maximum level [dB(R)]

@)

«.Sleep disturbance * Overnight traffic noise
e Hoéﬁilal noise. ¢ Pattern recognition

T

‘awakening reactions
(-.89+. 129x-.8018x 2" 45316

"6 7 8918 28

‘number of noise events
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FROM THE PRESIDENT

In this issue a matter is raised which justifies the attention of all members. It is the question of whether the So-
ciety should have a formal Code of Ethics.

Some time ago Council was asked to consider this question and as a result and after much research (i.e., read-
ing as many codes as we could find from other similar bodies), the draft as presented in this issue was pre-
pared.

Councillors and Division Committees have already examined this draft and their responses form a five-sided
playing field. The boundaries seem to be:

1) we should have a code of ethics and the draft is fine with minor amendments,
(2)  yes, but the words need some significant changes

@) it doesn't matter one way or another,

(4 no, our members are already committed through other society memberships
(5)  itwould be positively harmful, leading to dispute and dissension.

Please think through your viewpoint. We can even turn to the Sydney Morning Herald for a view: “Every society
worth its salt should have one, i.e., a code of ethics”. (17 June, 1992).

Itis up to you, the members, to come to a decision on this matter, probably at the 1992 A.G.M.
R. J. HOOKER
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Model 886—2 Sound Level Meter A B & C weighting
Model 899 Impulse Sound Level Meter

A wide range of cali and are also
available. Please contact IDN for a complete catalogue.

All Simpson'’s Sound Level Instruments conform to IEC and ANSI
Type 2 specifications, where applicable, and are made in USA.

I D N INDEPENDENT DISTRIBUTION NETWORK PTY. LTD.
2 2 T¥  PO.BOX 400 CARINGBAH NSW 2229 FAX: (02) 524-0679 Phone: (02) 524-0684
INDEPENDENT DISTRIBUTION THROUGHOUT AUSTRALIA
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Code Of Ethics

A draft code of ethics has been prepared for ion by members of the Australian A [
The history behind this code goes in two steps. A proposed code was put to the Annual General Meeting of 1981. After discussion, the
proposal to adopt that code was lost - a majority in favour, but insufficient to achieve the three-fourths majority required for a special
resolution.

In 1990 the second step was initiated by a request to Council to consider the need for a code and to prepare a draft

A code of ethics would logically be along the lines that members act in such a way as o promote the objects of the Society, as listed in
the Memorandun of Assocation - hee are 25 objccts in e s In partcular, objec € is “To promote honowrable practice... by e

joining members of the Society 10 conform to a code of ethics relating ! praciice, etiquette and alli
Factors supporting the adoption of a code are:

A code is implied in the Memorandum of Association. 3. The voting in 1981 was 54 in favour, 24 against.
2. The code has been requested by some members. 4. Most professional societies have a c

The following six-point code with accompanying notes is suggested. It is based on the Objects of the Society as expressed in the Mem-
orandum of Association, the previous (1981) proposal, and on the codes of kindred societies.

Itis proposed to present the code, amended in the light of comment received, to the 1992 Annual General Meeting, for voting on adop-
tion or otherwise.

YOUR ACTION. Please consider, and send your comments to the General Secretary.

Draft Code of Ethics Object () Toencourage the discovery of and investigate and make
known thenature and meris of rocesses and nventions

Responsibility
The welfare, health and safety of the community shall at al times relating o the science, profession or practice of acoustis.
sectional, i J 3. Work within Areas of Compennu
2. Advance the Objects of the Society Inall circumstances members
Members shall act in such a way as to promote the objects of the (@) inform their employers or clws if any assignment requires
Society. fications and/or experience outside their fields of com-
etence, and where possible make appropriate recommenda-
3. Work within Areas of Competence Sone i regard  he need o furter aice.
¥ e (b) report, make statements, give evidence or advice in an ob-
4. Application of Knowledge Jective and truthful manner and only on the basis of adequate
Members shall pply their skl and knowledge in the inerest of their knowledge
employer o cent, for whom they shall actin professional matters (0)  reveal the existence of any interest, pecuniary or ofherwise,
s faithful agents or trustees. that could be taken to affect their judgement in technical mat-
5. Reputation
Members shall develop their professional reputation on merit and 4. Application of Knowledge
shallactat alltimes in a fair and honest manner. t i in dealing
6. Professional Development others. Specifically they shal:
Members shall continue their professional development throughout () strive to avoid all known or potential conflicts of interest, and
ther i keep employers or clents fully informed on all maters, fi-
nancial ortechnica, that could ead to such contict,
Explanatory Notes (1o acompany Cose of Etrics) (b} refuse compensation, fiancil or otherwise, from more than
1. Responsibility one party for services on the same projects, unless the ci-
. cumstances are fuly disclosed and agreed to by al inerested
I fulfiment ofthis requirement members of the Sociey shall: ences are fly disclosed and agreed toby al nfereste
(&) avoid assignments that may create confict between the inter- (¢) - neither solit nor accept financial o other valuable considera-
ests of thei clients, employers, or employees and the public tions from materialor equipment suppliers in return for spec-
ificaton or recommendation of thei products, or fom contrac-
(b) conform to_acceptableprofessional standards and pro- tors or ther paries dealing with their employer or lient.
cecures, and o act in any mamner that may knowng €99 5 Rgputation
ardise the public wefare, health,or safey. " Nomember shal actimproperlyto gain a benefit and, accordingly
(¢)endeavour to promote the wel-being of the communiy, and, f shal ot g g
S o o ert o s, o thf cents o - (&) pay noroffer inducements, ether direcly orindrecty,
ibute 10 d y fters within thir cor 1o secure employment or engagement.
plivimcertd copdy oy Bl i i t) ety or misrepresent thir ualfiations, experience, o prior
P be advanced, responsibiiies nor maliciously or carelessly do anything to in-
- jure the reputation, prospects,or business of others.
2. Advance the Objects of the Society © i i
\ppropriatecbecs of the Socieyas fsted (9 falto ghe proper rdt for vorc of ot to whom it s
Otiect ) " e prac or to acknowledge the contribution of ther
tics in all ts branches and to faciltate the exchange of in- 6. Pf°f°”|°ﬂﬂ| Development
formation and ideas n relation thereto. Members shal:
Obiect () To encourage the study of acoustics and to (a) stive to extend thei knowledge and skills n order o achieve
(in part)
i ® i their direction or with
practice of acoustics. ed their 3
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Noise Control During the Night

Proposals For Continuous and Intermittent Noise

Barbara Griefahn *
Institute for Occupatlnnal Health
Department

Ardeystr. 67,

y an
D-4600 Donmund 1/FRG

d O

Abstract: The temporal structure of noise is the governing factor for the assessment of noise-induced sleep
disturbances. Intermittent noises are more disturbing than continuous noise. The limit between both these
acoustic conditions can be defined by a ‘modulation depth’ of 10 dB (A) between the maximum levels and the
equivalent sound pressure level Log.

The critical level or load for continuous noise is located within a range from Laq = 37 to 45 dB (A), but Leg
alone is not generally suitable for the prediction of sleep disturbance.

The admissible risk for intermittent noise is defined as a single awakening during the night in not more than
10% of the population. This risk corresponds to the peak noise level which must not be exceeded in order to
avoid long-term effects on health. The results of several experimental studies were used to calculate a func-
tion which presents this admissible risk as a relation between the peak levels and the number of stimuli per
night.

4 diferont short stimul are found to cause mor or less the same extont ofreactons aftr some habitia-
tion nights, the critical peak levels apply to different transportation noise sources. Examples of these peak

levels, adjusted for age are 59.4 dB (A) for 2 events per night, 54.1 for 10 events and 53.5 for 30 events.
Key words: sleep - noise-induced awakenings -

continuous and intermittent noise - critical levels.

INTRODUCTION

d is

subjectely oxperinced dovations fiom the usual or do.
sired sleep behaviour. It is increasingly caused by environ-
mental stimuli, predominantly noise.

Moderate noise-induced sleep disturbance can be tolerated
for a limited time. But, if it becomes chronic, it is assumed to
accelerate the (multitactorial) genesis of particular diseases.
‘This hypothesis is plausible in view of the fact that long-term
residents in streets with high traffic noise levels continue to
be affected by noise; they wake up more often, they assess
sleep quality as worse and their performance is impaired.
[Griefahn, 1985; Jurriéns et al., 1983]

2. DETERMINATION OF CRITICAL LEVELS
Disregarding the most sensitive and the most resistant peo-
ple the relation between noise and its effects is aimost lin-
ear. However, if both these groups (which amount to 10-
15% each) are included, the dose-response curve becomes
sigmoid -shaped indicating that some people react to very
low intensities whereas others are not disturbed even by
very high levels.
So, the protection of all people required the elimination of
any noise immission. As this is impossible, limits must be
established which protect at least a majority of the exposed
population.
The determination of upper limits for noise-induced sleep
disturbances requires specification of
(1) those indicators of sleep disturbance, which plausibly
predict the (assumed) effects of health and
(@) those noise parameters, which predict sleep
disturbances.

2.1 Descriptors of sleep disturbances

The effects of noise are usually described by the total sleep
time, by the number and the duration of the particular sleep
stages (including awake periods) as well as by the number
of (noise-induced) awakenings, sleep stage changes and
autonomic responses. After-effects are indicated by sef-
estimated sleep quality and by the alterations of mood and
performance.

‘The predictive significance of these alterations is well found-
ed only for awakenings. Awake periods of at least 4 minutes
are recalled in the morning and they determine the sub-
jective assessment of sleep as well as mood and per-
formance [Baekeland & Hoy, 1971). The resulting psycho-
social stress may contribute to the genesis of chronic health
disorders, particularly of cardiovascular diseases.

2.2 Noise descriptors

People are generally more disturbed by intermittent than by
continuous noises. Additional alterations occur in the elec-
troencephalogram (EEG) if continuous noises are inter-
spersed with intermittent stimuli and if the maximum levels
then exceed the equivalent sound pressure levels by at
least 10 dBA [Eberhardt, 1987; Spreng, 1975]. A ‘modula-
tion depth’ of 8-10 dBA was found to evoke cardiovascular
responses [Vallet et al., 1983).

These findings suggest that the equivalent sound pressure
level is not generally suitable for the prediction of sieep dis-
turbances and that upper limits must be determined for both
acoustic situations separately. Considering the lterature it
seems o be reasonable to define the limit between continu-
ous and intermittent noises by a modulation depth of 10 dBA
[de Camp, 1980; Eberhardt, 1987; Griefahn, 1985; Lukas,
1975; Ohrstrom, 1982; Wagner, 1988].
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Furthermore, the cited papers suggest that the effects of in-
termittent noises are better predicted by the number and the
maximur levels of the particular stimuli whereas the effects
of continuous noises are better related to the equivalent
sound pressure levels.

3. CRITICAL LEVELS FOR CONTINUOUS
NOISES

Upper limits for continuous noises were elaborated for road
traffic, which is - regarding the number of exposed people -
the most important source of noise.

Eberhardt et al. [1987] recorded sleep in quiet and during
continuous noises with equivalent sound pressure levels of
36 and 45 dBA indoors. As alterations of sleep were not ob-
served before Leq =45 dBA the authors assume the critical
noise levels to be within the range of Leq =36 and 45 dBA.
Vallet et al. [1983] related EEG-alterations and autonomic
responses 10 the equivalent sound pressure levels (field
study with 26 subjects). The correlation coefficient became
significant if noises < 37 ABA were discarded. The authors
conclude that 37 dBA must not be exceeded

Griefahn [1986] exposed 36 subjects during 12

included. Noise pressure levels were measured indoors. As
a limited habituation was observed within the first 5-6 nights
the material was standardised to the 6th exposure night.

4.2 Determination of upper limits for awakening
reaction:

The dose-response curves in Figure 1 relate the probability

y of awakening reactions to the maximum noise levels x.

The probabity of awakening reactions is expressed by

equation (1),

y=132x-79.67 [0}

However, a linear relationship is realistic only if the most
sensitive and the most resistant people are disregarded,
that is to say within an awakening probabilfy of about 10-
90%. Thereafter, 10% of the whole population are expected
10 wake up at 67.9 dBA presupposing a variable number of
up 10 32 noises during the night. This maximum level which
is the threshold for the remaining 90% is called the critical
load.

—induced auakenings
S

nights to recorded traffic noise with equivalent sound pres-
sure levels from 37 to 63 dBA. On the basis of subjective
assessments (which correlate with the EEG measures) an
upper limited was determined at Leq =40 dBA.

4. CRITICAL LEVELS FOR INTERMITTENT
NOISE

Numerous experimental studies were executed until now
and the upper limits suggested for intermittent noises vary
within a large range from 45 to 68 dBA due to the fact that
awakening reactions are not only related to the physical de-
scriptors of noise but also to non-acoustic variables (e.g.
age, sleey . This must be considered when elab-
orating admissible noise levels.

4.1 Basis 1or the analysis of awakening
reaction:

For the mnnwmg considerations the results of experimental
studies which are comparable in method and evaluation
were pooled and recalculated. Male and female subjects
from 5 to 75 years of age were exposed to up to 32 short-
term noises (s40 s) each night. Various types of aircraft
noises were: applied, sometimes -interspersed with pink
noise. A few data from truck and impulse noises were also

19 pubications
34 ubjects (5-75yre)
742 nighes

ity of resctions (1)

arts stwmdarsizes w0
Bih expor imantal night

maxinum lovel (451

Rlterations of sleep depth and awakenings
intermittent noise and maximum levels

Figure 1.

4.2.1 Adjustment of the critical noise level to the
most sensitive sleep stage

The chance of being awakened by noise is less during
NREM-sleep than during REM-sleep. (Table 1). As the latter
amounts approximately to one fourth of the total sleep time,
itis reasonable to adjust the-critical noise level to this stage,
as if people spend their total sleep time within this stage.

