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As part of a British Rail (BR) “Environmental and Social Impact” study in 1975, an 
attempt at assessing the relative noise impact of rail and road transport was made; 24 hour 
Leg in dB(A) units was adopted for the noise measure, as this appeared to give good correla- 
tion with “dissatisfaction” and permitted simple estimation of levels from traffic and 
location data. Five train types were defined, two classes of line, three regions of population 
density and three standard topographies. The base Leq value for each traffic mix, line and 
population region could be established from BR survey data, and the propagation from 
topography and population (house) densities, to give the population subjected to each ,&. 
The percentage “dissatisfied” at each L, was then applied to arrive at the total population 
“dissatisfied”, which was found to be lklO0. A similar approach applied to motorways 
and principal “A” roads gave 4480000 “dissatisfied”. 

1. INTRODUCTION 

In 1975 British Rail carried out a series of studies on all aspects of their operations under the 
general title of “Strategic Planning Studies”. Under the heading of “Environmental and 
Social Impact Studies” a number of “Topic Reports” were prepared in an attempt to review 
the current situation and possible future developments. “Noise” was one of these “Topic 
Reports” [ 11. 

The report comprised a basic introduction to noise, its units of measurement, the assess- 
ment of nuisance, the development of a method to estimate the overall impact of railway 
noise and its application to the whole of the U.K. rail network. For comparison, a similar 
approach was applied to motorway and principal “A” road noise, and data presented 
(from another source) for airport noise. There are three main elements in the impact study: 
(i) source noise and its propagation; (ii) the total population exposed to noise; (iii) the 
proportion of a population “dissatisfied” at any noise level. 

2. SOURCE NOISE AND ITS PROPAGATION 

The 24 hour equivalent energy level in dB(A) units was adopted as the measure of noise 
exposure as this is convenient when adding a variety of levels, and also from evidence in 
the one major social study [2] available at the time it correlated well with subjective re- 
sponse. The basic equation was then 

L L = eq2. eqR - K log,, (S/25)> 

where the reference L at 25 m depends on the traffic volume, mix and speed, S is the distance 
from the track and Ke!lthe attenuation constant depending on the topography. 

Five classes of trains were defined, based on the rolling stock used, for which the normal 
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TABLE 1 
Stock characteristics 

Stock 

Speed (km/hr) 
Peak noise LR (dB(A)) 

Mk III express Mk I and II Local A/B freight Freight 

160 160 90 90 60 
83 93 84 86 84 

operating speeds and peak noise levels at 25 m were established from BR data, and these 
are shown in Table 1. 

The U.K. is divided into 134 traffic regions for which populations are known, and hence 
from the land areas involved the average population density, jj people/km2, could be 
determined. Three classes of area were defined: (i) “conurbation”, jj > 2000, (ii) “mixed”, 
200 < jj < 2000, and (iii) “rural”, jj < 200. Average daily train movements could, then, 
be defined for “main” and “secondary” lines in these area classes, from BR census data, 
together with the mix by stock class. At the time of the census, Mk III express passenger 
and air-braked freight stock were about to be introduced, and were included as an arbi- 
trary 1% in each case. The average peak reference level, E,, for each mix was calculated 
on an energy basis, and from the appropriate speed and typical length the reference Leqn 
could be estimated. These values are shown in Table 2. The three population densities of 

TABLE 2 
Stock mix and reference noise levels 

Main line 

Average daily movements 

r 
Conurbation 

208 

* \ Secondary 
Mixed Rt1ral all 

157 95 67 

:;, Mk III 
% Mk I and II 
% Local 
% A/B freight 
y0 Freight 

Ref. peak level 
Q(dB(A)) 

Ref. energy level 
L @WA)) e4R,a 

1 1 1 0 
19 12 13 0 
53 36 42 52 

1 1 1 0 
26 50 43 48 

87.8 86.8 87.1 84.2 

72.8 70.6 68.7 64.3 

the area classes imply differing attenuation constants K, due to the increased probability 
of shielding due to houses closer to the track as density increases. Typical house row spac- 
ings were used to establish an average attenuation factor for each case. Where the track 
was on an embankment the unshielded attenuation constant was used, and where it was 
in a cutting the initial level was reduced by 10.5 dB(A) and this value held constant out to 
the distance, S,, where the normal “on grade” attenuation curve was intersected. Pro- 
portions of level, embankment and cutting were established from maps of typical sections of 
track, as shown in Table 3. The L,,, value could then be established at any distance from 
the track for each class of topography, population density, and line. 
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2.1. POPULATION EXPOSED 
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The average population density in each of the three typical areas was known, but the 
trackside density was found from some detailed samples to be rather higher, as might be 
expected. In a “mixed” area this was 1.4 for trackside/average density, and as high as 5.0 
for roadside/average. 

