes of
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sound insulation were being considered along with inter-
nal design criteria of NR30, requests for acoustic reports
and an inaudibility criterion at the boundary of the venue
premises.

Nigel Cogger from Arup Acoustics reviewed various
commonly adopted criteria and, by the use of two suc-
cessful case studies for new venues, advocated the need
for a flexible approach so that suitable guidelines can be
adopted for each particular case.

The next paper, by David Leversedge of Symonds
Travers Morgan, outlined noise criteria and noise control
strategies adopted at all-night parties held at indoor
venues. Various case studies were discussed and a prac-
tical guideline for these types of events was proposed.

Remedial measures for reducing the noise impact from
existing small venues was highlighted by Andrew Bul-
more of Hoare lea Acoustics. In situ measurement pro-
cedures were outlined to identify the problem areas,
along with practical control solutions which have been
shown to work.

For a balanced debate, the view of the operator was
expressed by Paul Ludford of Kitchenware Productions.
Paul has had many years experience at producing and
promoting many forms of musical events which he out-
lined in graphic detail. One of his main concerns was the
inconsistent approach between local authorities and even
by different officers within the same authority. Paul,
although welcoming Codes, advocated a degree of flex-

ibility.
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Nigel Cogger from
Arup Acoustics review
various commonly adopted
criteria and, by the use of
two successful case studies
for new venues, advocated
the need for o flexible
approach so that suitable
?uidelines can be adopted
or each particular case.

The next paper, by
David  Lleversedge of
Symonds Travers Morgan,
outlined noise criteria and
noise control strategies
adopted at all-night par-
ties held at indoor venues.
Various case studies were
discussed and a practical
guideline for these types of
events was proposed.

Remedial measures for
reducing the noise impact
from existing small venues
was  highlighted by

Andrew Bulmore of Hoare

Lea Acoustics. In situ meas- The President presents the Institute Prize for the best performance in the 1996 Diploma exam-

urement procedures were inations to Clare Wildfire, a Distance Learning student at the 1997 AGM at Church House.

outlined to identify the e R ==

problem areas, along with practical control solutions Paul has had many years experience at producing and

which have been shown to work. promoting many forms of musical events which he out-
For a balanced debate, the view of the operator was | lined in graphic detail. One of his main concerns was the

expressed by Paul Ludford of Kitchenware Productions. mconsastenrcpprooch between local authorities and even

e — by different officers within

: the same authority. Paul,
although welcoming Codes,
advocated a degree of
Hexibility.

A lengthy debate fol-
lowed the technical pres-
entations which  mainly
focused on the most appro-
priate guidelines for the
control of music from these
venues — the use of NR
Curves, allowing marginal
(3 dB to 5 dB) increases of
the background noise lev-
els at low frequencies and
inaudibility - were fav-
oured by various del-
egates. In summary, the
meeting provided a useful
forum for delegates to
exchange views which will
assist in the formulation of
a new Code of Practice for
the future.

Members and guests at the 1997 Annual Dmner on fhe River Thomes which Followed the ) e, i
meeting and AGM at Church House. Jim Griffiths
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BSI News

New and Revised British Standards

BS 5228: Noise and vibration conirol on construction
and open sites.

BS 5228: Part 1: 1997 Code of practice for bosic infor-
mation and procedures for noise and vibration control.
Gives recommendations for basic methods of noise and
vibration control relating to construction and open sites
generating significant noise and/or vibration levels. The
legislative background to noise and vibration control is
described and recommendations are given regarding
procedures for the establishment of effective liaison
between developers, site operators and local authorities.
Provides guidance concerning methods of predicting and
measuring noise ond assessing its impact on those
exposed fo it. Supersedes BS 5228: Part 1: 1984.

BS 5228: Part 2: 1997 Guide fo noise and vibration con-
trol legislation for construction and demolition including
road construction and maintenance. Supplements BS
5228: Part 1: 1997 with information relevant to construc-
tion and demolition work. Supersedes BS 5228: Part 2:
1984,

BS 5228: Part 3: 1997 Code of practice opplicable to
surfoce coal extraction by opencast methods. Supple-
ments BS 5228: Part 1:1997 with informafion enabling
extraction fo toke ploce with the minimum of noise and
vibration disturbance to the community. Supersedes BS
5228: Part 3: 1984.

BS 6259: 1997 Code of practice for the design, plan-
ning, installation, testing and maintenance of sound sys-
tems. Gives recommendations for sound systems intended
for communicating speech, music and other signals pri-
marily for monaural systems. Simultaneous interprefation
systems, some aspects for recording studios, broadcasting
studios and home entertainment systems are not covered
by this standard. This code of practice has been devel-
oped in an expanded form at the express wish of indus-
try, as the original code of practice was mainly applicable
to small installations. Supersedes BS 6259:1982.

BS 7887: 1997 Ulirasonics — Real time pulse-echo sys-
tems — Guide for test procedures to determine per-
formance specifications. Describes methods of measuring
the performance of real-time medical ultrasonic imaging
equipment in the frequency range 0.5 MHz to 15 MHz
including mechanical sector scanner; electronic phosed
array sector scanner; electronic linear array scanner;
electronic curved array scanner; water-bath scanner
bosed on any of the cgove four scanning mechanisms.
No current standard is superseded.

Publications

—

Amendments to British Standards

(replacement pages)

BS 848: Fans for general purposes

BS 848: Part 2: 1985 Methods of noise testing. Amend-
ment No: 1 AMD 9374,

BS 2497: 1992 Specification for standard reference zero
for the calibration of pure tone air conduction audiom-
eters. Amendment No: 1 AMD 9442, Note: This amend-
ment implements EN ISO 389: 1995 as a Brifish Stan-
dard and renumbers BS 2497: 1992 as BS EN ISO 389:
1997.

BS 6840: Sound system equipment

BS 6840: Port 5: 1995 Methods for specifying and
measuring the characteristics of loudspeakers [IEC 268-
5. 1996] Amendment No: 1 AMD 9409. Note: This
amendment implements EN 60268-5: 1996 as a British
Standard and renumbers BS 6840: Part 5: 1995 as 8BS
EN 60268-5: 1997.

BS ISO 389: Acoustics — Reference zero for the calibra-
tion of audiometric equipment.

BS 1SO 389-2: 1994 Reference equivalent threshold
sound pressure levels for pure tones and insert ear-
phones. Amendment No: 1 AMD 9427. Note: This
omendment implements EN ISO 389-2: 1996 as a Brit-
ish Standard and renumbers BS 1SO 389-2: 1994 as BS
EN ISO 389-2: 1997.

