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ABSTRACT

This study describes a method of predicting railway noise in Greece. A series of measurements were
conducted for the first time in Greece in order to investigate the specific characteristics of railway noise
in the Greek network of railways. Based on the results of these measurements, a prediction model has
been formulated and a measurement methodology has been proposed. Finally, a legislation with higher
acceptable railway noise limits is proposed.

1 - INTRODUCTION

Many social surveys on the environmental effects of railway noise have been conducted in various countries
[1—5]. The results of these studies show that railway noise can cause annoyance to the neighborhood.
In particular, telephone conversation and listening to TV, radio or listening to music are reported as the
most affected activities. Thus, the prediction of railway noise becomes very important, particularly in
the case of planning new railways. In addition, prediction can be also used to estimate the noise level
from existing railways.

Because of the specific characteristics of railway noise in every country, due to different vehicle used
and to track types and conditions, prediction models designed in various countries [6—10] could not be
applied in Greece, unlike the models for road traffic noise and aircraft noise. Thus, in order to determine
the acoustical characteristics of railway noise in Greece, for the first time, a series of noise measurements
emitted by the vehicles used in the Greek railway lines were conducted.

2 - MEASUREMENTS

From the social surveys mentioned above, acoustic index L 4.4 (A-weighted equivalent noise level) mea-
sured outside, in front of the facade, proved to be the most suitable to determine general annoyance
caused by railway noise. The current study uses Lacq,12h, i.-6. Laeq measured between 08.00 and 20.00
hours. Also, Lamax (maximum A-weighted noise level) measured at a distance of 25m from the track
centerline and at a height of 1.2m above the tracks is used to describe the pass-by noise level for a single
train. This level which is called basic reference level is necessary in the case of railway noise prediction
and depends mainly on speed and the specific characteristics of vehicles and tracks.

Four categories of trains are in current use in Greece, i.e. Intercities (IC), Self-propelled cars, Diesel
passenger trains (DI-passenger), and Diesel fright trains (DI-fright). For each of these categories the
basic reference level was estimated from measurements as a function of speed V. For that reason the
time history of noise during pass-by was recorded in open field at a distance of 25m from the track
centerline and at a height of 1.2m above the track level. From these recordings L omax was calculated.
Measurements took place at four different locations for all four categories of trains and different speed
velocities. A sample of 20 intercities, 25 self-propelled cars, 14 diesel passenger trains and 10 diesel fright
trains was measured. In Fig. 1 measured values of L gnax and the corresponding regression curves are
shown. Applying regression analysis to the measurement results, analytical expressions of L gpax as a
function of speed V were obtained (table 1).
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Figure 1: Measured values of L 4.4, and regression curves for all train categories.
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Train category

Lamaz (AB(A)) at a distance of 25m and height of 1.2m

Intercity

L pgmax = 83.5 4 14.5 x log (V/60)

Self-propelled cars

L amax = 82.3 + 11.1 % log (V/60)

D-passenger

L amax = 85.4 + 18.6 = log (V/60)

D-freight

L amax = 84.5 + 10.3log (V/60)

Table 1: Reference level L gnq. as a function of speed.

3 - RAILWAY NOISE PREDICTION
The railway noise prediction method presented below requires the knowledge of area topology, speed and
traffic load characteristics. The prediction process starts with the noise level Lgmax at the prediction
location due to the pass-by of a single train. The same procedure is applied for all train categories passing
from the area. The calculation is based on the basic reference levels given in table 1, which are then
corrected for transmission loss due to the distance, the air, the ground and meteorological conditions
[11], [12].

L
(Lax); = (Lamax); + 10log (3.6V + 100)

6d

d
(I/AX)Z = (LTAmaX)i -+ 1010g <V> + 8.6

(LAeq)i = (LAX)i — IOIOgT

(LAeq)j = (LAeq)i + 101Og]\/vZ

M
Lacg = 10log | Y 10Fea)s/10

j=1
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After the corrected basic reference levels L’y .. have been calculated, one can calculate (Lax); (single
event exposure level) using equations 1 or 2 in case of Diesel hauled trains. Equation 3 gives (Laeq),
(A-weighted equivalent noise level) for a single train pass-by, while equation 4 gives (L Aeq)j which is the
total noise level produced by all trains of the same category. Finally, from equation 5 the overall noise
level L aqq due to all trains passing from the area between 08.00 and 20.00 hours is obtained. Following
this process a software has been developed to predict railway noise level at a specific location.

4 - RAILWAY NOISE MEASUREMENT

Measuring railway noise is a complex and time consuming process, due to the fact that it requires a great
number of simultaneous measurements covering all train passages in a wide area for at least 12 hours.
For that reason a combined method of measurement and calculation is used. At fixed points the noise
produced by passing trains is measured, and further noise levels are then calculated taking into account
the number of trains, type of trains, etc.

t L ,max
L acq = 10log (}010’”‘10 ) (6)
L geq (N trains) = L, (1 train) + 10logN (7)

The quantities which can be derived directly from measurements are the time history of sound pressure
level Ly 4, the maximum sound pressure level L4 max during the measurement and the exposure time t,.
Then one can calculate L., due to a single train passage using equation 6, where T is the calculation
time in s. Next, applying equation 7, L 4.4 due to N trains of the same category can be derived. Finally,
by adding the different levels corresponding to different train categories, the overall L 4., (08.00-20.00)
is obtained.

5 - CONCLUSIONS

A railway noise prediction model has been developed based on the analytical expressions of table 1 which
relate the basic reference level L omax with speed V. These expressions were obtained from measurements
in the Greek railway network. Using this model one can predict noise level at a fixed point assuming that
area topology, speed and traffic load characteristics are known. As for the railway noise measurement, a
combined process of measurement and calculation, that determines L 4.4 (08.00-20.00) has been proposed.
Finally, in agreement with traffic noise, it is proposed to adopt the level of 67dB(A) as the higher
acceptable railway noise limit for L 4., measured at a distance of 2m from the building’s facade.
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