As the age of the subjects whose data contributed to equa-

AWAKENING REACTIONS

SLEEP STAGE CNANGES N

oquation (1) v

X 40yrs)

7967+ 1.32¢ ¥ =28286-3.17x
at a maximum lovel of 679 dBA 608 6BA
‘Adjusimont 10 the most sensiive sloop stage
sloop stages. Fiat  Deop  REM Flat Doop  REM
of reactions. 20% 21% 5% ss%  62%
average prob. (ll stages) 18.4% 549%
most sansiive stage 21.2% REM) 520% (fat)
Table 1. increase 7% (round -off error) %
‘acoording to equation (1) ik 09d8A

Adjustment 1o the age distribution in the FRG (40 yrs 53%, 71 yrs 90%)

zation age-reactons Y73+ 1.43x.028¢ = 00026
foaction of 40 yrs peopie. 17.9%
roaction of 71 yrs people 247%

o%
‘2coording to squation (1) 5.1d8A
Total 72087
Resuting Limit 607 dBA
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tion (1) averaged 40 years - the results were adjusted to a
typical sleep stage distribution of this age (60% stage 2,
16% stages 3 & 4, 24% stage REM). The higher probability
of being awakened in stage REM corresponds to a sen-
sitization of 2.1 dBA (Fig. 2).

rxssRInoy

correctin to e st
B e s

sptation to the age
disteibution in the TG

4.3 Determination of an upper frequency

As the critical noise level calculated above refers to the in-
dividual stimuii the number of noise-induced awakenings
varies with the number of stimuli during a night. The ad-
missible risk, however, must take into consideration the
overall risk of being awakened during a whole night's sleep.
The awakening frequencies (as reported in several papers)
are related to the number of stimuli per night in Figure 4.
The relation is curvilinear; the risk of being awakened by a
particular noise becomes gradually smaller. Using equation
@),

.003° + 213x - .15 @

2 10%-risk is reached if between one and two noise events

(theoretically 1.38) occur during the night (the average peak

level of the noise events used for this presentation was 72.3
)

Noise-induced auzkenings and alterations of sleep depth
correction of the critical noise level to the most sensitive
sleep stage and adaptation to the age distribution in the FRG

Figure 2.

4.2.2 Adjustment of the critical noise level to the
age distribution in the population

The critical noise level calculated above refers to an aver-
age age of 40 years. As the probability of being awakened
increases with age and as 47% of the citizens of the Feder-
al Republic of Germany (FRG) are over 40, the admissible
level must be once more adjusted. The extension of pre-
ventive measures to at least 90% of the population required
the consideration of people aged up to 71 years.

The relation between age and the probabilty of noise-
induced awakening is plotted in Figure 3. According to
equation (2),

y =002 - 028 + 1.43x - 7.3 @

71 years old people are about 6.8% more sensitive than 40
years old subjects. This corresponds to a sensitization of
5.1 dBA. In other terms: if 71 years old people are exposed
to sound pressure levels (SPL) of x dBA they probably wake
up as often as 40 years old people who are exposed to an
SPLofx+5.1 di

The consideration of most sensitive sleep stage and of the
age distribution requires a reduction of the upper load at
67.9dBA by 2.1 + 5.1 = 7.2 dBA. The admissible maximum
level for awakening reactions is then 60.7 dBA (Figure 2),
again for the case of up to 32 noises occurring during the
night.

prabability of resctions (1)
¥

Gn wnpor nental night

1ge of the subject

Alterations of sleep depth and awskenings
intermittent noise and ag

o induced suskenings

e 150213000 2

ye2.180. 308

19 publcations
21 wubjects

number of resctions

nusber of naises per night

Rlterations of sleep depth and awakenings
related to the number of noises per night

Figure 4.

44 of an

As described above, after a few nights of habituation a theo-
retical number of 1.38 stimuli per night causes awakenings
in 10% of the exposed people. This is defined as the upper
risk, which must not be exceeded.

To avoid more awakenings an increasing number of acous-
tic stimuli must be compensated by an attenuation of the
paticular maximum fevels. This relation is plotted in Figure
5. Equation (4),
¥ = (09 +.129x - .0018x%) ' + 53.16 @

is deduced from equations (1) and (3). The data are ad-
justed to age and to the most sensitive sleep stage and it is
aditionally regarded that equation (3) is based on studies
where the maximum levels averaged 72.3 dBA

According to Figure 5 the admissible sound pressure level
decreases considerable from one to five noises. Thereafter
it approaches gradually to 53.2 dBA.

5. APPLICATION AND VALIDITY OF THE
CURVE

Each point of the curve represents the same risk as defined

above: one awakening will probably be evoked in not more

than 10% of the exposed people if two noises with peak lev-

els of 59.4 dBA or 10 noises of 54.1 dBA or 30 noises of

53.6 dBA occur during a night.

Figure 3.

For two peak levels, 59 and 54 dBA the maximum ad-
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10x54dB(A)  and 0x59 dB(A)
or 5x54dB(A) and 1x59 dB(A)
or  0x54dB(A) and 2x59 dB(A)

Regarding the underlying studies, the applicabity of the
curve is restricted to the assessment of short-term stimuli
(40 sec), to a total number of 32 and (according to the cal-
culations completed in chapter 4) to peak levels up to 60.7
dBA.

“ T 1117
£ “BR-N awakening reactions
Ry LY it 16
»
o %)
2
ie
N
“
“
b T e
—— famer of nolse svems
Limits for noise inmission during the night
number of noises and maximun levels

Figure 5.

6. SPECIAL (ACOUSTIC) SITUATIONS

6.1 Rare Exceedances

The curve in Figure 5 represents the admissible risk for
each single night. Regular exceedances during several
nights are not allowed even if the actual risk is lower within
an appropriate number of succeeding nights.

Incidental exceedances, however, are possibly tolerable. Af-
ter noisy nights i the laboratory, many authors observed re-
bound effects within the following quiet nights. These com-
pensations are also likely in the real life situation. But then a
great variety of additional factors influence the organism
rendering a compensation not before several succeeding
nights. Incidental exceedances are admissible only in case
that the upper risk is not exceeded during several con-
secutive nights. A number of 7 o 10 nights seem to be suf-
ficient in this sense.

6.2 Assessment of the risk during the night

Sleep depth decreases gradually during the night elevating
the reactivity in the morning. Accordingly, more noise-
induced awakenings and larger autonomic responses are
then registered compared to the evening [Griefahn, 1988
1989; Vallet et al., 1988). This situation is probably not ex-
clusively related to sleep depth. Additional factors, as for in-
stance reduced tiredness and the circadian rhythm may
contribut

It noise exposure starts before sleep onset (which cor-
responds to the real life situation), sleep onset is not de-
layed but latency to deep sleep is prolonged. If exposure
terminates after 2-3 hours deep sleep can be retrieved. On
the contrary, noise in the morning provokes more awak-
enings, the time to return to sleep is prolonged and more
difficult and compensation becomes. impossible. Awak-
enings experienced in the morning are more often recalled
and cause a worse assessment of sleep quality as well as a
larger impairment of performance [Griefahn, 1988; Maller-
Limmroth & Ehrenstein, 1974].

Considering the increased reactivity in the morning, it is rec-
ommended e.q. for air traffic or railway traffic to gradually
prolong the intervals between consecutive noises and to re-
duce the admissible maximun levels during the night. An-
other alternative is to concentrate the fiights in the beginning
and at the end of the night and to keep free the hours be-
tween.

6.3 Content of information

‘The meaning of an acoustic stimulus which is determined by
the physical parameters and by the experience of an in-
dividual with the particular noise is most decisive for sleep
disturbance. A high emotional stress causes more and larg-
er responses even during deep sleep. Therefore, sensit-
isations are possible particularly for those noises which an-
noy people during the day. On the other hand an initially
adverse stress component may decrease and then cause
smaller responses. The latter, the process of habituation, is
ot observed i rasidonts g noar raoad tracks of n
streets with high traffic volume

6.4 Special groups, poor sleepers, ill people

The arousal thresholds of poor sleepers do not differ from
those of good sleepers, but once they are awake they need
more time to return to sleep [Johnson et al., 1979)]

No data are available concerning noise-induced sleep dis-
turbances in ill people. Considering autonomic reactions, iil
people were found to be more sensitive while awake. The
increase corresponds to 11 dBA. This may serve as a criter-
ion for further noise control in hospitals during the night
Griefahn, 1982].

6.5 Initial Stress

When new roads, airports, railroad tracks etc. are planned
and realised the basic stress on the residents must be con-
sidered. As man reacts to the acoustic situation as a whole
it makes no sense to assess separately the different noises.
If the basic acoustic situation is continuous, additional strain
is expected if the accessory noise causes modulation
depths of at least 10 dBA and the curve in Figure 5 then
may be used for the assessment of the new situation.

7. DISCUSSION

If a stress cannot be eliminated completely limits are re-
quired which improve the situation for all people concerned
although these limits cannot ensure that each individual will
be unaffected. These limits are usually set by politicians and
by administrators. It may not be acceptable therefore that
10% of the population are disregarded in the calculations
executed here. But this decision offers the possibilty of

the basis of the available data. The same procedure could
be applied for other percentages (5%, 3% etc.).

The curve which presents the upper risk for intermittent
noise was calculated using published data. lts validity is not
yet proven but numerous facts support it's applicability .g.
for planning new airports, railroad tracks, etc...

The function which represents the admissible risk for inter-
mittent noise was deduced from two equations where the
awakenings are related to the number of noises and to their
corresponding maximum levels.

The maximun risk was determined disregarding 10% of the
population who are supposed to be most sensitive. After the
adjustment to the most sensitive sleep stage and to the age
distribution in the FRG the risk is - after a short period of ha-
bituation - far below 10%. The latter assumption is sup-
ported by Wagner [1988], who exposed his subjects
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selectively during the most sensitive hours in the early

morning. After two habituation nights truck noises with maxi-

munm levels of 64 dB(A) led to awakenings in not more than
%

The curve of the upper risk was calculated from studies
where the authors predominantly applied aircraft noises.
The effects of a few other noises (truck, impulse, pink noise)
are also included. This was possible after the analysis of the
relevant literature revealed that different short stimuli cause
more or less the same extent of reactions after some ha-
bituation nights Griefahn, 1985).

Itis almost impossible to simulate perfectly the field situa-
tion in the laboratory. As a rule, the reactivity increases in
the latter environment. As all the basic data were taken from
laboratory studies the frequencies of noise-induced awak-
enings are probebly igher es i registered at hame [Ebe-

This leads to a more
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Whlch can be tolerated in consideration 01 preventative
measures.

The awakening reactions were mostly verified by the re-
cordings of the EEG and EOG. In a few cases the subjects
signalled awakenings by pressing a button. This procedure
is suspect as an) cooperation of the subjects in-
crease the alarming content of the stimuli and thereby the
probability of awakening reactions. But this is again accept-
able from the viewpoint of preventative medicine.

8. GOALS FOR PREVENTATIVE MEDICINE
The establishment of limits is required if noise immission
cannot be eliminated completely. Limits improve the situa-
tion for the whole population, they protect the majority of the
people exposed, but they cannot exclude the risk for each
individual. It is therefore desirable to remain below that risk
by reducing the frequencies and the maximum levels as far
as possible.

The recommendation to reduce noise ‘as far as possible’ is
certainly not helpful to those who make decisions (pol-
iticians, administrators). On the other hand it is difficult to
suggest a lower limit as the awakening reactions are the
only ones which are - according to our present knowledge -
possibly significant for the presumed health disorders. They
are recalled in the morning, they determine mood and well-
being and the resulting psychosocial stress may contribute
to the genesis of multifactorial diseases.

The significance of the alterations of sleep depth is com-
pletely unknown. No correlations exist between these re-
actions and the assessment of sleep in the morning. Nev-
ertheless, it may be desirable to avoid even these reactions
and to maintain normal sleep. The establishment of limits
based on this criterion reduces at least the number of those
very sensitive subjects who awake if the upper curve in Fig-
ure 5 is regarded.

As for noise-induced awakenings a limit for 0-reactions (the
lack of sleep stage changes in 90% of the population) was
calculated and adjusted to the most sensitive sleep stage
and o the age distribution (Table 1, Figure 2). The resulting
maximu level of 54.5 dBA is 6.3 dBA below the appropri-
ate maximum level for awakenings.

‘The upper curve in Figure 5, which was calculated for awak-
ening reactions represents the upper risk which must not be

led in order to avoid long-term effects on health. The
curve lower, calculated for the O-reactions, however, repre-
sents the preventive goal, which should be realised if pos-
sible. ®
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Overnight Traffic Noise Measurements In
Bedrooms And Outdoors, Pennant Hills Road,
Sydney - Comparisons With Criteria For Sleep

N. L. Carter, P. Ingham, and K. Tran
National Acoustic Laboratories
126 Greville Street,

Chatswood, 2067

Abstract: Continuous noise recordings were made overnight, simultaneously in front bedrooms and at the fa-
cades of nine dwellings on Pennant Hills Road, Sydney. Continuous video recordings of the traffic were also
made. Lacq, Lamax, Lapk, Laso, Lao and Lay were obtained for each 20-second interval of each night. The re-
cordings were also analysed for single noise ‘events' exceeding 70 dBA for 2 seconds or longer (outdoors)
and 50 dBA for 2 seconds or longer (indoor noise). The number and type of vehicles were counted for each
15-minute period of the night for six of the nine locations. Outdoor/indoor attenuation and reduction in number
of noise 'events' were also determined, the relations between traffic count and mix were explored, and the re-
sults compared with some suggested criteria for adequate sleep. It was found that the amount of attenuation
measured depended partly on the noise descriptor used, but that recent estimates of the typical outdoor/indoor
traffic noise attenuation of suburban homes, with windows open slightly, were too low. Notwithstanding these
variables the noise exceeded all sleep criteria at all locations, indoors and outdoors, except in the one case

where the windows were closed and double glazing was used, where they were marginal.