BS ISO 3743: Acoustics — Determination of sound power
levels of noise sources using sound pressure - Engi-
neering methods for small, movable sources in reverber-
ant fields.

BS ISO 3743-2: 1994 Methods for special reverberant
fest rooms. Amendment No: 1 AMD 9426. Note: This
amendment implements EN 1SO 3743-2: 1996 as a Brit-
ish Standard and renumbers 8S ISO 3743-2: 1994 as
BS EN ISO 3743-2: 1997,

BS EN Publications

The following are British Standard implementations of the
English language versions of European Standards (ENs).
BSI has an obligation to publish all ENs and to withdraw
any conflicting British Standards (BSs} or parts of BSs.
This has led 1o a series of standards (BS ENs) using the
EN number.

BS EN ISO 8662: Hand held portable power tools —
Measurement of vibrations at the handle.

BS EN ISO 8662-9: 1997 Rammers. Specifies a labor-
atory method of measuring the vibrations at the handles
of rammers, backfill rammers, pawing rammers and
sand rammers for use in foundries, on building sites efc.
No current standard is superseded.
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BS EN I1SO 8662-14: 1997 Stone working tools and nee-
dle scalers. Specifies a laboratory method. No current
standard is superseded.

BS EN I1SO 10819: 1997 Mechanical vibration and
shock — Hand-arm vibration — Method for the measure-
ment and evaluation of the vibration transmissibility of
gloves at the palm of the hand. No current standerd is
superseded.

BS EN ISO 11690: Acoustics — Recommended praclice
for the design of low-noise workplaces containing
machinery.

BS EN 150 11690-1: 1997 Noise control strotegies. No
current standord is superseded.

8S EN I1SO 11690-2: 1997 Noise control measures. No
current standard is superseded.

BS EN ISO 11691: 1997 Acoustics — Measurement of
insertion loss of ducted silencers without flow — Labor-
atory survey method. No current standard is superseded.
BS EN I1SO 9614: Acouslics — Determination of sound
power levels of noise sources using sound intensity.

BS EN ISO 9614-2: 1997 Measurement by scanning.
No current standord is superseded.

BS EN 50147: Anechoic chombers.

BS EN 50147-2: 1997 Aliernative test site suitability with
respect to site altenuation. Specifies requirements for site
attenuotion which demonstrate the suitability of an
enclosed test site when compared with an open area fest
site. No current standard is superseded.

BS EN 1032: 1997 Mechanical vibration - Testing of
mobile machinery in order to determine the whole-body
vibralion emission value — General. Specifies the evalua-
tion of vibration emission at operator's place during test-
ing and operation of mobile machinery. Intended to be
used for defining magnitudes of whole-body vibration
transmitted from supporting surfaces to the human body
in the frequency range 1 Hz to 80 Hz. Applies to sitting
and standing positions; to all mobile machinery pro-
ducing periodic or random vibration with or without tran-
sients. Only rectilinear vibrations are dealt with in this
standord. No current standard is superseded.

BS EN 61689: 1997 Ulirasonics - Physiotherapy systems
- Performonce requirements and methods of measure-
ment in the frequency range 0.5 MHz to 5 MHz. Spec-
ifies characteristics, requirements, methods of measure-
ment, performance and acceptance criteria  for
equipment employing a single plane circular transducer
generating continuous wave ultrasonic energy per treat-
ment head. Therapeutic value and methods of use are not
included. No current standard is superseded.

DD ENV Publications

The following is o British Standord implementation of the
English language version of a Europeon prestandard
{ENV). ENVs are issued as Drakts for Development (DDs).
DDs series of publications are of a provisional noture
because it is considered that further experience is required
in application before conversion to a British Standard.

DD ENV 12102: 1997 Air conditioners, heot pumps and
dehumidifiers with elecirically driven compressors —
Measurement of airbome noise — Defermination of the
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sound power level. Three methods are specified; the fre-
quency range used is 125 Hz to 4000 Hz. No current
standard is superseded.

Draft British Standards for Public Com-

ment {for information only)

97/560655 DC 15O 10846-3: Acoustics — Laboratory
measurement of vibro-acoustic transfer properties of resit-
ient elements ~ Part 3: Dynamic stiffness of elastic sup-
ports for translatory motion — Indirect method {ISO/DIS
10846~-3) {prEN 1SO 10846-3).

97/704450 DC EN 12736: Specification for electrically
propelled road vehicles — Airbome acoustical noise of
vehicle during charging with on-board chargers — Deter-

“mination of sound power level (prEN 12736).

97/102384 DC BS 6262: Code of practice for glazing
for buildings — Part 2: Heat, light and sound (Partial revi-
sion of BS 6262: 1982).

97/705385 DC Amendment 1 to EN 1032: 1996
Mechanical vibration - Testing of mobile machinery in
order to determine the whole-body vibrafion emission
value — General (Possible amendment to BS EN 1032:
1997 (EN 1032: 1996/prAl)).

EN ISOs and ISPs

The following International standards have been adopted
as ENs. These documents have been approved by CEN/
CENELEC

EN ISO 3822: Acouslics ~ Laboratory tests on noise emis-
sion from applionces and equipment used in water supply
installations.

EN 1SO 11654: 1997 Acoustics — Sound absorbers for
use in buildings ~ Rating of sound absorption.

EN ISO 11821: 1997 Acoustics — Measurement of the in-
situ sound altenuation of a removable screen,

ISO Standards

ISO 266: 1997 (Edition 2) Acoustics — Preferred fre-
quencies. Will be implemented as BS EN ISO 266 when
ratified by CEN.

ISO 11200: Acoustics — Noise emitted by machinery and
equipment — Guidelines for the use of basic standards for
the determination of emission sound pressure levels at a
work station and ot other specified positions. Technical
Corrigendum 1; 1997 to ISO 11200: 1995. Will be
implemented as on omendment to BS EN iSO 11200
1996 (subject to CEN ratification). S
1ISO 11201: Acoustics — Noise emitted by machinery and
equipment — Measurement of emission sound pressure
levels ot o work station and at other specified positions —
Engineering method in an essenticlly free field over a
reflecting plene. Technical Corrigendum 1: 1997 to ISO
11201: 1995, Will be implemented as an amendment to
BS EN I1SO 11201: 1996 subject to CEN ratification.

