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Noise abatement planning in The West Railway (Finland)
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Based on calculation analyses, the train traffic of the West Railway project would cause the guideline values
for night-time noise levels to be exceeded in the yards and facades of more than 900 residential buildings
if no noise abatement measures were implemented in the project. The noise levels on the facades of
residential buildings would exceed 75 dB (Larmax) On the facades of approximately 1400 residential
buildings without noise abatement measures. With the planned noise abatement measures, a significant
proportion of residential sites can be protected to a level that complies with the noise levels of target values
for the planning. Property-specific noise abatement measures enhance the noise abatement of railway
projects by reducing the nuisance caused by noise indoors and by improving the cost-effectiveness of noise
abatement.

1 Introduction

The West Railway is a partly double-track train connection planned between Helsinki and Turku. The new train
connection consists of four parts: the Espoo City Railway, the Espoo—Salo direct line running from Espoo via Lohja to
Salo, the Salo-Turku double track and the Turku railway yard area from Kupittaa station to Turku Central Railway
Station.
The straightening of the Espoo—Salo direct line and the Salo—Turku railway connection will significantly shorten the
Helsinki—Turku rail connection, and the double-track system will make traffic smoother. In addition, the rail connection
will provide an opportunity for commuter traffic to completely new localities.
The West Railway project, which is in the planning phase, consists of the following railway plans:

e Espoo-Lohja, divided into sections Espoo-Hista and Hista-Lohja (Espoo-Salo direct line)

Lohja-Salo (Espoo-Salo direct line)
e The total length of the Espoo — Salo direct line sections is 98 km (Espoo — Lohja — Salo)

Salo-Hajala (Salo-Turku double track), length of the track section 10 km

Hajala-Nunna (Salo-Turku double track), length of the track section 34 km

Nunna-Kupittaa (Salo-Turku double track), length of the track section 8 km



The total length of the project's railway sections is approximately 150 km, of which 98 km is a completely new railway
section and 52 km is being upgraded to a double-track section. The maximum speed of passenger trains is 240 km/h, but

the track geometry is also designed to allow trains running at 300 km/h.
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Figure 1: The railway alignment of the West Railway project and the locations of the stations planned for the project

area.

2  Criteria for the dimensioning of noise abatement in railway

2.1 Current practice in Finland

In Finland, noise abatement in transport projects is planned using the guideline value levels in accordance with
Government Decision 993/1992 as criteria. These guideline values represent the average equivalent sound levels for day
and night time in 15-hour and 9-hour periods, Laeg7-22 and Laegzo-7 (Table 1). Guideline values have been given for
residential areas, areas intended for holiday homes, recreational areas and nature reserves. The same Government decision
also includes guideline values for indoor noise levels in residential, patient and accommodation rooms, as well as in
teaching and meeting facilities. Noise abatement in transport projects is usually planned by applying only the guideline
values given for outdoor areas.

Table 1. Criteria for outdoor noise levels in the assessment of noise impacts and in the planning of noise abatement [1] .

Description of the area

Daytime 7 a.m. to 10
p.m. average sound

Nighttime 10 p.m. to
7 a.m. average sound

level guideline level guideline

Outdoor areas
Areas used for housing, areas used for holiday
accommodation in built-up areas, recreational areas in built-

L . o - 55 dB 50 dB
up areas and their immediate vicinity, and areas serving care
and educational institutions
qulday home buildings, campsites, recreation areas outside 45 dB 40 dB
built-up areas and nature reserves
Indoors
Residential, patient and accommodation rooms 35 30
Teaching and meeting facilities 35
Office rooms 45