1. INTRODUCTION

There is still disagreement as to acceptable and desirable
limits of exposure to traffic noise during sleep, but even as-
sessing the exposure of people to traffic noise in their own
homes is not easy. Recommendations on methods of meas-
uring and calculating exterior traffic noise levels are avail-
able [AS 2702-1984; AS 3671-1989], and a number of es-
timates of traffic noise levels at the facades of Australian
suburban dwellings have been made [cf. Brown and Cliff
1989]. Similarly, there are methods for the calculation of the
transmission loss of building components [AS 3671-1989;
Cops and Wijnants, 1988}, and guidelines are available for
estimating transmission loss of single and double-glazed
windows, and insulated walls and ceilings [CSIRO, 1978).
Howaver, the applcatin of the concapis undering these
methods to assess typical indoor noise levels due to road
traffic is limited, mainly Secauss standards of building con-
struction fall short of laboratory models, and buildings de-
teriorate with time [Lawrence and Burgess, 1983; Mizia and
Fricke, 1983; AS 3671-1989). The task of estimating interior
noise levels from exterior ones is made more complex by
the variety of physical factors determining facade noise lev-
els [Mizia and Fricke, 1983], and by the effects of variations.
in noise spectrum [Dunn, 1989]. As well as this, the meas-
urement locations inside the house assumed in these mod-
els may not always correspond to where people spend their
time.

The lack of reliable data on the outdoor/indoor noise at-
tenuation of typical dwellings, and on interior noise levels
due to road traffic, was very evident in submissions made to
the recent public enquiry into the proposed F2 Freeway link-
ing Pennant Hills Road, Beecroft, to Pittwater Road, Ryde,
near Sydney [Commissioners of Enquiry, May, 1990;

July,1990]. Just prior to this Enquiry, we had simultaneously
recorded noise at the facade, and in the bedrooms of a
number of suburban dwellings on Pennant Hills Road, Syd-
ney, in the course of research on the effects of noise on
sleep [Carter et. al., 1991). These recordings have the ad-
vantage of being gathered overight (and therefore include
a minimal contribution from human activiies indoors), and
were made continuously over periods of six to eight hours.
‘The indoor microphone was placed in roughly the centre of
the bedroom, and because the people were asleep, would
approximate the noise exposure experienced by them for
probably the longest single period of their day.

This paper summarises the resuits of analysing these indoor
and outdoor noise recordings, and compares the results
with (@) recent estimates of outdoor/indoor traffic noise at-
tenuation, and (b) suggested acceptable levels of traffic
noise for sleeping areas, discussed in the reports of the
Comission of Enquiry into the proposed F2 Freeway, Syd-
ney, [1990),

2. INSTRUMENTATION AND METHOD

2.1. Study Location

Pennant Hills Road was selected for the study because of
its high annual average daily trafiic volume (AADT), of
35,000 vehicles [Department of Main Roads, 1983], much of
it during the night and early hours of the morning, because
of the high proportion of heavy vehicles in this traffic, and
because the road is lined for most of its length by single
family dwellings. These dwellings are predominantly brick
veneer or double brick bungalows with tiled roofing, al-
though there are also a number of timber and fibro homes.
Most were constructed since 1945. The road traverses low
hills, and has a number of intersections with traffic lights.
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2.2. Noise Recording

A Bruel and Kjaer Type 4921 outdoor microphone system
was placed between the houses and the roadway such that
the microphone was at the centre position of the bedroom
window and one metre from it, in accordance with Aus-
tralian Standard AS 2702 [1984]. The output of the micro-
phone system was fed through a slightly opened window to
a high fidelity audio channel of a National Panasonic Type
AG6800 video recorder, mounted in a rack placed in a
room adjacent to the bedroom. The high fidelity channels
had a frequency response of 20 Hz-20 kHz, and a signal to
noise ratio of 43 dB. Calibration of the outdoor noise re-
cordings used the microphone system's internal calibrator.
This tone (1000 Hz at 86 dB) was recorded on the video
tape prior to commencing recording.

‘The indoor microphone system used a Bruel and Kjaer half-
inch condenser microphone Type 4165 and Bruel and Kjaer
Type 2204 sound level meter (SLM). The SLM and micro-
phone were mounted on a tripod, placed at the foot of the
bed at a height of 1.2 metres from the floor, and pointed to-
ward the bedroom window nearest to the outdoor micro-
phone. The output of the SLM was fed to the second high fi-
delity audio channel of the video recorder. A reference tone
from a Bruel and Kjaer pistonphone Type 4220 was re-
corded on the tape, prior to noise recording.

2.3. Video Recording of the Traffic

The passing traffic was videotaped by means of a black and
white video camera (National Panasonic Type 1460N, with
Cosmicar *auto iris" lens) in a Molynx environmental hous-
ing. The camera was mounted on  telescopic mast on top
of a van, parked in the driveway of each house. The power
supply of the camera was installed in the instrumentation
rack in the house, and the output of the camera fed to the
video recorders in the same rack.

2.4.Timing of Recordings For Subsequent Analysis
The reference time, Time Zero' (To), for all recorded signals
was derived from the square wave calibration pulses gener-
ated by the Holter (cardiac) monitor (fitted to the subject) at
the outset of its recording.

National Panasonics Type AG-6800 video recorders are ca-
pable of recording for a maximum of four hours. To enable
recording for eight hours, a timer switched a second re-
corder to record mode at a time preset by the experimenter.

3. DATA REDUCTION

3.1. Traffic Volume and Composition

Six of the nine nights' video recordings of traffic passing the
houses were replayed. The numbers of vehicles of each of
several types were counted for each 15-minute period of the
night. The classification was based on the method given in
Australian Standard 2702 [1984]. Figure 1 of this Standard
classifies vehicles into 12 types, but because of the poor
light it was not possible to distinguish all of these types re-
liably, and our classification was restricted to three cat-
egories. These were () motor cycles; (i) cars, vans and
light trucks (AS 2702 Types () to (ii); and (ii) Buses,
trucks and semi-trailers (AS 2702 categories (V) to (vi).

3.2. Noise Data Reduction

The noise recordings were analysed by replaying the tapes
into a Metrosonics db 604 Sound Level Analyser, controlled
by a PDP-11 computer.

Two types of analysis (Multiple Interval' and ‘Single Event'
analyses) were carried out of the indoor and outdoor noise

channels in separate replays of the tapes, making a total of
four analyses of each night.

In the Multiple Interval' analyses the Sound Level Analyser
was programmed 10 109 Leq, Lmax, Lok, Loo, L1o, and Ly, in
dBA, in each 20-second interval of the night. In these anal-
yses Lmax_is the maximum value of Leq(1/16 second) reg-
istered during each 20-second interval. Ly is the maximum
instantaneous sound level observed in each 20-second in-
terval when no exponential averaging time constant is used.

In the 'Single Event' analyses the Sound Level Analyser
logged every noise event that exceeded a preset level for 2
seconds or more. Onset time in seconds from To, duration
above 'threshold’ (in seconds), Laeq, SENEL (Single Event
Noise Exposure Level, or Laeq normalised to a duration of
one second), and Lagk were recorded for each event.

4. RESULTS

4.1, Traffic Volume and Mix

Figure 1 plots the total number of vehicles, and the total
number of heavy vehicles, in each 15-minute period of the
night from about 10 p.m. to 6.30 a.m., averaged over six of
the test nights. As can be seen from Figure 1, traffic density
ranged from 500-750 vehicles per hour between 10 p.m.
and midnight, fell to about 150 in the early hours of the
morning and then increased sharply to reach about 700 ve-
hicles per hour between 5 and 6 am. The standard de-
viation (SD) of the total number of vehicles (shown in Figure
1) ranged from 5.6 to 127.2, for 15-minute intervals from 11
p.m. 10 5.45 am., with an average SD of 25.1. The average
SD for heavy vehicles (HVs, our category (ii)) per 15-minute
interval was 12.3.

The percentage HVs ranged from 10% at about 11 p.m. to
60% of all traffic between 3 and 5 a.m.
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Figure 1. Means, and standard deviations above and below the
means, of the numbers of vehicles (all types), and mean numbers of
heavy vehicles (HVs) in successive 15-minute itervals from 22.00
‘hours. The counts were made from video recordings on six separ-
ate nights at six different locations on Pennant Hills Road.

4.2. Multiple Interval Noise Analyses

4.2.1. Intercorrelation of Noise Measurements

As a check on the reliability of the noise measurements, and
o verify that indoor measurements were determined mainly
from environmental sources and not from sources within the
home, the resdlts of the Multiple Interval analyses of indoor
and outdoor channels were correlated separately for each
subject/night, and for each type of noise measurement. If
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such intercorrelations are high, it can be assumed that the
indoor and outdoor recordings and analyses were reliable,
since any errors in the (independent) microphone systems,
or in the Sound Level Analyser/PDP-11 analyses would be
uncorrelated. Depending on the subject/location, 1257 to
1390 pairs of data points, corresponding to each 20-second
interval of the night, were the basis for each correlation co-
efficient.

The correlation between Laeq, Lamax, Lapk, Lasa, Lato and
La1 measured outdoors and indoors averaged 0.88, 0.80,
069, 0.90, 0.90, and 0.84 respectively, for subjects with
windows open, confirming the reliability of the data. As
might have been expected, similar correlations for subjects
with windows closed were lower, averaging 0.51, 0.43, 031,
051,057, and 0.49.

4.2.2. 15-Minute Multiple Interval Data - Outdoor Noise
The data consist, on average, of 1366 values, one for each
20-second interval of the night, for each of six noise var-
iables, and for each of nine measurement locations on Pen-
nant Hills Road. These 20-second interval data for each
subject were combined in successive 15-minute intervals
throughout the night.

For each subjectlocation the 15-minute Laeq were derived
from the 20-sec Laeq data using the equation:

N
LiaeqL) = 1010g10 ["q z‘m" ‘L“‘“-"'] dB(A) (1)
=

where L(aeq.T) is the Laog for the ith 20-second interval, etc.

15-minute Lamax and Lag were obtained by taking the high-
st Lamax and Lag values in the 45 20-second intervals of
each 15-minute interval. The 15-minute Laso, Lato and Lay
are the means of the 45 20-second Lago, Lato and La; val-
ues respectively, in each 15-minutes.

The mean 15-minute outdoor Laeq, Lamax. Lapk. Lago, Lato.
and Lay, averaged over all nine subjectlocations, are plot-
ted i Figures 2(a) 10 2().

4.2.3. 15-Minute Multiple Interval Data - Indoor Noise
Similar anal made of the indoor noise recordings.
‘The means (across subjects) of the 15-minute multiple inter-
val noise measurements for the seven bedrooms with win-
dows open (derived from 20-second Laeq, Lamax, Lapk, LAso.
Unto, and L) are aiso plotted in Figures 22 16 200

4.3. Single Event Analyses
The number of outdoor noise events in each hour which ex-
ceeded 70 dBA for two seconds or more was averaged over
the nine subjectnights. The maximum and minimum num-
of events were also calculated. Similar statistics were
calculated for indoor noise sven(s ‘exceeding 50 BA for two
seconds or more, separately for those locations with win-
dows apen, and closed. The resuls of thass calculaions
are given in Table 1.
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Var | 202 | vse | 95 | 67 [ 75 [ 05 [ 438 | i7r
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Table 1. Mean, minimum and maximum number of noise events ex-

ceeding 70 dBA outdoors for two seconds or more, across nine lo-

cations. Simiar data are given for nofse events exceeding 50 d5A

dBA at

e ocations with widows closoe. Data rs o eacn hour f
‘night after lights out (Tg).

4.4. Outdoor/Indoor Attenuation

For each subjectlocation the outdoor/indoor noise attenua-
tion in Lasq, Lamax. Lagk. Laso, Lato, and Lay was calculated
by subtracting the indoor from the corresponding outdoor
measurements for each 20-second interval, and taking the
mean of the (on average 1366) differences. The results are
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givenin Table 2. This Table also gives th ttenuati 8
for each measure, separately Tor sub]ect/\ocauons with win- 21
dows open and closed.
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Table 2. attenuation for each

and each subject location. Each value is the mean of the
difterences between noise measurements in c. 1366 20-second
intervals of the night.

4.5. Relations Between Noise, and Noise and
Tratfic, Measures

As Griefahn [1991] has pointed out, traffic noise can be both
intermittent and continuous, but the demarcation of the two
types of noise has not been established. One way may be
to look at relatively long term measures of traffic noise
which take the difference between ‘average' and 'peak’
measures of noise, and examine their relation to time of
night and traffic conditions. Three such measures are Lato-
eq. Lamax-Lago, and Las-Lago.

Burgess [1978] has shown that simple mathematical re-
lations exist between some commonly used noise measures
such as (outdoor) Leq and Lo for short term (one hour) traf-
fic noise measurements, and suggested that these relations
could vary for different conditions of traffic flow and fre-
quency of heavy vehicles (traffic mix), such as may occur at
night. Brown [1989)] found that the differences between long
term (24-hour) Leq and Lyo were a function of noise level
and that in this case there was no simple translation be-
tween them. However, Leqzen and Lyo,1en were simply re-
lated by :

Lio.1en = Leg2an + 3.5 @

and the long term Lio and Leq values could be approximat-
ed by measuring the maximum one-hour morning values
and subtracting 3 dB.

Some information on the relations between these variables
is available from the present data. Figure 3 plots the differ-
ence between Laeg and Lato (mean outdoor Laeq -Lato) for
each successive15-minute interval of the night from 22.00
10 06.30 hours. A second order polynomial s fitted to these
data. As can be seen from this Figure the difference varies
from about -1.8 to 6 dBA, with the higher values occurring
when the number of vehicles is low and the percent heavy
vehicles, high. Figures 4 and 5 show the relationship of Laeq
~Lato to these two variables. The correlation (2) of Laeq -
Lato With percent heavy vehicles is 0.77, with total number
of vehicles, 0.93. Its correlation with number of heavy ve-
hicles (a fourth order polynomial) was least, at 0.52.

Figure 3. Mean, across nine subject/ocations, of the differences be-
tween Lagq and La1o (0utdoars) in successive 15-minte intervals

of the night.
8
o 6
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Figure 4. The relation between mean Leq-La10 and mean number
of vehicles, in 15-minute intervals.
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Figure 5. Mean Laeq-Lato by percentage heavy vehicles, for each
15-minute interval of the night.