ISO 11204: Acoustics - Noise emitted by machinery and
equipment ~ Measurement of emission sound pressure
levels at a work station and ot other specified positions —
Method requiring environmental corrections. Technical
Corrigendum 1: 1997 to 1SO 11204:1995. Will be
implemented as an amendment to BS EN 1SO 11204:
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1996 subject to CEN ratification.

ISO/TR 11690-3: 1997 Acoustics - Recommended prac-
tice for the design of low-noise workplaces containing
machinery - Part 3: Sound propagation and noise pre-
diction in workrooms. Will be implemented dual-
numbered as o Published Document (PD).

ISO 11654: 1997 Acoustics — Sound absorbers for use
in buildings — Rating of sound absorption. Will be imple-
mented as BS EN 1SO 11654 when ratified by CEN.

1ISO 11821: 1997 Acoustics — Measurement of the in-situ
sound oftenuation of a removable screen. Will be imple-
mented as BS EN SO 11821,

1SO 3822: Acoustics — Laboratory tests on noise emission
from oppliances and equipment used in water supply
installations.

ISO 3822-3: 1997 {Edition 2) Mounting and operating
conditions for in-line volves ond appliances. Will be
implemented as BS EN ISO 3822-3 to supersede BS
6864: Part 3: 1987.

1SO 3822-4: 1997 (Edition 2} Mounting and operating
conditions for special appliances. Will be implemented as
BS EN ISO 38224 to supersede BS 6864: part 4: 1987
ISO 5347: Methods for the calibration of vibration and
shock pickups. ISO 5347-20: 1997 Primary vibration
calibration by the reciprocity method. Will be imple-
mented dual-numbered as BS 6955: Part 20.

ISO 5347-22: 1997 Accelerometer resonance testing —
General methods. Will be implemented dual-numbered
as BS 6955: Part 22,

European New Work Started

EN 12736: Elecrically propelled road vehicles - Air-
borne acoustical noise of vehicle during charging with
on-board chargers — Determination of sound power level.

International New Work Started

IEC 268: Sound system equipment: Part 5: Loudspeakers;
will revise IEC 268 {IEC/SC 100C through EPL/100/3)
Part 7: Headphones and earphones; Will amend Sub-
clauses 3.2.2.2, 3.6.1.1, 3.6.1.2 {IEC/SC 100C through
EPL/100/3: New Part: Loudspeaker components. (IEC/
SC 100C through EPL/100/2).

CEN European Standards

The document listed below is now available as an
advance warning copy of the BS EN implementation.

EN 1299: 1997 Mechanical vibration and shock - Vibra-
tion isolation of machines — Information for the applica-
tion of source isolation.

This information, provided by John W Tyler FIOA, was
announced in the March to May 1997 issues of BSI News.

Publications

Book Reviews

Encyclopedia of Acoustics ed Malcolm J. Crocker

John Wiley & Sons 4 Volumes, 2000pp

ISBN: 0471-80465-7

Price £295 (until 30 June 1997)

The Encyclopedia of Acoustics, in four volumes and 2000
nearly A4 size pages, brings together many of today's
most eminent writers in acoustics. In the foreword Sir
James Lighthill invites comparison in significance between
the Encyclopedia and 'The Theory of Sound' by Lord Ray-
leigh. Classical acoustics and more recent developments
have here been brought together, in what is perhaps
more of an edectic selection of articles than an integrated
encyclopedia.

The encyclopedia is divided into 18 parts, each part
comprising between 3 and 20 chapters and totalling 166
chapters in dll. Some of the subjects are not normally
found without access to specialist monographs or the
original journal literature, for example 'Propagation in
Marine Sediments', or "Wave Medes in Liquid Helium'.

Volume 1, part 1 deals with general linear acoustics,
and covers classical acoustics such as ray acousfics,
lumped elements and standing waves. It has on intro-
ductory chapter by the Editor-in-chief, Malcolm Crocker,
decling at an intermediate level with wave motion, deci-
bels and other basics. Chapter 2 by Allan Pierce is on the
mathematical theory of wave propagation and is pitched
at @ more advanced level. The first part also includes o
piece by Frank Fahy on structural acoustics.

The ten chapters of Part 2 deal with non-linear acous-
fics and cavitation, ending with a paper on sonochemistry
and sonoluminescence containing some well reproduced
photographs. Part 3 on aercacoustics and atmospheric
sound has an introductory chapter by Lighthill, and there
is an article by Ffowes Williams entitled 'Interaction of
Fluid Motion and Sound'.

Part 4 is the longest section in the encyclopedia, and
treats underwoter sound in 20 chapters. Amongst the
themes discussed are oceanography and fisheries acous-
tics, underwater noise sources, ship & platform and pro-
peller noise.

The second volume of the encyclopedia opens with
part 5 on ultrasonics, quantum acoustics and physical
effects of sound. The chapter by Papadokis on non-
destructive festing is perhaps of more general interest
than some of the specialized contributions in this section.

The Introduction to Part 6 on mechanical vibration
and shock is by the sodly missed Manfred Heckl, who
also authored the chapter entitled 'Vibrations of 1- and
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2- Dimensional Continuous Systems'. Part 6 also includes
chapters on active vibration control and machinery condi-
lion monitoring.

Part 8 covers noise conirol, including a technical
paper by Nelson and Ellio# on active noise control. The
11 chaoplers encompass areas including surface trans-
portation, airports, hearing protection devices and
machinery noise. Coverage is perhaps a little incomplete
for an encyclopedia of this nature, with some unaccount-
able omissions.

Unfortunately Part 9 on architectural acoustics has vir-
tually nothing on concert hall ocoustics, although the sec-
tion does incorporate a chapter by KuttruH on sound in
enclosures.

Part 11 on physiological acoustics includes contribu-
tions by S Greenberg on ouditory function and E Shaw
on acoustical characteristics of the outer ear, and chap-
ters on cochlear mechanics, electrophysiology and bio-
chemistry of the auditory system, but no chapter on coch-
lear implants — nor is there any specific index reference to
this topic.

Port 12 covers psychological acoustics, including o
chapter by Brian Moore on frequency analysis and pitch
perception. The chapter by Dixon Ward on the effects of
high intensity sound, and that by Lorry Humes on clinical
audiology, might have been better placed in o section on
medical aspects of acoustics.