2.2 Taking into account the maximum momentary noise level

According to the World Health Organization (WHO), the primary effects of noise on sleep are difficulty falling asleep,
waking up, and changes in the depth of sleep levels [2]. Other primary physiological effects caused by noise during sleep
include increased blood pressure and heart rate, changes in respiratory rate, and constriction of blood vessels. Secondary
effects of noise exposure that cause sleep disorders include reduced sleep quality, fatigue, depression and reduced
performance. The World Health Organization recommends that the instantaneous maximum noise level (Lamax) or the
noise sound exposure level (SEL) be used as noise indicators if the noise is formed by individual noise events that stand
out from the background level. According to the WHO [2], the maximum instantaneous level of noise with Fast time
constant correlates best with the sensation of loudness. This is especially evident in environments with low noise
background levels. The WHO recommends that night-time noise events with instantaneous levels exceeding 45 dB should
be avoided.

In Finland, no guideline values have been issued for the momentary maximum levels of noise caused by traffic in terms
of route planning, which may lead to an underestimation of the noise nuisance caused by train traffic. In Finland, the
momentary maximum level of noise is considered in the guidelines for land use planning and in the assessment of the
health impacts of dwellings. The situation in accordance with the current regulations and official guidelines is
contradictory in terms of considering the momentary maximum level of noise. According to the current regulations, the
railway line can be designed in such a way that the momentary maximum level of noise is not taken into account.

2.3 Noise level criteria applied in the West Railway project

In the West Railway project, the use of the momentary maximum level as a noise indicator has been deemed necessary,
because the noise nuisance caused by train traffic is largely caused by momentary strong noise events. This procedure is
similar to the current procedure for land use planning in Finland, which takes into account the momentary high sound
pressure levels caused by air traffic and rail traffic. Regarding the outdoor areas of properties, the guideline values for
average sound levels in accordance with Government Decree 993/1992 [3] have been used as design criteria.

The criterion used for the design of property-specific noise abatement is the noise level of 75 dB (Larmax) at the fagade of
the residential building. A residential building is included in the planning of property-specific noise abatement if the noise
level of its facade exceeds 75 dB (Larmax)-

With regard to the instantaneous maximum noise level (Larmax), @ noise level of 45 dB has been used as the target level
for noise abatement indoors. This criterion is a guiding goal for the design, which is aimed at achieving at a reasonable
cost. The maximum permissible maximum level for the momentary maximum level of noise is 55 dB (Larmax). This
criterion is introduced if the target level of 45 dB (Larmax) Cannot be achieved by reasonably cost-effective means.
Exceeding the maximum level of 55 dB (Larmax) leads to redemption consideration of the property, in which the guideline
values for indoor noise in the Government Decision [1] have been applied (Table 1).

The noise level criteria applied in the project are similar to the noise level criteria used in Sweden for the planning of
traffic routes, with the exception of the criterion for the instantaneous maximum noise level applied to outdoor areas in
Sweden.

3 Means of noise abatement

3.1 Alternatives for the dimensioning of noise abatement examined with noise
calculations

In the planning phase of the West Railway project, the noise abatement procedures have been examined computationally
using three alternative procedures:

e Option 1. SUPER noise abatement, in which the noise barriers placed in the railway area are dimensioned for
maximum protection in accordance with the criteria for outdoor noise levels in Government Decree 993/1992.
In practice, this has meant that more noise barriers have been proposed in the design and they are higher than
normal

e Option 2. Traditional noise abatement criteria, in which noise protection is dimensioned in accordance with the
criteria for outdoor noise levels in the VNP 993/1992 guideline values. Noise abatement will be implemented
with noise barriers placed in the railway area, taking into account the feasibility of noise abatement.



e Option 3. Dimensioning of noise abatement in accordance with the criteria of the West Railway project, which
takes into account the momentary maximum level of noise. Noise abatement is carried out by placing noise
barriers in the railway area and by measures carried out in properties.

The project has decided to apply the procedure in accordance with option 3, in which the momentary maximum levels of
noise have been included in the noise abatement planning criteria.