For the overall U.K. impact assessment the lengths of the main and secondary lines in 
each population class were established from the network map, which, coupled with the 
appropriate traffic mix and attenuation constant, gives the number of people exposed to 
any particular level of noise. 

TABLE 3 
Noise level attenuation and topography 

Level Embankment Cutting 

Attenuation 
constant K 

% of track length 

Rur. 16.7 16.7 Le = (L_ - 10.5) 
Mix. 20.6 16.7 (23 < S < S,) 
Con. 243 16.7 

60 15 25 

2.2. PROPORTION OF POPULATION “DISSATISFIED” 

In the various social surveys aimed at attempting to establish relationships between 
subjective response and noise levels for air, road and rail situations, differing scales have 
been used, for the most part, to evaluate response. In the main U.K. road traffic noise 
surveys [3] a self-rated seven-point satisfaction-dissatisfaction scale has been used, in air- 
port noise surveys constructed Guttman scales of “annoyance” [4], and in the French rail 
noise survey [2] a self-rated seven-point “discontent” scale. To reconcile the various scales 
for the purpose of our report the respective mid-points on the scales between a neutral 
response and the maximum negative response have been taken as equivalent, and called 
the “dissatisfaction” point. Approximate conversions were also made to bring all the noise 
level scales to Leqlq dB(A). Figure 1 shows the resulting linearized relationships for a 
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Figure I. Percentage of population “dissatisfied” by noise. 
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percentage of population “dissatisfied” at any Leqz4 level for air, road and rail. Some 
Japanese work on their high speed train, only partially available in translation, contained 
results of questions from which an aircraft style Guttman scale of “annoyance” could be 
constructed, and this shows rather greater sensitivity than that in the French study, but a 
similar slope. One point from a single site survey in the U.K. tended to confirm the French 
data, and so this was accepted an an appropriate relationship for the U.K. (which has since 
been confirmed by the survey of Walker and Fields [S]). 

The appropriate percentage of population “dissatisfied” can then be applied to the 
exposed population data to obtain the overall number of people dissatisfied over the whole 
U.K. rail network. 

3. RESULTS 

The numbers of people likely to be dissatisfied by trackside railway noise in the U.K. are 
given in Table 4, the overall total being 105 900. 

The figure for motorways and principal “A” roads in the U.K., derived in a similar manner, 
was 4840000, and from another source [6] for all airport noise (including international 

TABLE 4 
Population dissatisfied 

Track 
Trackside Track length Number 
density p (km) dissatisfied 

Main line Con. 3360 638 45200 
Mix. 827 3871 44700 
Rur. 118 2396 3100 

Secondary Con. 3360 469 2800 
Mix. 827 4550 9000 
Rur. 118 3100 1100 

Total: 105900 

flights) 3370000. The road figure would increase considerably (to 11000000) if all major 
roads were included, but the ligure derived was intended to be only for main coach and 
freight routes, to be more comparable with the rail figure. The airport figure should perhaps 
be reduced to the proportion associated with domestic traffic, which might reduce it to 
about 1100000. 

In any event the rail impact is more than an order of magnitude less than those of the 
other modes. This tends to be confirmed by the preliminary results of the U.K. National 
Environmental Survey [7] of some 5315 people scattered over the country, where the ratios 
of people “bothered” by noise from the three modes are similar to those of the present 
estimate (see Table 5). 

4. CONCLUSIONS 

This somewhat generalized method gave reasonably realistic results for overall U.K. 
rail noise impact, and hence may give a useful indication of the effects of changes in stock 
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TABLE 5 
National environmental survey comparison 

Road Air Rail 
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“/, Hearing 89 83 35 
“,‘, Bothered 23 13 2 
1:,, Bothered/hearing 26 16 6 
“/,, Biggest nuisance 16 8 1 

% Dissatisfied (present estimate) 9(20) 6 0.2 

and operations on noise impact. The replacement of all old Mk I and II passenger stock 
by the new quieter Mk III is an obvious case. 
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