Volume 4 starts with 6 chapters on speech com-
munication, analysis and recognition. These are followed
by a section on musical acoustics, with an intreduction by
Thomas Rossing. The different families of instruments are
each covered in their own brief chapters - string, brass,
woodwind, pipe and reed etc. The human voice also has
a chapter of its own,

Parts 15 and 16 deal with biocacoustics and animal
bicacoustics respectively. The articles range in scope from
medical diagnosis to bats and echolocation to insect bio-
acoustics.

Acoustical measurements and instrumentation is dealt
with in the short section 17, with inclusion of chapters on
sound level meters and on sound intensity. Part 18, on
transducers, includes an interesting piece on loudspeakers,
ond a straighforward introduction to digital audio. The
encyclopedia ends with chapter 166 about hearing aids.

It is unclear to what readership the encyclopedia is
addressed. The treatment of topics ranges from math-
ematical to discursive, but the lay person and the practi-
tioner are generally not well catered for. There are cer-
tain obvious omissions, such as dato tables of acoustic
properties, a freatment of sound barriers and general
biographical and historical background.

It is regrettable that more core was not token to pro-
duce a comprehensive index which is always important in
an encyclopedia. Many items which are in the work will
be found only with great difficulty.

There are diagrams throughout, but only o few black
and white photographs have been included. Although
nearly all the chapters end with a good set of pertinent
references, a number of shortcomings let the ency-
clopedia down as an acoustics reference book. This said,
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few in academic circles would wish to be without access
to a copy. At the introductory price it represents moderate
value.

Andrew Silverman MIOA

Speechreading by Humans and Machines, Models, Sys-
tems and Applications

D G Stork and M E Hennecke

Springer-Verlag 1996, 690 pages

Price: £116

In recent years the Chateaux de Bonas has become
widely known as one of the more delighthul and inspiring
places in which to hold advanced NATO workshops.
Accordingly it seems fitting that this book gathers
together not just the technical papers, but some of the
ambiance and intellectual debate which took place dur-
ing a two week workshop devoted to 'Speechreading by
Man and Machine'.

A first scan through the 500 pages of diverse papers,
80 pages of bibliography, 40 pages of ‘verbatim dis-
cussion' and 25 pages of patents hinted that this might be
something of a 'challenging' read. However this proved
not o be the case, for although it does not quite fall into
the category of a 'good bedfime read’, the collected
popers hove a coherent style and sequence which mokes
for easy reading. As is only to be expected in a book
about speechreading it is well, although not lavishly, illus-
trated with pictures, graphs and diagrams.

The most striking J;urure is the breadth of bosic
research covered in the two major sections. The first is
concemed with speechreading by humans and covers
issues as diverse as the philosophy of speech and lan-
guage, analysis of the speechreading skills of children
and results from psycholinguistic and neuromagnetic
response experiments. The second is concerned with
speechreading by machines and ranges from 'talking
head' technology through to recent advances in pro-
cessing integrating visual and spoken signals.

Although, in the main, biosed towards academic
research — unsurprising as only a small number of those
taking part were from industrial orgonisations — several
of the papers addressed the applications dimension with
particular reference to medical, entertainment and teleph-
ony based sectors.

The broad range of contributors means that this book
is likely to be of value mainly to those who want to get an
appreciation of the stote of the art ond will be mainly of
interest to graduate courses in psycho-linguistics, speech
and vision. Industrial users ore more likely to focus on a
subset of the book to obtain up-to-date in?;rmation about
the performance and value of deploying technologies.

Forty pages of the book are verbatim reports of the
panel/discussion sessions. While these certainly help
capture the flavour of the discussions they also illustrate
the difference between written fext ond spontaneous
speech. Accordingly | found this section of less value then
the rest of the book. But perhaps that-was the point - how
much easier it would have been if | could have seen the
participants talking!

D Johnston <
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Research in Progress

University of Bradford
Department of Civil and Environmental Engineering

| rrer:
{with Dept of Mathematics and Statistics, Brunel University)
Mothematicol models are being developed for the prediction
of noise barriers of complex form and in complex environ-
ments, and the performances of existing and new designs of
barrier are being investigated.
Duration of project: 1996 - 1999
Supervisors: Dr D C Hothersall, Dr § N Chandler-Wilde, Dr K
V Horoshenkov
Researcher: P A Morgan
Funding: £115,000 EPSRC research grant

roelastic materials for noi t
{with Dept of Engineering Design & Manufacture, University of
Hull)
This project will further develop mathemofical models for the
acoustic and mechanical propertfies of porous elastic media
and investigate the applications of new materials in outdoor
noise cbatement schemes.
Duration of project: 1997 - 2000
Supervisors: Dr D C Hothersall, Dr K V Horoshenko, Professor
A Cummings
Researcher: to be oppointed
Collaborator: Sound Absorption Lid
Funding: £129,000 EPSRC research grant

Liverpool Universi
School of Architecture and Building Engineering

The aim of this project is to develop o simple and reliable
method for the prediction of open site industrial noise for use
ot the planning stoge of a project.

Supervisors: Dr B M Gibbs, J Lewis, Professor D ) Oldham
Researcher: F Carpenter

Funding: £127,000 EPSRC research grant

To investigate circulation pumps as structure-borne noise
sources and leod o a characterisation and rating method of
pumps.

Supervisor: Dr B M Gibbs

Researcher: Q Ning

Funding; £148,000 EPSRC research grant

M t ot str -borne emission iproci

To identify major mechanisms in the transmission of vibro-
tional energy between machines and supporting structures.
Supervisors Dr B M Gibbs

Reseorcher: K Yop

Funding: PhD studentship
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(in collaboration with Shantou University, China)

This project has resulted in the development of three prototype
achuators at Liverpool and three ot Shantou.

Supervisors: Dr B M Gibbs, Dr Q Shuye

Funding: £23,000 from British Council

(in collcboration with Santa Catarina University, Brazil)

This involves the use of impulse response analysis and inten-
simetry for the in situ measurement of acoustic louvres.
Supervisors: Dr B M Gibbs, Professor S Gerges

Researcher: E Viveiros

g vibrafi <o i buildi
This project involves an investigation of the relationship
between field measurement of environmental vibration level
and the resultant vibrafion and noise in nearby buildings.
Supervisors: Dr B M Gibb

Researcher: A White

Funding: PhD studentship from Liverpool City Council

of air flow generated noise in ventilation systems
This will use recent developments in computing technology
and CFD to predict noise levels from calcuvlated turbulence
kinetic energy at the face of o flow spoiler, and will examine
effect on noise level of two flow spoilers in close proximity.
Supervisors: Professor D J Cldham, Dr M Johnson

Researchers: Dr D Waddington and M de Salis

Funding: £157,000 research grant from EPSRC

This project investigates the use of a microphone, amplifier
and loudspeaker fo solve the problem of poor speech intel-
ligibility in open stage auditoria.