The NSW State Pollution Control Commission (SPCC) has
suggested that the difference between outdoor Lamex and
Lago (Lamax-Lago), should not exceed 15, for satisfactory
sleep [Commissioners of Enquiry Report, Vol. 1]. Figures 6-
9 show the relations between this variable and time of night,
total number of vehicles, number of heavy vehicles and per-
cent heavy vehicles respectively. The difference exceeded
15 dBA in all 15-minute intervals of the night, and was
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greatest when tratffic volume was least. The correlation was
greater with total number of vehicles (r2=.75) than with the
percent heavy vehicles (r2=.67). The mean overnight Lamax-
Lago equalled 35.78.

LAmax-LAS0

30

dBA

LA1-LA90

0 4 8 12 18
15-Min. Interval From 22.00 Hrs.

20 24 28 32 36

Figure 6. Mean Lamax-Lago and mean Las-Lago. for each suc-
cessive 15-minute interval of the night
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Figure 7. Mean Lamax-Lago and mean Las-Lago. by mean
number of vehicles in 15-minute intervals.
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Figure 8. Mean Lamax-Lago and mean Las-Lago. by mean num-
of heavy vehicles in 15-minute intervals.
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Figure 9. Mean Lamax-L g0 and mean La-Lago, by percent heavy
vehicles, in 15-minute intervals.

The SPCC criterion has also been defined in terms of the
difference between La; and Lago. Figures 6-9 also plot the
mean (Lai-Laso) for each 15-minute interval of the night, to-
tal number of vehicles, number of heavy vehicles, and per-
cent heavy vehicles. Again the suggested 15 dBA limit was
exceeded for much of the night, though not by such a large
margin as when it was defined as (Lamax-Laso). The relation
of (Lat-Lago) to the total number of vehicles per quarter hour
was also closer than it was to the percent heavy vehicles
(2=.93 and .46, respectively), and least with number of
heavy vehicles (12=.43). The mean Lat-Laso overnight on
Pennant Hills Road was 18.26 dBA.

5. DISCUSSION

5.1. Outdoor/indoor Noise Attenuation

In the course of the F2 Expressway enquiry the RTA's con-
sultant estimated that outdoor/indoor noise attenuation, with
windows open, would be 10 dBA. Others claimed that the
minimum attenuation would be 5 dBA, quoting studies by
the CSIRO [1978] and the University of Sydney [Mizia and
Fricke, 1983]. The latter data were based on laboratory
tests. Our data, from typical dwelings impacted solely by
traffic noise, indicate that with windows open slightly, the at-
tenuation is of the order of 13-20 dBA when measured in
Lasq. Greater attenuation figures are obtained when meas-
ures which further emphasise the peak or maximum levels
are used. The least attenuation is recorded when the de-
scriptor is background noise level (Laso).

Aside from the descriptor used, the main reasons for the dis-
crepancies between the results of the laboratory studies and
the present study would appear to be the amount the win-
dow was opened, and the position of the microphone in re-
lation to the open window [Fricke, personal communication).
In our study the most the sash was raised was about 15 cm,
and in some cases the window was opened just sufficiently
to admit the cables from the outdoor microphone and video
camera. It is our belief that many people living on busy high-
ways cope with their needs for fresh air and quiet by such a
compromise. Also, the microphone was placed at the foot of
the bed, and roughly in the center of the room, further re-
ducing the measured interior noise levels. The soft fur-
nishings of these bedrooms would also have reduced the in-
terior noise levels sightly

As expected, the outdoor/indoor noise reduction was greater
for the two locations where the windows were closed. The
differences in attenuation between windows open and
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closed locations is less than would have been expected on
the basis of experimental work, even though one of the
rooms was double glazed. The reasons for this have al-
ready been noted. On the other hand it is also clear that the
attenuation value depends also on the type of noise meas-
ure used, which should be borne in mind when translating
indoor noise criteria into outdoor measurements and vice
versa

A less conventional way of looking at outdoor/indoor traffic
noise reduction is by comparing the number of noise
‘events' which exceed 50 dBA indoors with the number of
‘events' exceeding 70 dBA outdoors (i. a difference in lev-
el roughly equal to the maximum outdoor/indoor attenua-
tion). Table 1 shows that for windows open there is a var-
iable, but roughly equivalent number of events exceeding
70 dBA outdoors as there are number of events exceeding
50 dBA indoors, the correspondence being closest in the
early hours of the morning.

Table 1 also shows a dramatic difference between dwellings
with windows open and closed, in the number of noise
events exceeding 50 dBA for two or four seconds. One of
these bedrooms had double glazing, attesting to the ef-
fectiveness of this form of treatment in suppressing the
peak traffic noise events.

5.2. Noise Measures and Traffic Density and Mix
5.2.1. LAeqLATO
The suggestion by Burgess [1978] that the value of Laeq-
Lato may vary with traffic-flow and mix seems to have been
borne out by our Figures 3-5. The traffic variables plotied
against Laeq-Lato are not independent, and their relations
with Laeq-Lato are complex, but 93% of the variance of
Laeq-Lato is accounted for by the total number of vehicles in
ach successive 15-minute interval. The correlation of Lasq-
Laso with sleep disturbance is, of course, unknown.

5.2.2. Lamax-Laso; Lar-Laso

The average values of each of these measures in our data
were very different, but since Lao is frequently used as a
measure of ‘background noise', both measures could be re-
garded as rather coarse and long term estimates of signal
to noise ratio, which Horonjeff et. al. [1982] found was the
main determinant of awakening. In Figure 6 the greatest
LamaxLago Corresponds to those intervals of the night when
traffic volume is lowest (i.e. Laso was low), while Lamas, due
to heavy vehicles, would be relatively constant. Also, Fig-
ure 7 shows that LamaxLago is inversely related to the
number of vehicles per 15-minute interval, presumably be-
cause of an increase in Lago. Again, LamaxLago increases,
and then decreases with number of heavy vehicles per 15-
minutes, but only because of the relation between number
of heavy vehicles and the total number of vehicies. There is
a consistent increase in Lamax-Lago with increasing percent
heavy vehicles (Figure 9), presumably for the same rea-
sons

It would seem that the 15 dBA limit, which the SPCC sug-
gested for an acceptable Lamax-Laso, i either grossly in er-
for, or the night-time noise environment on Pennant Hills
Road is extremely unfavourable to sound sleep.

The pattern of data on Laj-Laio is very similar to that of
Lamax-Lago, and the foregoing comments could be applied
to these data as well, except that La1-Lago is smaller than
Lamax-Lago, and less sensitive to changes in traffic condi-
tions.

5.3. Comparisons With Criteria for Adequate Sleep
The two volumes of ‘noise' submissions to the Commission
of Enquiry into the proposed F2 Expressway, show that
there was considerable disagreement between the parties
concerning night-time noise criteria for adequate  sieep.
These disagreements concerned the noise descriptors to be
used, their relation to day-time noise measurements, the
time period to which they were to be applied, and the per-
centage of people who would be affected. In some cases it
is not clear whether the maximum permissible noise level
applied to short term (e.g. hourly, or 15-minute) measure-
ments made during the period from 10 p.m. (or midnight) to

or 7 am., or to long term measurements over the whole
night. In the following table we compare the various sug-
gested criteria in the Commission's report with noise meas-
ures derived from the present study.
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issic nquiry suge
with noise measures derived from present study.

In the Final Report of the Enqulry into me proposed F2 Free-
way Stage 1, the State Pollution Control Commission was
said to have adopted a mghl ime Traffc Now Lovel (TNL)
criterion (22.00-07.00 hours) of 55 dBA [cf. Hede, 1985].
Our composite Laeq (2200.0700) from nine locations equalled
67.26 dBA, while the number of heavy vehicles per hour av-
eraged 122, 1o give a TNLi2z00.0700) Of 79 dBA. The RTA
(Mizia) also suggested that their criterion, an Lato,1an of 63
dBA, would be equivalent to an overnight Laeq (0utdoors) of
51 dBA. This figure is exceeded by the overnight Lasq_at
the nine locations on Pennant Hills Road by 11-18 dBA. The
SPCC's suggested equivalent of 55 dBA overnight is also
exceeded at all locations.

The 'Single Events' analysis, described above, was intended
to provide measures which could be related to those sug-
gested criteria which place a limit on the peak levels of traf-
fic noise which can be experienced without significant sleep
disturbance. Our single event criteria were somewhat more
generous than the OECD [1986] and WHO [1980) criteria in
that the instantaneous sound level was required to remain
above 50 dBA (indoors) for two seconds or more. Even so
the recommended limit of about 50 dBA peak was exceeded
hundreds of times in the course of the night in all locations
where windows were open, and many times where windows
were closed. Only in the one dwelling where bedroom win-
dows were closed and double glazed was the number of
‘events' reduced to zero in any one hour of the night. Some
research has shown that 20 truck noises of 55 dBA peak in
the first one third of the night impairs sleep [cf. Anderson et
al., 1988]. Our 'Single Event' noise data show that the re-
duction of nightly noise on Pennant Hills Road to anywhere
near this degree of exposure would require extensive acous-
tical treatment of front bedrooms in the area.
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it is not within the scope of this report to discuss the bases
of proposed noise criteria for adequate sleep. There is
clearly, however, dissatisfaction with current criteria, and no
basis for supposing that given levels will be sufficient for all,
or even say, 90%, of people to get adequate sleep. There is
also lttle basis for judgements of whether less than optimal
sleep will have long term effects on health. Nevertheless it
is apparent that some sleep criteria, for example those us-
ing Las-Laso, are not very closely related to the number or
percent heavy vehicles, which are claimed to be major fac-
tors in sleep disturbance. It is also clear that noise measure-
ments, and the relations between them, vary with changing
traffic conditions during the night, making overnight single
number criteria for sleep rather suspect.
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Noise Levels In Hospital Intensive Care Areas
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1. INTRODUCTION

Intensive care units (ICUs) in hospitals are used for patients
who are critically ll, or who need constant monitoring. As
such, the health and well being of the patient should be a
prime consideration. Studies of the noise i hospitals in oth-
er countries have shown that, while not at a level likely to
cause hearing damage, the noise levels in many areas, in-
cluding ICUs, can be very high [e.g. 1,2). In view of the im-
portance of all aspects of the ICU environment, a study was
undertaken to monitor and identify the noise levels in the
ICU in an Australian hospital, namely Royal Canberra Hos-
pital in the ACT. The main sources of noise were identified,
the levels were compared with those reported in the lt-
erature and some recommendations for reducing the noise
are presented

2. NOISE AND HEALTH

Hearing loss is the most obvious effect of high levels of
noise on humans. The legislation in most States of Aus-
tralia identifies the limits above which some form of hearing
protection must be provided as a continuous 8-hour level of
90 dB(A), (85 dB(A) in ACT (3]) or a single event having
maximum level of 115 dB(A) or peak level of 140 dB.

While there is litle evidence that noise has been the cause
of permanent physical iliness, apart from hearing loss, there
is considerable evidence for a variety of physiological and
psychological effects [4]. These effects are similar to those
of other stressors in the environment and include alterations.
of the endocrine, cardiovascular and neurological functions.
There is a reduction in significance of these effects if either
the noise stops, or it continues and is accepted as part of
the environment.

The effects of noise on sleep cycles for hospital patients
has been examined by Snyder-Halpern [2], with particular
reference to the noise produced in critical care units. Snyd-
er-Halper conciuded that the physical and psychological al-
terations, which can occur when noise interferes with sleep,
could compound existing physiochemical and behavioural
psychological problems for patients in critical care units.

While an individual may habituate to a continuous noise, a
sudden loud or unexpected noise produces various physio-
logical effects. These relate to the "fight or fight" or "startle"
reaction and include changes in the cardiovascular, res-
piratory and digestive systems.

A patient in an ICU is particularly vulnerable to  stressors

Abstract: This paper presents results of noise level measurements in an intensive care unit. The levels
were unlikely to cause hearing damage but were higher than recommended for the type of space. Many
of the short duration noises were generated by people, both staff and visitors, and simple measures to
reduce these noises are suggested.

and consequently the aim should be to minimise such fac-
tors in the environment. For noise this implies that the ambi-
ent, or background noise levels, ie that determined by the
continuously operating equipment, should be at an accept-
able level. A recommended design sound level for ICUs of
40 dB(A), with a maximum of 45 dB(A), is given in an Aus-
tralian Standard [5]. In addition to control of the continuous
noise, the magnitude and occurrence of short duration nois-
es which are likely to produce the "startle" effect should be
minimised.

3. MEASUREMENT PROCEDURE

The ICU at Royal Canberra Hospital comprised nine acute
care beds with provision for expansion o twelve. Most ad-
missions were post trauma but post surgical, neurology and
thoracic cases were frequently stabilised prior to ward trans-
fer.

The noise levels were monitored at six locations within the
ICU. The measuring instrumentation included a Bruel &
Kjaer microphone, type 4133, measuring amplifier, type
2606 and level recorder, type 2305. The performance
check was made with the aid of a Bruel & Kjaer calibrator,
type 4230 and spot measurements were made with a Bruel
& Kjaer sound level meter, type 2203.

Available locations for the microphone were limited as work
flow disruption had to be avoided. At three locations the mi-
crophone was 1.2 m above the floor and 1 m from the walls.
One location was on a curtain rail above a bed (2.5 m from
the fioor) and another location was in the vicinity of the ad-
ministration desk (2 m from the floor and 1 m from the
desk). Prior to each monitoring session the performance of
the instrumentation was checked with the portable calibrator
and the sensitivity of the measuring amplifier was adjusted
to the appropriate range for the sound levels in the area.

At five locations the noise was monitored for 24 hours and
for 12 hours at the sixth location. During active monitoring
periods, which were from 10 to 90 minutes, the source of in-
dividual peak levels were identified on the paper chart. The
noise levels during these active monitoring periods were
compared with the levels during the remainder of the time to
ensure they were representative of the noise in the area. A
typical chart with annotations is shown in Figure 1. The
sound level meter was used to make spot measurements at
various points in the area to check the variation of noise
throughout the space.