3.2 Planning of property-specific measures

Taking into account the momentary maximum level of noise levels requires the use of cost-effective noise abatement
measures. The means of noise abatement have had to be expanded to cover noise abatement in properties as well. This
procedure is new in Finland, as noise abatement in traffic projects has so far only been carried out with noise barriers
built in road and railway areas. The procedures and guidelines used in Sweden have been applied in the planning of
property-specific noise abatement [3].

A property-specific noise abatement plan has been drawn up for residential and holiday buildings whose facades are
subject to a momentary maximum noise level of more than 75 dB (Larmax). The above-mentioned 75 dB criterion is based
on the fact that the sound insulation (sound level difference) of the building's fagade is estimated to be at least 30 dB.

The planning of property-specific measures during the railway planning phase has been based on the observations of
inspections carried out at the properties and a calculated estimate of the noise levels caused by train traffic in the building
and its yard areas.

The inspections of the properties have been carried out from outside the buildings and information on the structures has
been requested from the property owners. Based on the type, condition and wall structures of the windows, a preliminary
assessment of the sound insulation achieved by the structures (difference in sound level) has been made. This estimate is
based on a classification based on a computational analysis of the sound insulation properties achieved with different wall
structures and window types.

Property-specific measures have also been planned to protect the outdoor areas of residential buildings. The planned
measures have included glazing of balconies and terraces and noise barrier structures in the vicinity of the seating areas.
These measures have been aimed at improving the comfort of living.

3.3 Formation of the costs of noise abatement

Based on calculation analyses, the train traffic of the West Railway project would cause the guideline values for night-
time noise levels to be exceeded in the yards and facades of more than 900 residential buildings if no noise abatement
measures were implemented in the project. The noise levels on the facades of residential buildings would exceed 75 dB
(Larmax) on the facades of approximately 1400 residential buildings without noise abatement measures.

In the alternative based on the maximum dimensioning of noise abatement in the railway area (Alternative 1, SUPER
noise abatement), the total length of the noise barriers in the project is approximately 142 km. In alternative 2 (traditional
noise abatement dimensioning), the total length of the noise barriers is approximately 89 km. In alternative 3
(dimensioning in accordance with the Western Railway project), the total length of the noise barriers is approximately 75
km.

At the planning stage, the costs of noise abatement for measures to be carried out in the railway area are estimated from
the lengths and heights of the planned noise barriers multiplied by the unit price of the noise barrier structure. In all noise
abatement sites, the same unit cost has been used as the unit cost of noise wall structures.

The costs of property-specific noise abatement are based on the observations made in the inspections carried out in the
properties and the proposals for noise abatement measures to be implemented in the properties. In the project, measures
to improve the sound insulation of residential buildings have been planned for a total of 368 properties. For the most part,
the planned measures are the replacement of the windows and exterior doors of the buildings. The costs of property-
specific measures have been calculated as part of the noise abatement costs in accordance with option 3.



4  Comparing the costs and efficiencies of noise abatement

4.1 Shares of noise abatement costs in the total costs of railway sections

Estimates of the relative proportions of noise abatement costs to the total costs of the project vary between 5 and 11% of
the alternatives in the reviews. The relative differences in the costs of noise abatement between railway sections vary
between 5 and 22 per cent (alternative 1), 3 and 22 per cent (alternative 2) and 3—-21 per cent (alternative 3).

Table 2. The relative proportions of noise abatement costs by track section and for the entire West Railway project with
three alternative noise abatement dimensions and noise abatement procedures.

Option 1. SUPER noise Option 2. Traditionel Option 3. West Railway
abatement noise abatement Noise abatement
Track Section Noise abatement cost % | Noise abatement cost % | Noise abatement cost %
Espoon - Kirkkonummi, RAS 1 7% 7% 7%
Vihti - Lohja RAS 1 5% 5% 4%
Lohja - Salon RAS 2 14 % 3% 3%
Salo-Hajala RAS 3 18 % 9% 10 %
Hajala-Nunna RAS 4 9% 9% 7%
Smooth-Cupita Ross 5 22 % 22 % 21 %
Track Section Espoo - Turku 11% 6 % 5%

The relative costs of noise abatement are highest on railway sections, where the railway alignment is located in densely
populated areas and there are many noise barriers located in the railway area. Noise abatement based on maximum noise
abatement is more than twice as expensive as the noise abatement procedure used in the project.