Supervisor: Professor D J Oldham

Researcher: L El Zeky

Expert systers for environmental noise control
This project involves the creation of a knowledge based system

for the solution of complex environmental noise problems for
use by relatively inexperienced designers.

Supervisor: Professor D J Oldham

Researcher: H Ibrchim

Open University

Engineering Mechanics Discipline, Faculty of Technology
Acoustical monitoring of parficulate poliution

Acoustical methods for determining mass concentration and
particle size in airborne suspensions of sold particles have
been studied, and were found to be inadequate at low con-
centrations but are currently being investigated for use at
higher concentrations.

Duration of project: 1993 -

Supervisors: Professor K Attenborough, Dr R Barratt
Researcher: S Moss

Funding: £41,000 EPSRC research grant plus EPSRC PhD shy-
denlship
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Research Report

v
Previous work on outdoor sound propagotion near fo the
ground will be extended 1o allow for source motion, directivity
and range-dependent conditions.
Duration of project: 1997 ~ 2000
Supervisors: Dr K Li, Professor K Attenborough
Researcher: Dr S Toherzadeh
Funding: £109,000 EPSRC research grant

Methﬁs of exploiting ground effects for outdoor noise conirol

through culfivation and landscaping, including effects of tall
vegetation, are being investigated.

Duration of project: 1995 - 1998

Supervisors: Professor K Attenborough, Dr K Li

Researchers: Dr P Boulanger, T Waters-Fuller

Collaborator: Silsoe Research Institute

Funding: £177,000 BBSRC research gront

Refracti ! surd | directivity of
An acoustic analogy is being used 1o study the sound field
above curved surfaces from monopole and dipole surfaces.
Duration of project: 1994 - 1997

 Supervisors: Dr K M Li, Professor K Attenborough

Researcher: Q Wong

Funding: OU Competetive Studentship

} i remen

Measurements o, short range propogation and acousfically-

e
induced seismic signals uregbelng vsed to determine physical
properties of soil.

Duration of project. 1995 - 1998

Supervisor: Progessor K Attenborough

Researcher: N Harrop

Funding: EPSRC PhD studentship

(with University of Greenwich)

Acoustical methods for deducing mass concentration particle
shape and size in high concentration pneumatically-conveyed
solid particle Rows in air will be investigated ond the basis for
an industrially exploitable system devised.

Duration of project: 1997 - 2000

Supervisors: Professor K Attenborough, Dr § Woodhead
Researcher: o be appointed

Funding: £78,000 EPSRC research grant

Models f [ o I )
ond emulsions

Duration of project: 1997 - 1999
Supervisors: Professor K Attenborough, Dr K Li
Researchers: Dr J Evans

Funding: £50,000 EPSRC research gront

Duration of project: 1997 - 1999
Supervisors: Dr K Li, Professor K Attenborough

Researcher: to be appointed
Funding: £20,000 ESDU Infernational ple
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Duration of project. 1997 — 2000
Supervisors: Dr K Li, Professor K Attenborough
Researchers: to be appointed

Funding: £12,000 OU Development Fund

University of Salford

Department of Acoustics and Audio Engineering
1 ii
The project will define, volidate and develop a measurement
method for a new diffusion coefficient and produce new meth-
ods for predicting scaltering from surfaces.
Duration of project 1996 - 1999
Supervisors: Dr T ) Cox, Dr Y W Lam
Researcher: T J Hargreave
Collaborator: RPG Diffuser Systems Inc
Funding: £190,000 EPSRC research gront

Techniques for enhandi flow - ) absoro-
tion mechanism

To investigate sound absorbers which exploit o newly dis-
covered energy flow mechanism to promote absorption.
Duration of project: 1997 - 2000

Supervisors: Dr T J Cox, Dr Y W Lam

Researcher: to be appointed

Funding: £100,000 EPSRC research grant

South Bank University
School of Engineeering Systems and.Design

internat and external sound fields

Further computer modelling for the simultaneous prediction of
the sound fields inside and outside o bwilding; to develop a
database of absorption coefficients for use in prediction.
Duration of project: 1996 — 1999

Supervisor: Dr B M Shield

Researcher: Dr S Dance

Collaborators: ISVR Consultancy Services, Southern Water, HSE
Funding: £126,000 EPSRC research grant

v
Laboratory studies of subjecfive response to noise, particularly
noise with ¢ high low frequency component, have been cor-
ried out and the effects ot factors such as age and hearing
acuity on response have been investigated.

Duration of project: 1994 - 1997

Supervisors: Dr B M Shield, Dr K Khimykh

Researcher: R Adoms

Funding: South Bank University Research Scholarship

intelligibilty in underground station
A computer model for the prediction of speech infelligibility in
underground stations has been developed and validated using
data from scale models and real stations.
Duration of project: 1994 - 1997
Supervisors: Dr B M Shield, Dr K Khirnykh
Researcher: L Yang
Funding: South Bank University Research Scholarship

ltems should be sent to Dr Bridget Shield MIOA, South
Bank Unversity, School of Engineering Systems and
Design, 103 Borough Road, London SE1 0AA o
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New Products

CEL INSTRUMENTS LTD
New 'Pocket Sized' Sound Level
Meter

CEL Instruments have introduced a
new integrating sound level meter
which is small enough to slip inside
most pockets. The CEL-424, a type
2 meter complying with IEC and BS

standards, uses the latest mini-

aturisation technologies to produce
a new shape in sound level meter
industrial  noise

design  for
measurements.

The familiar conical shape is
replaced by a compact, cigarette
pack sized instrument that still fulfils

all of the requirements of world-
wide sound level meter standards.

The CEL-424 provides simultane-
ous measurement of S and
Lpx @s well as selectable A or C
weightings and Fast, Slow and

Impulse time weightings.

Fiting snugly in the hand, the
CEL-424 has an icon based keypad
and these icons are replicated on

the screen for ease of operation.

The instrument can also be used
as a logging noise dosimeter by
replacing the stem microphone with
a dosimeter microphone. This is an
easy operation and converts the
meter into a full specification Per-

sonal Noise Dosimeter.

or measurement situation - an
essential feature, especially when
making measurements in the field.
An extensive array of built-in filters
make it easy to focus on the signal
of interest.