Vol 20 No. 2 - 56

Acoustics Australia



Trolley
Dust Bin

Curtain rail

Dust Bin

SOUND PRESSURE LEVEL , dB (A)

TIME ,
Figure 1 Noise levels monitored at a typical position n the ICU

4. RESULTS

4.1 Range of Noise Levels

The first thing noted was the high ambient noise level, (see
Figure 1) to which the peaks from other short duration
sounds were added. This continuous noise was essentially
broadband and produced by the operation of equipment in
the room. For example the “ailife" nebuliser, which sup-
plies a constant supply of air blended with oxygen to a set
oxygen concentration nebulised with water, and the cooling
blankets which use a temperature controlled water pump.
With this equipment operating the ambient levels were in
excess of 50 dB(A). On the few occasions that the equip-
ment was tumed off the ambient level dropped by at least
10 dB(A). Comparison can be made with the recommended
design sound level of 40 dB(A) (maximum 45 dB(A) for ICU
areas given in the Australian Standard (5).

Monsodag Lsion

(=TI C=Ta Py ey Fray fomrery
Corer |G| Cornr
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Table 1 Range of noise levels, in dB(A), at the six locations
in the ICU

Typca mimn (9190 (5336 [s0%6  [7550 |90

mins

A summary of the noise levels monitored in each of the loca-
tions is given in Table 1. Some specific noise levels are lst-
edin Table 2, aso illustrated on Figure 1. The specific nois-
es could be divided into three main categories: people,
equipment and room furniture.

4.2 Noise Generated by People

The noises generated by people comprised those from pa-
tients, staff and visitors. With the exception of coughs, the
highest noise levels in this category were from voices and
these were commonly in the 70 to 76 dB(A) range.

4.3 Noise Generated by Equipment

There is a variety of equipment used in ICUs. Some oper-
ates almost continuously and provides the baseline, or am-
bient noise levels. The “ailife’ nebuliser and the cooling
blankets were found o produce levels in excess of 50 dB(A)
even at the room corner locations. The levels from the op-
eration of intravenous infusion pumps ranged from 68 to 74
dB(A). The short duration, repetitive alarm signals, such as
the apnea alarm and the ECG monitors, were from 73 to 79
dB(A). For some patients these alarms would be activated
on aregular basis.

4.4 Noise Generated by Room Furniture

The noise levels from movements of room furniture were as
high as 80 dB(A) when plastic chairs were being moved
around and even 85 GB(A) when a garbage bin was being
moved. Simple tasks, such as bed winding and use of a
mop bucket, produced noise levels from 67 to 79 dB(A)
The noise from other routine tasks such as disposing of
used needles and other sharp objects, tearing paper from
monitors, wheeling a trolley, dropping a cup, were common-
Iy 10 to 20 dB(A) above the ambient noise levels of the con-

with Other Studies

Table 2. Some typical maximum noise levels, in terms of
dB(A), in room 6. Note that the levels were not measured
‘simultaneously in the two locations.

The noise levels measured in the ICU for this study are sim-
ilar to those reported in the literature. For example, Hilton
(1] found that in the ICUs of smaller and larger hospitals the
equivalent sound energy level was commonly 40 to 50 dB(A)
and 50 - 60 dB(A) respectively. The range of sound levels
for specific sources showed quite a range, depending on the
location, however the maximurn levels were similar to those
found in his study, eg monitor alarm 78 dB(A), garbage cans
moved 83 dB(A), drawers opened/closed 75 dB(A), curtains
openediclosed 70 dB(A). Hilton also found that more than
half the talking occurred at levels greater than 60 dB(A).

Typical Maximum Noise
Source Levels, dB(A)
Near Corner | Above Bed
Voices 1076 tinuously operating machinery.
Intercom 69-70 7477
Apneaalarm 7 7379 45 C
ECG Monitor 75 6978
Disposal of used needles 67-69
Moving of plastic chairs 75-80 7280
i i 72 7
Bed winding 6119 -
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5. DISCUSSION

It is surprising to find such high noise levels in an ICU; an
area where the wellbeing of a patient should be the prime
consideration. Anecdotal responses by patients and staff to
unstructured enquiries about the noise in the ICU included "I
stil hear noises ringing in my head after going home",
*..can' hear yourself think" and "everyone knows the ICU is
noisy". The one positive response was that patients, staff
and visitors can be reassured that the equipment is oper-
ating.

When an item, such as the “airife" nebuliser, was operating
continuously, the ambient noise levels were well in excess
of the recommended noise levels for ICU areas given in the
Australian Standard [5]. The design of these machines
should be carefully examined with a view to reducing the
noise levels.

The use of raised voices may be due to the high back-
ground noise levels, to the perception that a patient con-
nected to a machine may not be able to hear clearly and to
the consideration that the patient may be hard of hearing.
For both the staff and visitors, some form of education cam-
paign i required to ensure that the voices are not raised to
levels higher than absolutely necessary for communication.
A normal voice level is considered to be about 60 dB(4) at 1
m [7). For staff, the education can be part of in-service
training with appropriate reinforcement during normal work-
ing times. The education of visitors to avoid using raised
voices would have to be in the form of a publicity campaign.
The therapeutic benefits of a quiet environment could be in-
cluded in the “Visitor Information Booklet" and *Quiet
Please" signs could be prominently displayed.

Even though most alarms have adjustable sound levels, the
warning and alarm signals were more than 20 dB(A) above
the ambient noise levels. Current nursing practice, which
ensures that a person is within each of the ICU wards at all
times, removes any justification for such loud signals. A
carefully designed alarm signal should be perceived, due to
its particular characteristics, even if the level is close to that
of the ambient level in the area. Other equipment which
was shown to produce high levels of noise should be care-
fully examined with a view to applying noise reducing meth-
ods without affecting the function o the item. As mentioned
by Hilton (6], a hospital purchasing policy which stipulates
the maximum sound power or sound pressure levels from
items would provide the incentive for the manufacturers to
apply noise reducing principles to the items.

For general activities in the unit, much can be done to re-
duce the potential for the production of high levels of noise.
For example; regular servicing could reduce the noise from
some items such as bed winding mechanisms, buffers could
be installed to minimise impact noise, trolleys could be de-
signed to reduce vibration and noise, quieter floor cleaning
machinery could be used. One factor contributing to the
high noise levels throughout the ICU was the presence of

predominantly sound reflecting surfaces. The introduction
of carpet and sound absorbing material on the walls and
ceiling would help to reduce the reverberant sound field but
the cleaning requirements may limit the use of these materi-
als.  Attention should be given to the use of acceptable
sound absorbing materials, for example with a disposable
outer covering.

An education and publicity campaign could reduce the pro-
duction of other types of “furniture* noises such as dragging
chairs, disposing of items, banging of doors etc. Such a
campaign could be similar to that outined above for re-
ducing the noise from voices. The important factor in these
campaigns is to raise the awareness of the the staff and vis-
itors to the noise they are producing.

6. CONCLUSIONS

While the noise levels in the intensive care wards at Can-
berra Hospital were unlikely to lead to hearing damage, the
levels were much higher than those recommended for these
types of areas. The first step in reducing the noise levels is
1o identify the main sources and adopt strategies for dealing
with each of them. As many of the noises are generated by
people, there are many simple measures which could be
adopted to raise the awareness of staff and visitors and to
minimise the noise levels. It is often difficult and expensive
to modify existing equipment; it is usually more efficient to
deal with the potential noise problem at the design stage. A
purchasing policy which specifies the maximum sound lev-
els from machines could be used to encourage manufactur-
ers to incorporate noise reducing measures in their equip-
ment.
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Pattern Recognition Applied to Transients

Robert W. Harris

CSIRO Division of Geomechanics
Lucas Heights Research Laboratories
NSW Australia

sients will be described.

1. INTRODUCTION

Many of the signals obtained in the studies of noise and vi-
bration are transient in nature. An investigator is then faced
with the task of determining whether there is some pattern
or trend associated with the observed data. Often an at-
tempt to do this in a qualitative way is by observing the sig-
nals directly and using acquired knowledge and experience
to delineate the possible different types of signals. The sig-
nals may be shifted into the frequency domain and visual
observation is again used to delineate any groupings
among the signals. These approaches can work but are
very labour intensive and require considerable expertise be-
ing acquired by the investigator.

The other approach is to develop processing schemes
which make it easier to separate the signals into different
categories. The processing may be as simple as finding two
sensitive variables which can then be plotted; the use of
more sophisticated schemes operating on ‘feature vectors’;
or the use of artificial neural networks. An approach which is
presented in this paper involves the plotting of two sensitive
variable, however first a survey of some other approaches
will be presented.

2. PATTERN RECOGNITION

Much patter recognition involves the construction of a fea-
ture vector which is then passed to a computer program
which operates on the components of the feature vector to
produce some form of display where different events are ev-
idenced by a clustering in the plotted information [1,2,3].
The choice of parameters to use in the feature vector can
be somewhat arbitrary although some ideas about the origin
of the waveforms can assist in this decision process. The
parameters that may be used include from the time domain
the peak value, rise time, mean, standard deviation, and
higher order statistical moments. Parameters from the fre-
quency domain include the position and energy associated
with dominant peaks in the power spectral density and the
energy associated with specific bands of frequencies. The
parameters in the feature- vector are then transformed usu-
ally by incorporating them into piynomials so that a plot can
be producing to examine the clustering of different types of
events.

3. ARTIFICIAL NEURAL NETWORKS

If a range of signals are available which have already been
classified, then parameters computed from those signals
can be fed into a computer engine referred to as an arificial
neural network. These inputs together with the known out-

ABSTRACT: The extraction of meaningful information from recorded signals involves some form of
processing and then the search for a pattern in the processed data. After a short review of some
standard pattern recognition approaches a technique which can be uselul in the analysis of tran-

comes (classifications) will initate a learning process within
the network so that when a given set of inputs are provided
then a classification will occur [4,5). This approach requires
data which may not always be available, so that the network
can be trained, however there are variants of this approach
which can do some pattern recognition even when the out-
comes are not known.

4. PROPOSED SIMPLE SCHEME

The application of some physical insights should provide
two parameters which can be plotted and allow different cat-
egories of transient events to be identified from the clus-
tering that occurs and also identify events which are sig-
nificantly different from the majority. A microseismic
monitoring station gave a series of transients and some idea
of the range of waveforms observed is given in Figures 1 and
2 which show dissimilar waveforms.

Evidently the peak amplitude of the pulse is an important pa-
rameter but also the total energy in the pulse which is repre-
sented in the variance (mean square about the mear) is im-
portant since some pulses may have high ampliitudes but
low energy contents and vice versa. This observation leads
to the use of one non-dimensional parameter which is the
ratio of the peak value to the standard eviation (ms about
the mean). Short duration high amplitude transients will
have large values for this parameter while lower amplitude
and longer duration transients wil have lower values. This
parameter being non-dimensional does not depend on the
system gains employe

Some measure associated with the power spectral density
will be significant since the frequency content of the pulses
may be different. Using the concepts of statistics and ap-
plying them to the power spectral densities can yield single
values indicative of the behaviour in the frequency domain.
The parameter chosen is the average frequency which is
computed by weighting each frequency value by the value
of the power spectral density at that frequency and then di-
viding the sum of these weighted frequencies by the sum of
all the power spectral density values. The average fre-
quency is also independent of the system gains.

Plotting the average frequency against the ratio of peak val-
ue to standard deviation for the data from the microseismic
monitoring station yields the graph of Figure 3. There is
strong evidence of some clustering in this graph so that cat-
egorisation of the transients has occurred. The choice of pa-
rameters is not unique however the combination chosen
does produce clustering and the reasons for the choice of
the parameters do have some physical basis and can be
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Figure 1. Waveform obtained from seismic monitor.

Figure 2. Difterent waveform obtained from seismic monitor.
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Figure 3. Pattern recognition plot for seismic monitoring.
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Figure 5. Pattern recognition plot for other seismic

fairly readily implemented.

‘The evidence of clustering s also apparent in data obtained
from monitoring the vibration and acoustic emission as-
sociated with a bridge (Figure 4) and seismic data from a
different installation where the transducer had a higher fre-
quency response (Figure 5).

Figure 4. Pattern recognition plot for bridge monitoring.

5. CONCLUSIONS

Although sophisticated schemes for pattern recognition are
available, the use of some physical insights can provide
sets of suitable parameters that can be plotted and used to
characterize transients.
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Speeches In Parliament
Since the opening of the new Parliament
House in Canberra, there have been com-
plaints about difficulties in hearing the speakers
in the main chambers. Each member has a mi-
crophone  and the principle of operation for the:
system is that only the microphone for the
member identified by the Speaker of the Cham-
ber is activated. The maximum reinforcement
signal then comes from the loudspeaker group
closest to that member to achieve direc-
tionalty. The original speech reinforcement
‘system comprised 8 groups of 4 column -
speakers suspended the ceiling in the
central area of each of the chambers.  The
maximum output of the loudspeakers was limit-
ed to control the inevitable problems with
from such an arangement. This led to

problems with hearing the words from the
members, particularly on the other side of the
chamber. The design and placement of the
loudspeakers also led to uneven distribution of
the sound throughout the chamber. To over-
come these problems new sound systems
have been designed and one has been in-

lled in the Senate with plans for the in-
stallation of the second in the House of Repre-
sentatives.

‘The ACT Group was privileged to inspect both
the curent and the new systems during a tech-
nical vist in May. Bert Gonzalez from the
Sound and Vision Office of Parliament House
led the inspection which included the unique
pportuy forthe grop 10wl arund bt
of the Chambers thus experiencing the “old"
e ” ystoms. Techica saf 2
sisted Bert to demonstrate the various features
of the systes.

