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INTRODUCTION

Humerous eoclal surveys have shown that reasidents would like traffic noise to
be reduced. At a glven site, this oasn be mchleved by tralfic management and
by further reduotion of the noise emitted by individual vehioles. In the
latter case, the motor industry and the legislature are both concermed that
the significent penalties involved in meeting reduced typs approval levels
do lead to real subjective benefits.

It has been suggeated, eg Ref 1, that type approval tests esxercise tneufficisnt
control over traffic noise, partiocularly ms heard indoors after medification
by the facade. 4&n Investigation was undertaken to: 1) moquire reliable
subjaotlva reference acales for traffic noise at the facade and inside the
premises, 2) establish an objective measurement procedure that adequately
predicts subjective prefersnce and 3) explore the relationehip between type
approval test resnlts and traffic noime at the facade and inaide the

premises,

METHOD OF OBTATHING STUBTECTIVE SCALES

At ) sitea, high quality tape recordings of traffic noise were made

slml tanecusly at the facade and in the front room of a house. Thirteen
sections of these tapes, each of 30 seconds duration, were selected to cover
a range of events indoors from relatively little traffic to very intrusive
traffic noise. Two separate pair comparison experiments were carried ont in
vhich these events were used as atimuli, one using the room recordings and
the other using the pimultaneous facede recordings, Thus, two preference
scales were obteined which could be directly compared to determine the degree
of assocciation between judgments of preferenoe for identical evente made at
the facade and indoors.

The experiments were conducted in a laboratory facility where the recordings
ware reproduced asourately over the area in which four subjeots sat during
each seasion. With only a few exceptions, the subjects made Judgmente of
preferance that were conaistent at the 95% level and velues of the coefficient
of agreement between subjeote wers satisfactory., For each experiment the
aggregate preference matrix was used to obtain a acale of Total Expressed
Preferences, namely the number of times each stimulue was preferred to any
other by the group of subjeots, and this was taken as the subjective rating
soale of the stimlf,

CORRRLATTON OF SURJECTIVE SCALES WITH STANDARD ORTECTIVE MEASUREMENTS

Laq values were obtained for Sound Pressure Level ABLIN and Sound Levela dBA
dBB and 4BC over the perlod of the events {30 eec) for facade and room etimuli.
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It wag found that subjective preference for traffioc nolse recorded at the
facades correlated well with dBA Leq messured at the faoade, r = -0,92
{coefficients for other scales: dBB, r = -0.94 dBC, r = -0,86; dBLIN, r = -0.85)
and that subjeotive preference for traffioc noime recorded in the rooms
oorrelated well with dBA Leq measured in the rooms, r = -0.91, {ooefficients

for other gealest dBB, r = -0.56; dBU, r = -0.43; dBLIN, r = -0.10).

However, the correlatlon between the two preference scales, facade and room,
ia not pignificant at the 99% level, r = +0.48, and a significant correlation
was not obtained between room preference and any objective measurement made at
the facade., The implication is that a general reduction of traffic noise in
the ptreet will not necessarily lesd to a subjective improvement inoide houses.
The reason for this was found by considering the difference in level batween
facads and room noises,

RELATICNSHIP BETWEEN SUBJECTIVE PREFERENCE AT THE FACAPE AND TN THE ROOMB

The lack of correlation between facade and room preference scales arcse beacause
the stimili were selested from rocordings made at ) different sites at which
the attenuation provided by the facades differed considerably. For the events
used ap stimuli, the variance in the attenuations, expressed as dBA reduction,
wan of the same order as the variance im the facade noiss levels. Therefore,
the facade attenuation had an important influence on room levels,

Caloulating the 10 minute dBA DLeq attenuation at emch pite from the original
recordings and applying these to the facade stimli to predict the correeponding
room ptim:li ie not helpful (r = 0.58). Thie is beosume the attenuation at a
given site expressed in this way depends on the spectrum at the facade and
therefore varies significantly with time.

Bowever the apparently loose relationship between subjeotive preference in the
rocme and that at the facado can be defined quite clomely when a sufficiently
detalled analysis, ie 1/3)-cotave band, is obtained of both of the factors that
ocontrol traffic noise in the homej namely traffioc noilse at the faocade and the
attenuation provided by the premisea. This gives a correlation coefficient
between estimated and predicted dBA Leq of +0.95 and a standard error of 0.75
@BA. Thua the acouracy with which rocm levels can be predicted from facade
levals depends on the detall with whioh fecade attenuation is defined.

CONTROL OF TRAFFIC NOISE AT THE FACATE

The control of traffic noloe at the facade depends, for a glven traffic flow,
almeat entirely on the control of the nolse emitted by individual vehiclea
which, in turn, id controlled by type approval testing.