NEXUS can handle a variety of
acoustic and vibration transducers.
The NEXUS range can interface with
five main types of transducers,
microphones, o sound intensity
probe, charge accelerometers,
accelerometers with integral elec-
tronics and force transducers. The
conditioning channels can be mixed
and put in the same NEXUS 4 chan-
nel unit. This means a model can be
tailored to a customer's specific
requirements, eg a triaxial accel-
erometer plus a microphone and
preamplifier.

For further details contact Charles
Greene, Briel & Kjaer, Harrow
Weald Lodge, 92 Uxbridge Road,
Harrow, Middlesex HA3 6BZ Tel:
0181 954 2366 Fax: 0181 954
9504.

Briel & Kjeer is a Key Sponsor of
the Institute.

BRAUNSTEIN + BERNDT
GMBH
EnviroPLAN module for SoundPLAN
The definition of environmental risk
includes the combination of an area's
sensitivity and the affects of pollution
or other environmental impacts on the
area. Designed specifically with this in
mind, EnviroPLAN is the ideal new

of environmental analysis, ecology
and landscape planning. Even com-
plex environmental impact studies are
said to be easy to handle with this
new SoundPLAN module. EnviroPLAN
allows the user to freely define area
sensitivities and fo select the environ-
mental impact on an area. The user
can define his own rules to convert
these impacts and sensitivities into
assessments. Assessments can be
combined and rank ordered to form
an overall evaluation of the quality
of the planned variations.

Elements used for evaluation are
points, lines and areas. Attributes
and values are assigned to these
elements. For example, the suit-
ability for retimbering an area may
be assigned attribute 1 for very
good, 2 for good, 3 for not so good
and so on. The number of inhab-
itants per square mile can be
assigned a specific value. New val-
ves and aftributes can be calculated
and/or analyzed using formulas or
a linear matrix. Buffer zones around
sensitive elements can be defined
and evaluated in the assessment.
These buffer zones include such
items as the radius around a breed-
ing ground (point), the corridor
around a deer path (line), or a buf-
fer zone around a biotope (area).

Different algorithms can -be
assigned different areas allowing
for existing values and attributes.
Area results are displayed ot the
push of a function key. Results of an

For further details please contact
CEL Instruments Ltd, 35-37 Bury tool for engineers working in the field EnviroPLAN assessment can be pre-
Mead Road, Hitchin, Herts SG5 1RT . , s

Tel: 01462 422411 Fox: 01462
422511 Email: soles@cel.ltd.uk

CEL Instruments is a Key Sponsor
of the Institute.

BRUEL & KJAR

Briel & Kjeer have introduced
NEXUS, a new range of four chan-
nel condition amplifiers, which
caters for a wide range of uses in
sound and vibration measurement.
NEXUS offers a dynamic range
of up to 120 dB, advanced over-
load defection facilities and trans-
ducer tests. This provides the flex-
ibility to  make  different
measurements whatever the signal
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sented in numerical or map form.
The layout of these thematic maps
are user developed. 40 symbols are
available in the symbol library and
a symbol generator is available for
the user to create up to 250 of his
own oplions.

All graphic capabilities included
in SoundPLAN and cartography can
be used jointly when creating maps.
The graphics are readily under-
stood, aesthetically pleasing and
easy to reproduce on standord print-
ing equipment.

EnviroPLAN has a distinct advan-

tage for SoundPLAN users in that the
user does not have to change pro-
grams to include environmental
information to an existing map.
Users can learn the structures and
algorithms  of EnviroPLAN  more
quickly and efficiently than for com-
mon geographic information systems
(GIS), plus the quality of the results is
equal that of a GIS system.
Further  details from  Braun-
stein+Berndt GmbH, Robert-Bosch-
Strasse 5, D-71397 Leutenbach,
Germany. Tel: +49 7195 178828
Fax: +49 7195 63265.

GRACEY & ASSOCIATES
New upgrades for Norsonic NOR-

The real time frequency analysis
functions of the NOR-110 have now
been augmented by the addition of
the ability to calculate the L value in
each octave or third octave in real
time. This gives a direct read out of
the percentile spectrum, the Lg, spec-
trum for example is of considerable
use in calculating the masking that
the background noise level will
afford against a new source that is
to be introduced into an environ-
ment. The L,, spectrum is also spec-
ified for the assessment of the intru-
siveness of sound transmission in
multi-screen cinemas; it allows the
sound track to be used as the noise
source.

Caleulation and display of the
percentile spectra is performed in
real time and may be viewed along
side the conventional power and
maximum spectra during the meas-
urement. At the end of a measure-
ment sequence the pre-selected L,
value may be changed and new val-
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ves calculated based on the stored
data. As a result any value of L,
may be calculated in the range L,
through to Ly, Results may be
downloaded to computer in stan-
dord formats for direct use in
reports or alternatively printed
directly from the meter on a stan-
dard serial printer.

To meet the requirements of the
Noise Act 1996 all the L, values cal-
culated in the NOR-110 are now to
a precision of 0.1 dB. This feature,
along with the comprehensive time
mode, means all of the measure-
ment requirements associated with
the Night Noise Offence are cov-
ered by the instrument. The full
range of data provided will allow
the residual level and the offending
noise to be measured with all sig-
nificant occurrences being indicated
on the time trace by use of the
marker functions.

All versions of the NOR-110 are
equipped with reverberation time
and spatial averaging functions and
as such they are widely used for
building acoustic measurements. A
new windows package is now avail-

able that allows the data held in the

News [tems

dards and measurement protocols.

For further details contact Gracey &
Associates, High Street, Chelveston,
Northamptonshire NN9 6AS Tel:

01933 624212, Fax: 01933
624608.

Gracey & Associates is a Sponsor
Member of the Institute.

THE NOISE CONTROL

CENTRE

The Noise Control Centre of Melton

Mowbray, based at their last factory
for the past 23 years, recently held
an Open Day to celebrate their relo-
cation to new premises at Crown
Business Park, the old MOD Refur-
bishment Centre at Old Dalby, north

of Melton Mowbray. The Company

invited long established customers
and associates to view their new
facilities which provide more than
twice the existing factory and office
space than their previous factory.
The Acoustic Materials Division
of NCC presented many new prod-

instrument to be trans-
ferred to a PC and a
wide rar:?e of caleula-
tions performed os set
out in both National
and International Stan-
dords. For example
from a single series of
measurements the
NOR-SIC package will
caleulate the D ;,, and
produce a report in the
format set out in the
standards. A free dem-
onstration disk is avail-
able on request from
Gracey Associates.