Therave s o achchaber corrises 4
amays each with 20 lo
speaker array has been designed o pnwms
‘maximum signal to the other side of the cham-
ber with minmal amount going in the direction
of the actvated microphone. Thus 14 speak-
form the min part of the, column with only
6 speakers, having much lower ampification,
providing reinforcement down in the areas near
the activated microphone. This feature mini-
mises the problems with feedback v the ac-
tivated microphone without greatly limiting the
amount of amplification that can be achieved.
The orientation of the arrays has been carefully
designed to provide an even distibution of the
sound. As part of the new installation 200 new
microphones wil have been installed in the

chambers along with new ampliiers with active
cross over networks to dive the new loud-
speakers. While a person activates the micro-
phone for the nominated member who is
‘speaking, the computer then takes over to bal-
ance the signal ffom each of the loudspeaker
anays

The system in the Senate is being carefully
evaluated by staff from the Sound and Vision
Offce, with comprel st
measurements, before a simiar system is in-
stalled in the larger House of Representatives.
‘The comments from the polticians, the main
users for which the system was esigned, have
indicated satisfaction. The gallery areas also
receive an improved signal so that the visitors
can follow the discussions in the Chamber

Merion Burgess
* * *

Post Graduate Course
The School of Mechanical & Mamlamunng En
gineering at the University of

has recently released mls olwmw
grammes for postgraduate studies in Noise and
Vibration commencing in 1993. The Graduate
Diploma program is for one-year, full-time and
comprises course work only. The one-year full-
time Master of Engineering Science involves.
both course work and a pvo}ecl, ‘The subjects
include Fundamentals of Noise, Fundamentals
of Vibration, Fundamentals of Noise and Vibra-
tion Measurement, Advanced Noise, Advanced
Vibration, Environmental Noise and Building
Acoustics.

Further information: Assoc Prof Kerrie Eyms
School - Mechanical

Mines Teamg and Research

Station, Goodr
Q6 wih Wy Stwart 8ell 35 0o’ chl -
vestigator. This pmlm aims to determine the
effectof hearing protection in underground min-
ers perception of mine roof tak.
 hgrant of$150000 o a e yoar sy on
*Reroft Techniques for the Control
Noise n the Sheet Meta Industry* hen i s
undertaken by the Acoustcs and Vibration Cen-
tre at the Australian Defence Force Academy
(part of the University of NSW) in Canberra.
The chief investigator is Dr Hugh Willamson
and the project is being undertaken jointly with
Lysaght Buiding Industries who re providing
considerable support forthe project.
+ A grant of $55,000 to the Austraian Coal In-
dustry Research Laboratory, Booval, Qid repre-
sents a one year contribution 10 a 2year 3
month project on *Managing Noise Em
and Expostres in Underground Coal Mining’,
“The other support forthe project i derived from
2 National Energy R Development and
Demonstration Project Grant and the chief in-
vestigator is Mr Adrian O'Malley.

* * *

B & K Golden Jubilee

In 1942 Per Bruel and Viggo Kjaer joined forc-
es in a small town north of Copenhagen, Den-
mat, {0 form an eleconis company. Five
years later, a new partner, Holger Nielsen,
oined the company. In 1992 their drea of hav-
ing one of the world'sleading electronics com-
panies has come true. Bruel & Kjaer exporls to
almost every country in the world and their
product range includes over 200 instruments.
Congratiatonson achieving a Golden Jubiee.

gineering, Umwlsﬂy NSW, PO Bos 1 Konsing.
fon NSW 2003 Tel (02) 697 4163 Fax (02)
663 1222.

* * *

Standards

released American National Stan-
dards include Maximum pemlrssrble Ammem
Audiometric Te

(ANSI $3.1-1991), and Spscmealmn i
sonal Noise Dosimeters, (ANSI $1.25-1991).
Detais: ASA Standards Secretariat, 335 East
45th S, New York, New York 10017-3483,
USA.

* * *

Worksafe Aust Grants
Three research projects on topics related to
noise induced hearing loss have recently been
awarded grants from Worksafe Australia.

* A grant of $100,000 is for a one year study
on “Frequency Characterisation of Roof Talk
and Derivation of Suitable Hearing Protection
Parameters' to be undertaken at the Safety in

*

Corrections

1. Omissions from Article by
Erik Jansson:

“Aoousical eszuremerds of Qusly R Vi

olins and a

Rooustes Ausialis Vol 20 No 1 At 1992 pp

11415,

We apologise for the inadvertent omission of
the lower parts of Figures 3, 4 and 5. The com-
plte articl has been reprinted with correctons,
copies of which are avaiable from Mrs Leigh
Wallbank (Business Manager, see contents
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page) or the author
2. Incorrect People Item

On p 30 of the Apri 1992 issue of Acoustics
Austraia he item concerning the ACEA Highly
Commended Award for the preparation of an

Environmental Impact Statement for the pro-
posed Tomago Ak Srlr Exgarsion
was incorrectly credit onin & As-

sociates Ply Lid. oy mimsn( o v
was in fact Crooks Michel Peacock Stewart
Pty Ltd of Sydney. We offer our apologies for
this eror,

* * *

Internoise 93
INTERNOISE 93 will be held in Leuven from
24 10 26 August 1993, The theme of this con-
ference will be “People Versus Noise'. The
call for papers has been released and ab-
stracts must be received by the organisers no
later -than 15 December 1992.  Abstracts
sneum be apnmx 250 words and submitted
available from
Ihe seovevannl
Details: INTER-NOISE 93, TI-K VIV, Dssgur‘nlsr
214, BzmaAnrwewen Belgmm el (32) 32
160996 Fax (32) 32 16

* * *

Conference Proceedings
Three Sound Intensity Conference Pro-
ceedings are available from INCE: 1981 - Re-
cent Developments in Acoustic Intensity Meas-
urement, 1 mati

on Acoustic Intensity and 1990 - Structural In-
tensity and Vibrational Energy Flow. Copies of
the proceedings for all Concemmes are avail-
auevaaspmlp |5omususs5s
for air mai). pmeedmgs the 1
Conference only are available for US$100
(plus USS23 for air mai).  Intemoise 91 Pro-
ceedings. we avallahle for USS130 (plus
US$45 for.

Omers fmm Inlemalmnn! Noise Control Foun-

Selby

Selby Scientific & Medical are now the
‘agents for the Quest range of Sound Level Me-
ters, Noise Dosimeters and Heat Stress Mon-

ofers the industrial hygenists and envion-
mental market

Further information: Selby Scientfc & Medica,
Private Bag 24 Mulgrave Nth Vic 3170 , Tel:
(09 544 4644 [m 15 8%) Fax. (05 549

* * *

Audio 0z
Audio Oz are now the agents for the Na-
kamichi range of prelesslonal recording equip-
s both two and three
head professional cauune decks and the ad-
inced DAT recorder.

information: Audio 0z, 137 Moray St
S Nelboume v 5308 7o (03) 696 5690
Fax: (03) 696 5691

* * *

New Company

Technology Integration Inc has opened a
branch office in Australia. The new company is
called Technology Integration Australia and
the manager is John Vestergaard. The com-
pany will promote and provide after sales ser-
vice for TIl ANOMS, a software and hardware
package for airport noise and operations mon-
itoring systems.

Further  information: Tmna»agy lmegrztmn
Australia, 37 Benwerrin Drive, Bur

Vm GISV Tel:(03) 803 5944 an (03) 50:?

Peapte. ..

Branch, Pough-
s Y i U8k
NEW MEMBERS
PRACTICAL ACOUSTIC SOLUTIONS. | i admissions
AAS Annual Conference
Bl Vitors We have pleasure in welcoming the folowing
h Who have been aditted 1o the grade of Sub-
26:27 November 1992 scrber while awaiting grading by the Counci
On behalf of the organising committee, | | Standing Comittee on Membership.
hope that as many members and inter- | New South Wales
ested friends may be able to | MrD M Eager, Or E L LePagy
Shend o 1682 Annual Corferonce in | Mo K Maaseh, AProf  H del Denmart)

lovely old Balarat on November 26th and
27th'in a rural seting just 110km from
Melboure.
With an aimost full compliment of papers
promised, we are assured of a very suc-
cessful conference but only if you make
the effor. Keep your eye out for the next
brochure in September, containing al the
detais - ook forward to seeing you there !
John Upton, Convenor

P.0. Box 233 Moonee Ponds VIC 3039

Ph: (03) 3707666 Fax: (03) 3700332

South Australia
Mr WL Huson

Victoria
Mr'S Camp, Mr N G Cltterbuck,

Mr K Davidson, Mr T M Marks

+Graded

We welcome the folowing new members
whose gradings have now been approved.
Student

Victoria
Mr O Church, Mr A S Keil, Mr R H Mills,
Mr G Paolucci

Subscriber
New South Wales
MrM J Harrison

Member
New South Wales
MrRJ Sleeman
Queensland
N F C A Gattegno
* * *

New General Manager
Bradford Insulation, a wholly owned sub-
sidiary of CSR, has appinted Mr Peter Cum-
mins as its new General Manager.
Prior to his appointment Mr Cummins was Gen-
eral Manager of CSR Hebe), a joint venture
company between CSR Ltd and West German
‘concrete manufacturer, Hebel.
In his new position Mr Cummins will oversee
Bradfor Insulation's opelshols in Australia,
and Malaysia which employs about
10,000 staff.

i
:

At the March meeting of the Victorian Division
David Watkins, from the EPA Policy Division,
spake on the EPA Polcy No 1 on control of
m_commercial, industial and trade

premises, Thi plcy e boo feviowed and
an amendment released for public comment.
for the

noise is insuffciently realisic under present
condiions, a new method i proposed. Thisin-
woducestthe concept of a Noise Management
Plan for orderly implementation of the noise
‘abatement measures.

Louis Fouvey

* * *

Asite isit 1o the Smorgon Steel Piant and Roll-
ing il Laverton North was orgnised b he
Vic. Division in May. The noise Control meas
ures and the ongoing hearing conservation pm—
gram were discussed. The tour of the plant re-
inforced the importance of taking_proper

account o he atoustca efecs of nusvial
processes at the design stage, before and not
afer the noise problems occur,

Louis Fouwvey

* * *

Vol 20 No. 2 - 62

Acoustics Australia



In Apri, the SA Division organised a panel dis-
cussion on Noise and Land Use Planning. The
speakers were John Lambert, Dept Environ-
ment and Planning, Peter Maddern, Peter
Madden & Assoc and Peter Swift, Bassett
PGD. The panel considered a series of court
cases ofland use in which noise was an issue.
For each case a plot plan and general de-

satpion ofthe matera ssue vas by out
lined. sed the issues

discussion is not uncritical, and we are int
duced by exampl, 1o same of e dfculios
involved. The tapes therefore contain much
that would be of nterest even to those already
with a good background in either music or
‘acoustis, though for a physicist or acoustician
the going i rather slow.

Nearly all major musical instruments are dis-
‘cussed, with violin, clarine, trumpet and harp-

prestg 3 et descnmm of their cient's
“The audience was invited to comment
andat e end o sach case the udgementof
the court was recited. e cases con-
sidere, th ssve mos Hequeny cracel wes
the determinaion of reasonableness.  Need-
less -t - say there was hardly ever unanimity
of agreement between the audience, the

speakers and the cour!
David Bies

Bocks...

THE SCIENCE OF
MUSIC
Joe Wolfe
ABC M oo (191, ABC Rado Tapo St
PO Box 9994, Sydney NSW 2001 (tel 02
394265) 57500
hese six tapes, each running a little under
one hour, are directed to a rather special radio
audence preared 1o e 3 il inellcta
effort in order to achieve, in an enjoyable fash-
o, a quite good undorsanding o e prysics
of musical instruments. Each tape pairs a dis-
tinguished n musican - Dene Olding,
Nl Vet Paul Pk Coln Pper, P
Dyer - with the physicist host, Associate
fessor Joe Wolte from the University Now
South Wales, to explore the physics of a family
of musical instruments. The musician acis 2s a
“straight man' in the discussion by asking per-
tinent questions which are then answered and
by Joe Wolfe in a delightfully
lar nd corprhenshe fain. The s
cian, often d by colleagues fom the
Ausial Ensamblo o ot roups, oo
a tum to play short musical fragments to dem-
onstrate particular points, and there are several
longer musical excerpts. Separate cassettes
cover stings, woodwinds, brass, percussion,
and keyboards, and the fina cassette s about
‘musical composition.
The expostion is cear, accurate, and smple to
foow, nd shoud be uto conprersie o
a senior high-school student with some back-
‘ground in music and an interest in weme
presentation s excellent and holds one’s nter-
est, but one should have a reasonable break
cassettes, There is a good deal of em-
phasis o e hamaric sinciee of mskal
| inharmonic_sounds),
i lamy seated dicusson o 1 acul
mechanics of sound production in the different
families of instruments. At the same time the

in
Exceptions are the pipe organ, which is i -
sented by a musical example only, and elec-
ronic instruments, which are outside the scope
of the programs. The sound qually, as one
would expect from the ABC, is very good. The
short booklet gives a clear and readable ac-
count (vith a few formulae) of basic acoustcs,
with paricular - reference to musical in-
struments.

With their original broadcast purpose fulfiled,
one must ask 1o whom these cassettes would
now be valuable. To hear them once is in
structive and enjoyable, but they are not then
really useful as reference material. Certainly
they should be in the liorary of every school,
college and university with a music course or a
physics-and-music_option within the_science
course. Muricipal ibraries might also find them
popular. I you collect cassettes of memorable
radio programs, then you should add these to
your collecion. Otherwise, | certainly rec-
ommend that you borrow them from your local

&

Neville Fletcher
Neville Fletcher is a chief research scientist
Wit GSIRO, rd i octed 2 he Austatan
National Universiy. He plays the flute and the
bassoon, and has writen extensively on mu-
sical acoustics:

* * *

ACTIVE CONTROL OF
UND

P.A. Nelson and S.J. Elliott

‘Academic Press, 1992, pp436, Hard Cover,
ISBN0 125154259

Australian distributor: Harcourt Brace Jo-
vanovich, Locked Bag 16, Marrickville NSW
2204, Price: A$241.85.