To test the relationship betwsen noioe measurements made in the two conditions,
four vehiocles { a car, a van, a rigid goods vehicle and an artioulated HGY) wers
tested according to type approval procedures and were driven past the 4 pitea
referred to above wvler normal urban driving conditionn. The maximm Sound
Level 4BA emitted by the vehlcle was measured in each case. The correlation
ocoeffioient betwaen the two sets of measurementa for the four vehicles at

four sites was +0.87.
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Moreover, 1/3-octave band analyses revealed that the sources of noise on the
vehicles {predcminently broad-band engine noise centred on 1 kHz) that
oontrolled the overall nolse emitted waa the same in both test oconditions.
Thus, the resulte indicate strongly that type approval testing doea control the
subjectively importent levels at the faoads,

CONTROL_OF TRAFFIC ROISE INDOORS

The A-weighted 1/3-ootave band Leq spectrum of traffioc noise at the facade,
like thoae of individual vehicles, show a predominant very broad peak centred
on 1 kAz. The shape of the spectrum indeors, howaver, im quite different
because of the frequency dependence of facade attenuation which ia, say,

22 - 32 dB at 1 ks but only 2 - 12 dB at S0 Hz. The result in a front room im
a epactrum which 1a broadly flat from 4O Hz to 2.5 kiz with a tendency at aome
sites for the 50 or 63 Ha band level to protrude by up to € dB. Thus the
predominant source of noise ie again broad band engine noise centred on 1 kHz
because the sum of the relevant 1/3-oatave band levels will be about 10 dP
above the band levels and subjeotive benefit would be achleved most efficiently
by a further reduotion of thie sourps, either at source or by fitting double
glazing at the site, Thus, the results indicate that type approval testing
aignificantly conatraine the subjectively important levels indoors.

However, none of the )y miten viaited in this investigation had the benefit of
double giazing. If it were to be fitted, a further 10 4B of attenuation might
be expected at frequenocles above about 200 Hz and engine intake and exhaust
noise at firing frequency would become the subjeotively predominant noise
which would require attenuation to achieve further subjective benefit indcors.

REDUCTION OF INTAKE/EXHAUST NOISE INDOORS

It has been claimed that low frequency noise is not contreolled by type approval
tents. This 1o not the case becauss the sum of all ecurces must not exceed the
limit. In faot engine noiee, being the most diffioult to reduce, generally
prodominates and the contributiona of other scurces, including intake/exhaust,
ara, of necespity, reduced to such an extent that the reduotion of engine

noise is minimised. FPurther, type approval teets are carried out at relatively
high engine speedm, the trend of exhauat ncise being to increase at 16 ARA/
doubling of speed, and at full throttle acoceleratlon, the trend of exhaust
noise being to increamse with load. Thua, intake and exhaust noiee are
controlled under conditions at which the highest levels are produced and the
trond to reduce type approval limits will necessarily lead to lower levels of
low frequency intaks/exhaust noise, unless a remarkably quist engine is
developed,

Howaver, Just as the cometraint on noise at higher frequencies is insufficient
at certain vulnerable sites and double glazing is inatalled to provide further
improvement, it is clear that some sites exist at which further reduction of
low frequency noise (50 - 60 Hz) is desirable and the problem is fo declde
which site modification will be effective.
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IEFLUBNCES ON FACADE ATTENUATION AT S0 - 60 Hz

The 1/3—octa.ve band level differences between the facade and room noise at the
Iy sites were lowest at 50 and &3 Hz but the actual values ranged from
approximately 2 - 12 dB. An aseessment was made of the causes of this
difference between mites because of the potential for subjective improvement
that a controlled increase would give at a vulnerable site, Unfortunately,

a full investigation was beyond the scope of the present work.

Rarrow band analysis of the ecund presgure level difference between the facade
and room at the L sites was carried out and compared with the mobility of the
window panes and the calculated room medes, The results geve B clear indication
of an assoociation between attemuation and window mobility together with room
mode frequency but the precise nature of this association oould not be defined,
An engineering model by which & window could be designed for a given room to
glve the maxioum sttenuation could be very valuable. It would allow additional
control at epecific sites analogous to the speoific contrel provided by

double glazing, thus supplementing the general control exerolsed by type
approval testing.

CONCLUSTONS

1) Sound level dPA Leq measured at the facade correlates well with subjective
preference for noime at the facade (r = -0.92).

2) Sound level dBA Leq memsured indoors correlates well with subjective
preference for noise indoors {r = -0.91).

3) Sound level dBA Leq indcors cen be predioted adequately from 1/3-cotave
band analyses of the two controlling influences, namely facade noise and
facade attenuation, but not solely from Sound Level dBA Leq at the facade.

k) On the basis of results cbtained from four sample vehicles, there i a
atrong indication that ourrent type approvel procedures control the subjectively
tmportant levele memsured at the facade and Jointly oontrol, together with
facedes attenuation, the subjectively importesnt levels indoors.

5) A need was ldentified for an acocepted predictive model of facade attenuation
in the region of, say, L0 - 70 Hz taking intc account the coupled responge of
window vibration and room modes o that the general control exercimed by type
approval 1imits can be supplemented at epecific aites, in a mamer analogoua

to fitting double glazing, by selecting a window design to maximise

attemuation at low fraquencies.
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