All instruments in
current service can be
upgraded to include
these new features; this
is in line with the Nor-
sonic policy of con-
tinual product improve-
ment and means that
even the first NOR-
110 produced can be
brought into line with
the most recent stan-
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ucts. On display were some new
generalion noise control materials,
offering such quolities as high fire
resistance and superior acouslic
performance. In addition, NCC
introduced a range of fibre-free
moulded products for use in the
OEM market place. These included
engine comportment absorbers,
manufactured from Basotect mel-
amine based foam. NCC has been
licensed for the scle of Basotect,
which is manufactured by BASF, for
many years and is continually
extending its areas of application.

The Industrial MNoise Control
Division had several acoustic enclo-
sures on display, including a unit to
house the new Parsons Trent GT
Generator Unit, designed for use in
the new combined cycle urban
power stations.

The Company is investing heav-
ily in new plant and equipment
together with development facilities
to ensure that they stay at the fore-
front of technology and product
innovations across all aspects of
noise control.

Doto sheets and brochures are
available by faxing The Noise Con-
trol Centre on 01664 821830.

The Noise Control Centre is a
Sponsor Member of the Insfitute,
From the New Products editor: |
would like to apologise for a print-
ing error in the telephone number
of The Noise Control Centre which
was printed in the March - April
1997 issue. The correct number is
01664 821811.

SALEX ACOUSTIC
MATERIALS

Plans Announced For Major New
Manufacturing Si

Noise control specialists  Salex
Acoustic Materials {SAM) Ltd have
announced plans for o new £2.5
million production facility to be
based at Severalls Business Park in
Colchester, Essex.

The new factory complex is
required due to increased business
in SAM's niche automotive busi-
ness. SAM currently supplies acous-
tic materials to over 60% of tractors
currently built in Western Europe,
as well as the majority of the buses
manufactured in the UK. The com-

Acoustics Bulletin May / June 1997

pany also serves construction vehi-
cles and heavy frucks.

The new three ond a half acre
factory site enjoys excellent rood
and rail links and will be at the
heart of Colchester's manufacturing
community. Subject to planning con-
sent, the factory is expected to be
completed in the Autumn of 1997
and will initially offer some 40,000
sq ft of manufacturing and office
facility, with a further 20,000 sq.f
to be added later, subject to
permission.

lication Requi ial

Noise attenuation specialists, Sound
Attenuators Lid (SAL) have just com-
pleted an NC55 level application on
a manufacturing clean room the
size of a football pitch.

The clean room was to be ven-
tilated by 32 lorge, varioble pitch,
axial flow fans with an in-duct SWL
each of 124 dB. Each fon had on
air volume of 87 m3/s ond had
been pre-designed to discharge into
6.0 m x 2.0 m duciwork.

SAL were called in to offer an
NC55 level solution to the system.
They found themselves foced with a
number of initial complications,
including 7.25 m/s face velocity on
the discharge side and inlet attenu-
ators with a 2000 mm length limita-
tion. Fortunately, the foce velocity
on the inlets was just 2.5 m/s.

SAL worked in conjunction with
the fan manufacturers Howden Var-
jax and the AHU supplier, AAF
McQuay, to plan an economic solu-
tion to the chaltenge posed by the
system as designed.

Flow noise coused by conven-
tional ottenuation elements would
normally prohibit the use of stan-
dard splitter configurations, given
these foce velocities ond length
restraints.

However, SAl's patented 'TS'
spliter design with low resistance
and lowlflow noise characteristics
was able to match the criterion for
the discharge elements, and 'TS
Reverse' designs were suitable for
the inlet elements.

Following o fast-track contract,
the SAL TS spliter units were
installed, and recent tests have con-
firmed that the clean room environ-

ment now meets the NC55 crite-
rion.

For further information, please con-
tact Sound Attenuators Ltd, East-
gates, Colchester, Essex CO1 2TW
Tel: 01206 866911 Fax: 01206
B65987.

Salex Ltd is a Sponsor Member of
the Institute.

CEL INSTRUMENTS
On April 1st this year Norway and
ltaly introduced stationary vehicle
noise testing for all cars, vans and
trucks and both countries have cho-
sen a CEL Instruments' system fo
carry out the work. So far Norway
have ordered 120 units and ltaly 40
unils of the system for use in special-
ist garage outlets. The system
includes o Type 1 CEL-414 Impulse
Sound Level Meter, a 10 metre pre-
amplifier extension cable, wind-
shield, calibrator and tripod.

The vehicle noise test, complying

with IEC 5130 1982 (E), requires o

measurement of both the ambient
(background or surrounding) noise
level and the specific maximum level
issuing from the rear of the vehicle.

The system enables the tester to
sit in the driver's position to operate
the sound level meter and the car's
throtile. The preamplifier and micro-
phone unit, connected via the 10 m
cable, is positioned 1 m from the
vehicle's exhaust at an angle of
45°, When the engine reaches its
normal operating temperature the
engine is held at 75% of the moxi-
mum rpm. The throfile is then
released to allow the engine's return -
to normal tickover speed and the
maximum recorded noise level is
shown on the instrument's screen.
The test is carried out three times for
each vehicle. One ambient noise
level is olso measured with the vehi-
cle's engine switched off. The differ-
ence between the ambient and max-
imum readings is then compared to
the vehicle manufacturer's own
specifications to determine whether
the vehicle has passed the test,

The orders were secured by two
of CEl's European agents: Jar Mal-
etekknikk in Norway who will be
supplying the systems to Holto and
Haland, (o specialist garage supplies
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company), and Orione di Bistulfi for
the Bosch organisation in ltaly.

For details of the system contact: CEL
Instruments itd, 35-37 Bury Mead
Road, Hitchin, Herts SG5 1RT Tel:
01462 422411 Fax: 01462
422511 Email:sales@ cel.ltd.uk

CEL Instruments is a Key Sponsor of
the Institute.

ISVR
ing tr

The Institute of Sound and Vibra-
tion Research {ISVR) of the University
of Southampton is a pariner in two
large-scale collaborative research
projects on railway noise funded by
the European Union within its Brite
Euram |l programme. Total funding
for the University amounts to almost
320,000 ecu {£235,000). Railway
noise has been researched ot ISVR
for the last 25 years beginning with
a major national study of community
response to railway noise which
helped to lay the foundations for the
establishment of standards for rail
way noise in the UK. The new focus
is on reducing the noise at source.