This s the first book to be published on the ac-
tive control of sound and as such its timely ap-
nce will be weicomed by studens, re-
searchers and_practiioners alie. As the
authors have defberately omitted discussion
on the related topic, active vibration control,
they have been able to devote all of their ef-
forts o a thorough treatment of the active cor-
trolof sound. The resultis a well wrtien book,
containing clear treatments of the funda-
‘mentals of acoustics signal processing and dig-
ital control, and how these fundamentals are
applied together in active sound control,
sated by the authors, “the reader shoud not
expect to find a cookbook description of
hardware and software necessary to implement
active control, the algorithmic prin-
ciples which form the foundation of practical
systems are dealt with at some length". In oth-

er words the book presents the fundamental
Knowledge and procedures required to design
active noise conirol systems, but stops short of
providing final electronic hardware and control
Software designs, and optimum control source

aror sensor confiurations for specifc 2p-
plcations, This i lftfo the reader o do, us-
ing the information and practical quidance pro-
vided by the book.

‘The authors are, indeed, experts in the suh)ect
mater of the book, having been
is teaching and research (resulting in many
technical publications) for more than ten years.
Thus they are in a position to discuss all as-
pects with some authority and this becomes ap-
parent inthe clear wriing style. The book s or-
ganised and witien much fike a textbook and
its intended audience includes postgraduate.
(and perhaps undergraduate) students of
acoustcs and signal processing, professional
acoustical and electical engineers and re-
searchers in the fied of aciive control. With
this audience in mind, the book attempis 1o
fields of acoustics and sigral pro-
cessing (incuding some control theory) n a uni-
fied way and is largely successful in achieving
this.  Thus the first four chapters of the book
are devoted 1o discussing fundamental prin-
ites of couts, ey endlyss, nee
systems theory ar “The chapter
on digta fflers pelyriy sampled signals and
the z-ransiorm, finte impuise response (FIR)
and infinte impuise response (IR) fiters, fre-
‘quency domain filer design, optimal fiter de-
sign and adapiive digial fiters.

(Chapter 5 contains a discussion of the physical
mechanisms involved in the actve control of
plane wave one dimensional sound fieds. In
chapter 6, single channel feedforward control s
discussed at some length wilh appiication to
the contrl of periodic and random sound prop-
agating in a duct. Both time domain and fre-
‘quency domain control are covered. A variety
of contro implementation techniques are dis-
cussed induding decomposing a periodic signal
into its hamonic components and cortroling
each component independently with a separate
analog controller consisting of an ampifier and
phase shiter. Another technique discussed in-
Volves control by approximating the optimal
control waveform by a number of time seg-
ments, each having a constant voltage and
fixed duration. The voltage of each segment is
then adjusted to minimize some error signal. Fi-
naly, adapiive FIR and IIR controllers are dis-
cussed, the latter used 1o compensate for
acoustic feedback in systems where the acous-
tic signal rom the control source afects the ref-
erence signal used to generate the control sig-
nal. Ao dicussed are the effects of
measurement noise, turbulence noise and the
electro-acoustic transfer functions and time de-
lays associated with the control source and er-
ror sensor and propagation of the signal be-
tween them. One weakness of this chapter and
the one which follows on feedback control is
that the authors offer no expicit opinions on
which type of control they would recommend
for various practcal stuations. This s left for
the readers o discover for themselves.

Chapters 8 and 9 are concerned with active
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suppression and active absorption of periodic
sound radiated by point monopole, dipole and
‘source and vibrating surfaces. The
analysis is concemed entirly with the acous-
tics of the problems; that is, determination of
optimum contrl source strengths and locations
and thus impicily assumes the use of feedfor-
ward control, although tis is not stated explct
Iy by the authors.
Chapters 10 and 11 are concemned with global
and local control of periodic enclosed sound

QUEST

Sound Level Detector/Controller
Model 261 continuously measures noise lev-
els and automaically activates, or deactivates,
an electrical signal device when a selected
noise level is exceeded. It is particularly useful
in indusirial work areas and common signal de-
vices are buzzers, lights or any device that
uses up 1o 10 amps and 300 V DC or AC. The
sound level activation range is 55 1o 110 0B

phasis is on analysis
of the acoustics of the problems wih the im-
plcit assumption that control will be imple-
mented with a feedforward controllr.

The final chapter, chapter 12, considers the
case of a mulichannel feediorward adaptive
controller. Control of both periodic and random
sound i discussed and also a number of differ-
ent control algorithms and cost functions which
include actuator effort and allow some error
signals to be given greater priority than others.
In summary, this book presents a thorough dis-
cussion of the fundamentals of the design

ward
problems associated with controller _imple-
mentation and ways to overcome these are
also discussed.  Although the aciive control of
sound has been a high profle research topic
for the last decade, this book is the first to
pear on the subject. Itis appropriate that it has
been writen by two authors who have been at
the forefront of many innovative developments
in this fieldin recent times. *Active Control of
Sound is 2 unique book and an essentia pur-
chase for anyone interested in this subject,
whether they be researchers, students or en-
gineers.
Golin Hansen
Colin Hansen is a Senior Lecturer in Mechan-
cal Engineering at the Univrsity of Adelaide.
search on active
coninl of s and braen o e pes e
years, has authored many papers on the sub-
Jectand curany hads & o of itoen fal
time staff and post graduate students working
on projects i this area

Nea

HEAD ACOUSTICS
Binaural Analysis

A number of flems are now avaiable for bi-
naural analysis. The artfical head measure-

experience. The binaural analysis systems ai-
Tow for dual channel analysis. The systems
provide new capabilies for noise diagnoss,
sound field analysis, recording and archiving of
‘acoustic signals.

Further information: Davidson, 17 Robera S,
Moorabbin, Vic 3189, Tel: (03) 555 7277 Fax:
(09) 555 7956

Quest's Sound Level Detector

Noise Logging Dosimeter
Model 28 Noise Logging Dosimeter s a com-
pact, pocket sized noise analyser. It provides
computerised dosimetry and data logging func-
tions wih direct readout and printout of al ac-
cumulated data. It can be used as a sunvey in-
rument, a communitylairport noise. monitor
and an industrialnoise dosimeter,

Further information: Selby Scientific & Medical,
Private Bag 24 Mulgrave Nith Vic 3170 , Tel:
(03) 544 4844 [oaa 135 838] Fax (09) 543

BRUEL & KJAER

Microphone Positioning System

The Type 9654 is a versatle, easy o0 use sys-
tem for making automated, 3d acoustc meas-
urements over a scanning area up to 3m x 6m.
It can be expanded to a system with 5 degrees
offeedom for full sound power measurements;
‘The microphone posiioning software, supplied
with the 9654, allows defintion of the measure-
mentgrid from a PC or with a joystick.

Building Acoustics Module

The BZ7 114 module enables computer con-
Yok atboms. impact sound insulation
measurements and calculations to
semi-automatically with the moduar precision
‘sound level meter, Type 2231. A plug-in mod-
ule for the sound level meter and a floppy disc
containing the new application sofware s pro-
vided,  The calclted resuls are cblaned
without the need for additional program pack-
ages
Further information: B&K, PO Box 177, Terray
Hills NSW 2084 Tel: (02) 450 2066 Fax: (02)
4502379

Bruel & Kaor's Microphane Positoning System
Type 9654

VIPAC

Miniature Dosimeter

The featherweight (10) Model 705 Digial
Noise badge meels all national and inter-
national dosimeter standards. ~The Leq, Max
and peak levels are stored at one minute nter
vals, the Ln statistics are retained in the 32
Koyte memory and features incude the user
programable stop/starttimes, dose calculations
etc. The dosimeter can communicate and
dump data to a central location via telephone
lines or even a celular phone.

Vipac's Miniature Dosimeter

Cellular Phone for Data Logging

Vipac Model V808 Telemety Link enables an-
alogue and digital signals collected in the field
1o be transmited by celllar system 1o  per-
nal computer at a distant location. The field
monitr can be unattended and interrogated au-
tomatically by the PC at  pre-determined regu-
fr ol Senvcsparsaelcan dolup o
eck caliration and performance
at any time. In lmplsmen\ng this project, VI-
PACS engineers worked closely with Telecom
Aust to provide both specialised hardware and
soiors fctings 1o show e sysiem 1 et
ate reliably under any condi
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FFT Analyser
The CF4210-4220 Personal FFT Analyser is
compact,lightweight and capable of being car-
tied easiy. I features real time processing of
dynamic phenomena changing al high speed
and data acquisition with high accuracy with
wide dynamic range. The provision of a floppy
disc drive enables secondary processing of
data in the off-ine mode.
Further information: Vipac, 275 Normanby Rd,
Port Melboume Vic 3207. Tel(03) 647 9700
Fax: (03) 646 4370

NAP SILENTFLO
Air Relief Silencers
Silentflo has just eleased a new range of
air reliefsilencers for the buiding industry. Ap-
propriately named *AIRVENT", these silencers
ed wherever it s desired to transfer
air from adjacent areas without tanserring un-
‘wanted sound. The unts allow forai flow inei-

ther direction and there is a fange of models for
lexibilty in selection of locatior

Further information: NAP S:/anrﬂa 5BBupklaM

Transport (FAST) mechanism which is a major
departure from VCR derived desigrs.

Further information: Audio Oz, 137 Mway St

StClyan:JZGS Tel (03) 562 9600, Fax SmMslooumeV 3205, Tel(03) 696
3 Fax: (03) 696 5691

AUDIO 0Z INTEGRATION INC
Classic Compressor ANOMS

The Classic Compressor, manufactured by
LA Audi, i a high performance dual channel
limiterlcompressor which has been designed
for use in any situation including recording stu-
dios, sound reinforcement, broadcasting elc. it

ANOMS is an airport noise and operations
‘monitoring system. It provides an effcient fa-
city 1o gather, evaluate and dstrbute in-
formation for noise monitoring programs. It s @
mul-user, mut-asking, graphics-oriented soft-

offers simple yet
channels can be operated
dependently,orintrue stereo.

Nakamichi DAT Recorder

The Nakamichi 1000 DAT tape system is the
ulimate in current Digital Analogue Tape re:
corders. In additon to a wide range offeatures
it has a Fast Access Stationary Tape Guide

totall in-

of airport users with data, reports, maps and
dispiays to assist in the prompt and accurate
identfication of aircrat noise source as and
analysis of operational data.

Funther ol Techrlgy Ingraton
Australa, 37 Benwerrin Drive,

Vo 5151 Tl (09803 544 e (098 e

Nec
Publications

The following exchange publications have
been received. They are st the Dept

of Applied Physics, UNSW where they may
be consulted. Tel: (02) 697 4575

Journal
Acoustics Bulletin Vol 16, No 5 1991
Contents include "Digial Simulation of Concert
Hall Acoustics® by Kuttru, ‘Use of DSP for
Adepiive Noise Cancelation® by Perry et al,
“Railway Vibration Isolaton at Birmingharm In-
temationel Convention Centre’ by Cowell.
Acoustics Bulletin Vol 17, No 1 1992
Contents include "Acoustic Surveying of the
Sea Bed" by Chivers and Bums
Rooustcs et Vol 1,02 1502

s incude “Sound Limiters for Head-
phones Popat, "Lack of Somnaiaion
Houses' by Somerville

Anales Otorrinolaringologicos Vol 19 Nos
121992

Applied Acoustics Vol 35 No 2 1992

Contents IM‘UﬁQ 'Sﬂl\sl\ca\ \nvesﬂgalmns M
eometical Par

onf Autora' b Chan H Hoan & Fergus A

Fricke

‘Applied Acoustics Vol 35 No 3 1992
Contents inciude: ‘Influence of Compaciness
on Housing Sound nsulation Costs” by B C
Amarilla, “Some Objective and Subjective As-
pecs of Three Acoustically Variable Halis” by
Rein Pirn; “The influence of first refecton dis-
tton an e auelty of concer el by A
Fischetti & J Jouh
Roplld Acoustics VoI55 No 1902

Contents include: “Sound-field Characterisation
and Implcations for Industrial Sound-ntensity
Measurements” by R G D Willams &S J Yang.
Canadin Acausics Vo 20No | 1992

Contents include: “Applcat

BALLEN, G. LAMBERT
Aucdogy Dept, Wona Vel Hostal, Coronton .

1
R hodsog 12 1 1115 1990
On the Inserton Losses Produced by Acoustic

Acoustical Techniques xo (M Deswgn of Two

Ontatrpi mpreous Baniers

Auditori: by P M O'Keefg AGK AU KP By
J Aust Assoc Mus Instr mk-r-vm 1Nt Sohodofiech 1. v 0 3.1 e
1992 Acostica Apr. 264291 (1990)
Shock & Vol 24 Nos 4.7 1952
‘Some Underwater Acoustic Signals using Time-
Reports Frequency Analysis Techniques.
uarely Progess & Status Repot 1991 5 GOASHASH. 05K
Royal Institute of Technology, Stockholm sbane, QLD 4072

Contents inciude: “On the Infiuence of Neck on
the Guitar Body Vibrations” by Eberhard Mel-
el & Erik Jansson; “Measuring the Motion of
the Piano Hammer during String Contact”
Anders Askenfelt.

by

Peublications
By
Awstnalians

We are grateful to Dr Richard Rosenberger

University of
e e S o 550 (1990)

Saund Gomston b tonVicnky o e
Su ms and the Coupling to

e eceied Sound .
Di.CATD

Science & Techn. Org. PO Box 706
Daﬂmghmsn NSW 2010

Soc. Am. 89 (3), 1076-1085 (1991)
New 16-QAM Trells Codes for Fading Channels.
4,00,
Services RAD, OTC Ld. Sycney, NS)
[temiivbdr Rl
Ditferential Phase Shift Keying in Two-Path
Raylelght Channel with Adjacent Channel
Interferenc

1 KORN
University of NSW, PO Box 1 Kensington, NSW 2033
IEEE Transactions on Vehicuiar Technology 40 (2),

for preparing this list of publications. 641-471 (1991)
Opticaly Active Media Satate ose Chanl
RS, SEYMOUR
Safstury, 1 Kensington, NS

$45108 R Tt o Comuniao 53 m‘
Aop. omzs(a)szzszsum) 94101 (1991)
Oimensonf the Spaec Spac Radiation Effclency of Acoustc Guiars

ALDER, R TOCNER, 1 ATTIGOUZEL JCS. LAL MA BURGESS

[ mvmwar Western Australia, Nedlands, WA 6009
IEE Proc, |. Communications Speech and Vison 138
(9, 207214 (1982