With the planned noise abatement measures, a significant proportion of residential sites can be protected to a level that
complies with the guideline values for night-time noise levels. In a comparison of noise abatement design options, the
largest proportion of protected residential buildings is achieved with noise abatement that is maximally dimensioned for
the railway area. However, the differences in the proportions of protected buildings are not large (Table 3).

The protection efficiency of option 3 (dimensioning in accordance with the West Railway project) is the best when
examining the effects of noise protection on the momentary maximum level of noise. In this review, the property-specific
measures in option 3 are estimated to achieve indoor protection so that the noise level inside residential buildings does
not exceed 45 dB (Larmax).

Table 3. The relative proportions of residential sites protected by noise abatement with dimensioning and measures
according to different alternatives.

SUPER noise
abatement

Traditionel noise
abatement

Lansirata Noise
abatement

Noise level indicator

Protected buildings

Protected buildings

Protected buildings

Night-time mid-range sound level, Laeq22-7

93 %

90 %

88 %

Maximum instantaneous noise level, Larmax

82 %

2%

91 %

(* The review concerns the noise levels directed at the yard areas of residential buildings and does not take into account
the attenuation achieved by property-specific measures in the interior of buildings.



4.2 Comparison of the cost-effectiveness of noise abatement

The dimensioning of noise abatement and the means of noise abatement applied in the West Railway project (alternative
3) are better in terms of cost-effectiveness than the cost-effectiveness of the other two alternatives. The costs of alternative
1 (SUPER noise abatement) are 100% higher and the costs of alternative 2 (traditional noise abatement dimensioning)
8% higher than those of alternative 3 (dimensioning in accordance with the West Railway project) when comparing the
cost-effectiveness per residential building protected from noise exceeding the night-time guideline level (Table 4).

The cost-effectiveness of option 3 is significantly better when the instantaneous maximum noise levels (Larmax) are used
as the key figure for the comparison. In this case, the costs of Alternative 1 (SUPER noise abatement) will be
approximately 130% higher and the costs of Alternative 2 (traditional noise abatement dimensioning) approximately 40%
higher than those of Alternative 3 (dimensioning in accordance with the West Railway Project) (Table 4).

Table 4. Cost-effectiveness of noise abatement for alternatives 1 and 2 in relation to the costs of alternative 3. Cost-
effectiveness refers to the cost at which a building can be protected to a level that meets the targets.

Option 1, SUPER Option 2, Option 3, West
noise abatement Traditionel noise Railway Noise
abatement abatement

The Noise level indicator

Noise abatement

Noise abatement

Noise abatement

cost % cost efficiency % cost efficiency %
Night-time mid-range sound level, Laeq22-7 +100 % +8 % -
Maximum instantaneous noise level, Larmax +132 % +39 % -

5 Conclusions

In new railway projects, noise abatement should be dimensioned on the basis of the momentary maximum levels of noise
caused by train traffic. In order to avoid significant noise nuisance, this procedure should be introduced, even if it is not
required by the current legislation. Correcting undersized noise abatement afterwards can prove to be very difficult.

The costs of noise abatement in railway projects make up a significant proportion of the total costs of the project. The
dimensioning of noise abatement structures according to the principle of maximum abatement will lead to more than
double the costs of the current dimensioning and the dimensioning applied in the West Railway project. The planning of
noise abatement inevitably has to meet the boundary conditions set for cost-effectiveness.

Property-specific noise abatement measures enhance the noise abatement of railway projects by reducing the nuisance
caused by noise indoors and by improving the cost-effectiveness of noise abatement.
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