The first project, Silent freight,
began last year ond aims to reduce
the noise from goods trains by up to
10 decibels. s counterpart, Silent
track, wos launched in January and
aims to do the same for the rails and
sleepers. The two projects will cul-
minate in @ combined demonstrakion
of the technology in the spring of
1999. Both projects are coordinated
by ERRI, the research arm of the Inter-
national  Union of Railways, but
involve different industrial partners.
‘Heading the University’s participation
is Dr David Thompson, lecturer in Roil
Systems MNoise and Vibration, who
joined the University last summer. Also
involved at the ISVR are Dr Chris
Jones, senior research fellow, pre-
viously with BR Research and Dr Neil
Ferguson, industrial lecturer in Struc-
tural Dynamics.

A key tool in this work is a theo-
refical model for railway rolling
noise, TWINS, developed by Dr
Thompson and, it is claimed,
already in use by more than 10
companies and railway operators in
Europe. ISVR will be developing new
elements of this model ond extend-
ing the validafion of existing ele-
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ments. To allow experiments to be
carried out without requiring access
fo an operational railway, a short
section of track is to be installed at
or near the University. For further
information  contact Dr  David
Thompson  ISVR Tel. 01703
592510 or Ruth Bowden, Public
Affairs, University of Southampton
Tel. 01703 595420.

Anthony Best Dynamics
Second AbD kirematis and comm-

iance ri installed i

Anthony Best Dynamics (ABD} of
Wiltshire has delivered and commis-
sioned @ Suspension Parameter
Measurement Machine {SPMM) at a
mojor tyre monufocturer in  the
United States. This system is similar
to the SPMM installed by ABD last
year ot MIRA in the UK. In o recent
press release, ABD claimed that
SPPMM is a cost-effective four wheel
station machine which can measure
the suspension kinematic and com-
plionce characteristics of a wide
range of vehicles. The SPMM
instolled ot MIRA has been in
almost continuous use since it was
commissioned and has provide data
on over one hundred vehicles of dif-
ferent types. Like its counterpart at
MIRA, the newly commissioned rig
in the US is an electro-mechanically
operoted, fu”y automated and com-
puter controlled machine, copable of
completing a full suite of suspension
and steering measurements in hours
rather than days.

The four wheel station design of
the SPMM enables two axles to be
measured simultaneously and pro-
vides a fost tumnaround for pro-
ducing a full data set for a vehicle.
In addition , the ability of the SPMM
to take a wide range of vehicle from
the smallest possenger car to the
largest vans cllows the rig to expand
on the tests available from previous
systems of this type. ABD explained
that the essence of the machine is
that it subjects the vehicle suspension
and steering system to a variety of
forces and displacements opplied
slowly, so as not to excite any inertia
forces from occelerating mosses or
any damping from shock absorbers
or elastomers, whilst recording all
the relevant deflections and loads.

The SPMM provides the engineer
with an important data set relating
to vehicle ride and hondling per-
formance and is designed to maxi-
mise the use of commercially avail-
able hardware and software.

For all sales enquiries contact:
Tony Best, Anthony Best Dynamics,
Holt Road, Bradford on Aven, Wilts
BA15 1AJ Tel: 01225 867575

Industrial Noise and
Vibration Centre

i i
industrial Noise and Vibration Cen-
tre {INVC} have produced a tech-
niccl note on hygienic noise control
technology backed by o selection of
case studies covering a wide range
of industries and processes and this
is available free of charge from the
INVC. In a recent press release by
the company they note that enclo-
sures and other control techniques
used to reduce noise levels often
create new problems related to
cleaning, access and maintenance.
Companies in  the  food/
pharmaceutical/ elecironics and
other industries where hygiene must
be maintained, frequently have to
endure high costs and incon-
venience to reduce noise levels by
conventional means.

The INVC alternative is to make
use of the best of current innovative
engineering technology to reduce
noise at source. INVC claim that this
not only has few hygiene implications
but is also low cost. Examples of the
technology in action include a vibra-
tory feed system where, far from caus-
ing problems, the noise control tech-
niques used improved performance,
cut down-time and maintenance and
reduced the noise level from 99 dB(A)
to 77 dB{A) at 10 per cent of the cost
of an enclosure.

For further information contact
Peter Wilson or David James, Indus-
trial Noise and Vibration Control
Centre, Burnham House, 267 Farmn-
ham Road, Slough, Berks, SL2 THA.
Tel: 01753 530414/570044, Fox:
01753 570311.

ltems for this section should be sent
to John Sargent MIOA, Oak Tree
House, 26 Stratford Way, Waiford
WD1 3DJ. <
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Acoustics Recruitment Associates

Stewart House Brook Way Leatherhead Surrey KT22 7NA
Tel: 01372 386 880 Fax: 01372 379 898

e-mail: ara@dial.pipex.com

Technical Adviser: Dr Geoff Leventhalt

If you are an acoustics specialist considering a change of job, you wili be
interested to know that there are employers out there who may be looking
for someone like you. Current vacancies include Consultancy and Technical
Sales.

If your Company wou!d like help with recruitment, we have a list of
candidates, one of whom might suit you.

Contact us if you would like to have some general information on the
opportunities.

Please send me ... sets of Internoise 96 Proceedings

[:’ by surface mail / [} by air mail

Internoise 96 Proceedings

3362 pages, 678 papers in 6 volumes 220 x 148 cardback,
ISBN 1 873082 91 6 (scr of six) Name:

Organisation:

LET o7 '* R 2 Address:

Tel:

Fax:
[} visa { ] prera ] mastsrearD [ 1enclose a cheque for the total amount in £Stg
D EUROCARD D SWITCH {Issue no ... } [:' JCB I:l Please charge my credir card as ac left

ERENERNARERRARERANE

R Fax or mail this ta the Institute of Acoustics
Expiry Date: 5 Holywell Hill, St Albans AL1 1EU, UK

) Tel: +44 (1727 848195  Fax: +44 (011727 85055
Signature: Registered charity no. 267026




European Process

Management are
proud to announce
the world’s first
tedicated hand arm
vibration meter.

Designed specifically to meet the proposed e
E.U.P.A.D. (European Union Physical Agents Directive)
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ViS - 015 Vibration Kit

©1S0 8041 ©I1S05349 O©OFully C€ certified
© Built in REF tone for verification

Direct printer or PG connectability
display software available.

European Process Management Ltd.
Newhy House, 309 Chase Road

Southgate, London N14 6JL.
Tel: 0181-882 6633 Fax: 0181-882 6644