‘Computerisation of V.R.0.AA Double Blind
Hearing Screening Technique

Deptfoch Exgnsei, Lnivrsy Colge,
USH Carbora, A

o e 1221228 0
An zngnn. Language Spsech Daaase the
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Dat ofE msuummmsmum
P A0 1000 (Dissbtion: EEE, Hoes Lane:
Piscataway, NJ 08854 USA) Apr (1), 101-10&
(1990)

‘Speech Encryption in the Transform Domain
E.DAWSON, B. GOLDBURG, S. SRIDHARAN
Queensiand Universy of Technology, Bisbane QLD
4000

Electrorics Lettrs 26 (10}, 635-657 (1990)
Nonlinear Theory

Road Surface Noise

The NSW. Roads and Trafiic Authoriy (RTA)
is undertaking an on-going research and de-
velopment program aimed at ptimising and im-

(NIPTS) and Presbyacusis
JH. MACRAE

il St. Chatswood, NSW 2067
A Audology 13 (1), 2329 (1991)
APeychophysclStuty o Soctat Hyprscy
KLUGANALY, U5, CALF

H&amgﬂas Contre,Dept. of

pmrmamgy Univ. of Queensiand,
St Luca, OLD. 4067
Hearing Reseaich 44 (1), 93:96 (1990)
e Conrl of Nolse Transnisson mmwh a
Panel Into a Cavity: 1. Analytical
DABIES 01t HANGEN JE RN
"Dept.of Mechanical Eng. Universiy of Adelaide, SA
5001
3. Acoust.Soc. Am. May 2098-2109 (1990)

CSIRO Div. of Radiophysics, Dept.of Electronic

Agp. Ac. 30 85-115 (1990)

* % ok

ADVERTISER INDEX

Ulvasonic Wave Propagaton n Sap Compact Acoustic Res. Labs. ...........66
rasonic Wave Propagation In Sap Compacts
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 of Physics, Univesty of New England, JE
Dert o P, Ui AWA Distribution 2
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Analytial Signal Processing for Pattern
Recognition
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EEE Trans. on Acoustics, Speech and Signal Pro
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proving the
pavement surtaces. Various factrs are bemg
considered in this study including drainage,
skid resistance and noise. The Sydney ofice of
Mitchell McCottr was recently engaged to de-
termine the acoustc performance of several
concrete pavement surfaces.
Tnese surfaces were of varying sufaces and
hag been constructed along the F3 Freeway
which runs from Sydney to Newcastle.

The surtaces were finished in one of two ways
after the concrete had_been conventionally
“smoothed” with a straight edge. The fist is
known as “Hessian dragging” which gave a
generally fine texture to the Surfaces by drag-
ging a hessian mat over the wet concrete. The
‘second was achieved by a process which add-
ed grooves to the surtaces by using a raking
implement. Variations in surface type were
achieved by making adjustments to both these
processes. Thus the surfaces varied firstly in
texture coarseness and secondly, in the width
and spacing ofthe grooves:

The pass-by noise levels of a car and a heavy
truck on each surface type were measured over

arange of speeds from 50to 75 kmih.

Analyses of the data revealed that there were
only small diflrences in the noise levels be-
tween the eight te pavements
tested. Overall the quieter surtace was found to
be that with the fine texture coupled with the
smaller grooves at the narrower separations.
The low noise pavement of the present study
was the quieter of all cement concrete pave-
ments in both studies; it was recommended for
future applications, on acoustic grounds alone.

From Mitchell McCotter Newsletter No. 2, 1992

—

ARL NOISE LOGGERS

The way to know

Tel: (02) 482-2866

A
vV

The way to go

Acoustic Research Laboratories Pty Ltd
169a Pacific Highway, Hornsby, N.S.W. 2077, Australia
Fax: (02) 476-4198
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Fully Programmable functions

*

3*

¥ 2 Channel instrument
¥*

Communicates and more

for Event Recording

CIRRUS 700 SERIES - SOUND LEVEL |
METERS AND DOSEMETERS

Select any 16 from over 120 options

Measures, Stores, Calculates, Recalls,

¥ Continuous Storage of Short Leq.
* Selected Intervals and data Storage

AND THE PRICE - YOU WILL BE PLEASANTLY SURPRISED

T

'

DAVIDSON

Measuring up to your needs

VB 8 KJDAVIDSON PTY LTD, (. i Vi)
17 Roberna Stroet, Moorabbin Vic. 3

P03 5557277 P (09555708

uite 1,811 Flor, 10Holp Suee,Chatawood NS W. 2087
Ph.(02) 4

W Hineo Engeering (092442777

SA. Graphic Electronic Industries (08) 365-1000
ACT/TAS/QLD MB & KJ Davidson (03) 5557277

ENVIRONMENTAL

NOISE CONTROL i
YOUR SOLUTION TO
INDUSTRIAL NOISE PROBLEMS

MANUFACTURERS OF ACOUSTIC
« Louvres * Doors * Enclosures
« Silencers & Steel Fabrications

NATIONAL ACOUSTIC
LABORATORIES
ACOUSTIC & NOISE

SPECIALISTS
Superb Anechoic and Reverberant
Test Faciites Servicing:

© Transmission, Sound Power and Absorption testing
© General Acoustic Testing

© Comprehensive Analysis of Sound and Vibration

© Measurement and Control of Occupational Noise

© Electro-Acoustic Calibration © Vibration Analysis

Experts i

SUPPLIERS OF EQUIPMENT FOR:

| | PROJECT: TOMAGO ALUMINIUM CO.
CLIENT: NEI JOHN THOMPSON (AUST)
CONSULTANT: JAMES MADDEN COOPER ATKINS

Phone: (02) 755 1077

50 RIVERSIDE ROAD
CHIPPING NORTON, N.S.W. 2170 i

° and Control of Occupat
© Reference and Monitoring Audiometry
© Residential and Environmental Noise
© Education and Training ~ © Acoustic Rescarch

1 Noise

126 Greville Street, Chatswood, N.S.W. 2067
Ph: (02) 412-6800
National Acoustic Laboratories is a Division of

ustralian Hearing Services
Commonwealth Government Authority
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CONFERENCES and
SEMINARS

+ Indicates an Australian Activity

1992

- Aug 28 - Sept 1, TOKYO
INTERNATIONAL SYMPOSIUM ON MUSICAL
ACOUSTICS
Detais: ISMA 92 Tokyo Secretarat, ¢/ Acous-
tics Laboratory, Ono Sokki Co, 1-16-1 Hakusan
Midoiu, Yokohama 226, Japan

September 1-3, SENLIS
FAN NOISE
Details: J Tourret, CETIM BP 67 - 60304, Sen-
lis, France

5lplnnber 3-10, BENING

Dmus 14 ICA Secretariat, Insfitute of
Acoustics, P.0. Box 2712, Beiing 100080,
China

September 12-14, NANJING
INTEHNATIONAL SYMPOSIUM ON ACOUS-
TICAL IMAGIN

Details: 14 th VCA Secretariat, Institute of
Acoustics, P.0. Box 2712, Beiiing 100080,
China

September 14-17, LUXEMBOURG
EUROPEAN CONFERENCE ON UNDER-
WATER ACOUSTICS

Details: Commission of European Com-
‘munities, DG XI/E (MAST Prog), Secretariat
'SDME 3/46, Rue de la Loi 200, B-1049, Brus-
sels, Belgium

‘September 14-18, LONDON
EURONOISE 92

Details: lnsmute of Acoustics, PO Box 320, St
Albans, Herts, AL1 1PL, England

September 20-24, CAMBRIDGE
AUDIOLOGY INEUROPE
Details: Ann Allen, Br

October 14-16, BOLOGNA

22 INTERNATIONAL CONFERENGE ONVE-
HICLE C

Detas: ATA, Vi Oetiat 20,1 10126 Torino,
Ialy

October 18-24, MEMPHIS

124th MEETING ASA

Details: ASA, 335 East 45th St, New York, NY
10017, USA

October 27-28, SENLIS
RECENT ADVANCES IN SURVEILLANCE
Using Acoustical and Vibratory Methods
Detais: Mme F Chapelon, Revue Pratique de
Edi e

July 69, NICE

ISE & MAN
6th Interational Congress on Noise as a Public
fealth Problem
Detaits: Noise & Man 93, WRETS LEN, Case
24, F 69675, Bron Cedex, Fr

August 24-26, LEUVEN

INTER-NOISE 93

People Versus Noise

Doal: NTER HOISE 23, THC WY, Dol
214, B-2018 Antwerpen, Belgium, Tel (32) 32
160996 Fax (32) 32 16 06 89

August 31-September 2, SENLIS
INTENSITY TECH-

Dagoro, 75012 Paris, Fance.

Oct 29-Nov 1, Windermere
REPRODUCED SOUND 8

Insitute of Acoustics Con(uenu

Details: K Dibble Acoust

House, 79 Ciffon Rd, Rugby cvzv Sokuk

November 19-22, Windermere
SPEECH & HEARING

Institute of Acoustics Conference

Details: Dr W Ainsworth,

roscience, Keele Uni, Keele, Staffordshire 575
58G UK.

« November 26-27, BALLARAT
PRACTICAL ACOUSTICAL SOLUTIONS
AAS Annual Conference

Details: AAS Annual Cont, PO Box

233 Moonee Ponds,Vic 3039 Australia

+ December 14-18, HOBART

11th AUSTHALIASVAN FLUID MECHANICS

CONFERENCE

Details: HAFMCSSGHL!MI Dept Civil &
Mech Eng, Universy of Tasmania, GPO Box

252C, Hobart 7001

1993

May 10-13, TRAVERSE CITY
NOISE & VIBRATION CONFERENCE

tais: Society Automotive Engineers, Com-
municationss Meetings, Wartendale, PA
15096, USA

May 31 - June 3, ST PETERSBURG
NOISE 93
N

80 Brighton Y, ﬂesdmg RGS 1PS, England

September 22-24, CRACOW
NOISE CONTROL 92

is: Insiute of Mechenics and Vib-
roacoustics, Technical University of Mining &

Metallurgy, al Mickiewicza 30, 30-059 Cracow,
Poland, Tel (48) 123323 14 Fax (48) 1233
1014

October 12-16, ALBERTA

1992 INTERNATIONAL CONFERENCE ON
SPOKEN LANGUAGE PROCESSING

Details: ICSLP-92, Catering and Conference
Senvices, l/mversrry of Alberta, 10 Lister Hall,
Edmonton, Alberta, Canada T6G 2H6,Tel 403
492 7200, Fax 403492 7032

ference

ils: Malcolm Crocker, Mech Eng, 210 Ross
Hall, Auburn University, Auburn, AL 36849-
3501, USA

June 25-27, IOWA
INTEHNAHONAL HEARING AID CONFER-
ENCE

Detals: Universty lowa Conference Centre,
Memorial Union, lowa City, IA 52242, USA

June 26 - July 2, BERGEN
13th INTERNATIONAL SYMPOSIUM ON
NONLINEAR ACOUSTICS

Detais: Prof Halvor Hobaek, Dept Physics,
University Bergen, Allegt 55, Bergen, Norway
5007, Tel 0475 21 27 87, Fax 0475 31 83 34

NIQUES

Structural Intensity

Detais: CETIM, BP 67, 60304, Senlis, France
Tel (33) 44 58 32 17 Fax (33) 44 58.34 00

st 30-September 1, LEUVE
N EATOwAL SEMHAR ON HlODAL
ANALYSIS
Deai: SUA T VI Desqiki214. 5
2018 Antwerpen, Belgium, Tel (32) 16.28 66 11
Fax (32) 16222345

September 1517, BUCAREST
10th FASE

Details: Comm. d/Acoust. de L'Acad Roumaine,
Calea Victoriei 125, 71 102 Bucarest, Romania

1994

February 27 - March 3, AMSTERDAM
h AE

Details: Sec, AES Europe Office, Ze-
venbunderslaan 1429, B-1190 Brussels, Bel-
gium

July 18- 21, SOUTHAMPTON
RECENT ADVANCES IN STRUCTURAL DY-

sm In\smamnal Conference on
Details: ISVR Conference Secretariat, The Uni-
versity, Southampton, SO9 SNH, England.

COURSES

I accordance with the recogniton of the im-
portance of continuing education, detas on
course held in Australia are included i tis sec-
tion at no charge. Addiional detals can be gv-
enin an adverisement at normal rates.

1992

CANBERRA-
Oct 26-29 - BASICS OF NOISE AND VIBRA-
TION CONTROL

Nov 9-10 - BASICS OF UNDERWATER
ACOUSTICS

Nov 10-11 - MODERN SIGNAL PROCESSING
TECHNIQUES FOR ACOUSTICS

Detis: Acoustcs ard Vbranon Centre, Aust
Canberra, ACT 2600.
oo, (os)zsaazu o (06260 675
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FOR DE"AILED ENQUIRIES PLEASE CONTACT
ENQUIRIES PLEASE CO)
@Eﬂby oo B B, e, Bom Fom,
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S Eoe Bl i,
‘5‘6'/50/7//(/0 G MED/CJL Darwin 0510,

WE DELIVER THE GOODS

Sextant 845
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Real-tlme Frequency Analyzer
S W Type 2143

Whatever problem you are working on (quality control, noise and vibration analysis or environmental
noise, for example), this Briiel & Kjar “go-anywhere” analyser gives you the perfect solution.

Designed for use in the field, it offers you:

@ True portability (it weighs less than 10kg) @ Advanced triggered multispectrum facility ® Battery
operation 1/1-, 1/3-, 1/12- and 1/24-octave digital filters ® A back-lit display ® PC/MS-DOS compatible
disk format @ A water-resistant front panel @ A large non-volatile memory for over 512 1/3-octave
spectra @ Direct, preamplifier and charge inputs @ Option for FEE.T. operation ® Easy operation with
on-screen help function ® Output to a variety of printers ® Option for two channel upgrade.

NEW SOUTH WALES. WEST AUSTRALIA  VICTORIA QUEENSLAND

Bruel & K]&r (024502066 (09) 242 5944 (03) 370 7666 (07) 252 5700



