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A report entitled 'Road Traffic and the Enviromment' (Ref.l) published in 1978
gives the results of a broadly based social survey desigmned to repremsent the
attitudes of the adult population of England to read traffic. The gquestion-
naire covered a wide range of topice relating to genera) disturbance by road
traffic and other externa® faotors. Becauss of the nature of the survey sample
it is pospible to determine the proportion of the population which 1s subjected
to or disturbed by a particular factor. This survey has been referred to by
scme people as & National Envirommental Survey.

One of the topics epecifically studied in the above survey was the dieturbance
from vibration oaused by traffic in the home (sic). 10% of the respondents
claimed to experience vibration 'often' and a further 27% 'oocasionally®.

In all, 36% of this random pample of the population mtated that they experience
vibration from road traffio and 8% claim to be bothered 'quite a lot! or ‘very
wuch*. The responses are slso broken down according to the peak hour traffie
flow outslde the dwelling. As would be expected the percentage of the sample
who experience vibratfon Increases as the traffio volume rises but it is in-
teresting to note that the proportions of respondents experiencing vibration
who are 'disturbed' and *sericusly disturbed' remain relativaly constant for
iraffio flows from & to 1800 vehicles per hour. Although physical measurements
were made of the traffic flows and noige levels in the aress where this sooial
survey was oarrled out, no measuremsnts were made of the vibration levela that
gave rise to these responses. MNevertheless, from these results i1t ls clesr
that traffic induced vibration greatly oconcerns a large number of people and
should not be diamissed as a minor problem. However, if it ia to be considered
as part of the planning process it is essential to be able to make some kind of
prediction of vibration levels at the deaign stage.

Over the last three years therefore, the Greater London Council and the Transport
and Road Hesearch Laboratory have collaborated in a study of vibration in dwel-
lings caused by rvad traffic. The early work on this project considered the
relative importance of vibgation propagating through the ground and low frequency
noise propagating thro the air as the primary transmission paths for traffio
vibration in tmildings (Refs.2%3). Although ground bomme vibration originating
from road/wheel contact can be the major cause of problems in same situations,

in the majority of ocases vibraticn in the buildinge adjoining roads was found

to result from lowv frequenoy sound entering the bullding and subsequently ex~
olting the etructure.

The Tranaport and Road Besearch Laboratory have carried out a further social
survey to obiain more detailed information on the reaction of people to the
vibration in dwellings induced by & wide range of traffic volumes. Some pre-
liminary resulte of this survey were presented at the 1979 Spring Conference of
the Institute held at Southasmpton (Ref.4). At the same conference the author
of this paper desoribed the details of the phyaical measurements of vibratiom in
dwellinga that had been taken by the Greater London Council to esupport this
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eoolal survey (Ref.5). That paper gave detalls of the measurement and analysis
techniques used and presented some preliminery findings. The measurements have
provided typleal levels of traffio induced vibration that people are subjected
te in their homes and which they are reacting to in thelr responses to sccial
purveyas. Further analysis has now bwen carried out and this paper gives some
of the findings.

The moasurements were made in one occupied suburban dwelling et each of the 14
sooial survey sites within the Creater London area. The dwellinge were all two
gtoreys high, built during the inter-war period and were mostly semi-detached.
Each measurement consisted of simultaneous 20 minute FM recordings of the signale
generated by external nolse and intermal vertical vibration in the wooden floor.
The externa) noise was measured 1 m from the facade (generally sbout 10 m from
the kerb) while the vibration was moasured at the centre of the front ground
floor room of each dwelling. Traffio counts were aleo taken during the measure-
ment period. The traffic volumes at the sites produced an even distribution
over the range 170 - 2800 vehlocles per hour with the percentage of heavy vehlocles
ranging from 9 - 41%. The tape recordings were subsequently analyped in the
laboratory to produce a range of percentile levels and the Leq in 1/) ootave
bands for frequency rangea from 3 Bz to 2000 Hz.

The extermnal nolse exhibits a very wmifomm spectral shape but the absoclute level
of the spectrum varies with the differences in the traffio flows at each of the
gites. For the floor vibration, however, both the level and the spectral shape
vary widely. Every eite exhibits a unique spectral characteristic although the -
survey was designed in the belief that the buildings used ware of a uniform type.
It seems probable that these mpsotral differences are dus to small varlations in
roem dimeneions, window eizes and wany other factors which oontribute to the re-
sonances within the room and conditions ihe buildinga' response to the traffio
noige stimlus. Deppite this variability in the vibration response at individual
sites, the mean values of noise and vibration for all 14 mites together {publis-
hed in Ref.5) glve very similar epectral shapes although there are differences

in the standard deviations., FNot surprisingly, glven the variability in the
vibration spectra, there is a very poor correlaticn between external noige levels
and vibration levels in the floor if all 14 sites are grouped. If anything, the
correlations between ths vibration levels and the traffic flows are worse.

|
|
Any variability resulting from the differences between individual sites can ba
excluded from the mnalysis by leoking at the correlation between the two signale

at each site separately. Thie has besn achleved by reanalysing the tape re- |
cordings in suocessive periods of 0.8 minute duration eand uaing ths results for l
these short periods to obtain correlations between the two signals for each nite

in turn. The resulte of thie analysle show muoh stronger relationships, corre—-
lation coefficients of .9 ave not uncommon and the majority of values are highly
significant. Having obtained reasonable correlaticns, linear regression analyeis

wap used to provide equations for the relationships between exteranl noise and
vibration at each elte over the range of 1/3 octave bande from 25 to 250 Hz.

|
F. 1 gives an example of the 'family' of regression equations for one of the

1/% cotave bands. It can be seen that the gradients of the regression lines are
generally simtlar but that the absclute values vary between individual siten.

The similarity in the gradiente makes it reasonable to consider using a Tmean
gradient! to prediot changes in vibration lovel due to changes in the extermal

neise level at & partioular frequency. Thie mean gradient has not been caloulated
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as a siuple arithmetic average, but has been weighted to take account of the re-
liability of each of the constitusnt valuss as given by its correlation cceffio-
ient. The relaticnship that hae been used tc derive the mean gradient m is
where mj and rj are respeatively the gradient and corre-
Z(mi . |“i|) lation scefficient for the 1 th Bite. The mean grad-
= TT="3_ 1 __ lents for the peak frequencies in the noise spectra are
Z"':l' glven in Figure 2.

A relaetionship has thue been established which enables changes in vibration to be
predioted from changes im external nciee level. Beoause the gradients have been
separated from thelr asacoiated intercepts in the regression aquations it is not
possible to use this result to prediot directly the abmolute level of vibration.

Using conventional multiple regreseiocn analysis, equations have been developed
which enable 1/3 octave band Leq levels for traufflo nolpe to be predicted from
the total traffic flow and percentage of heavy wohicles. The form of the equa-
tion is very similar to exieting teclniques for predioting Iy dB(A) levels (Ref
6). Purther work would, however, be required to include terms for speed and
distance as these were effeotively held constant by the design of this experiment.

8imple techniques for predioting absclute vibration levels directly from traffic
paramoters are not poasible at present and seem unlikely in the foreseeable
future. However, from the results deporibed above it can be sedn that limited
prediotions of future vibration levels are possible in a speciflo, but coumonly
ooourring situation (suburban dwelling of conventional construction). Changes
in floor vibration level can be predicted from changes in external noise level,
The noise level can itself be predictad dlreotly frum traffic volumes. In thie
wvay an indireot relationship between traffic induced vibration in floors and
the traffic causing it has been establibhed.
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