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Norwegian regulations regarding indoor sound pressure levels have been in force since 1997. In existing
residences exposed to existing noise sources the regulations state that indoor levels shall not exceed an
LAeq,24h of 42 dB. The responsibility of sound reduction measures lies with the owner of the noise
source. The regulation states that the indoor level is derived assuming closed windows and closed
ventilation devices. A change in the regulation is now being evaluated. It would be more realistic to
assume open ventilation devices. Earlier studies have indicated that the critical cases are situations where
the ventilation devices face the noise source directly. The presented investigation has concentrated on the
difference in indoor levels for two types of ventilation devices common in older houses. Calculations are
based entirely on empirical data. The types of noise sources considered are roads, railways, trams and
subways, two situations for each source. Five general types of houses of typical Norwegian construction
are considered. The paper will present the reported results from the calculations based on field data and
considerations on the validity of the methods. The Norwegian Climate and Pollution Agency has
commissioned the work, and has permitted the results to be presented at BNAM.

1 Introduction

The work was originally presented as a project report [1]. The scope of work was to evaluate the difference in indoor
noise level between situations with open and closed ventilation devices and, if possible, to find a way to calculate the
level difference between open and closed ventilation devices for a given house. Present regulations concerning noise
from existing sources to existing houses [2] state that indoor levels should be calculated assuming closed ventilation
devices. Part of the process of updating the regulations was an evaluation of the requirement of closed ventilation
devices. A theoretical evaluation [3] of the difference between open and closed ventilation devices was part of the input
for the decision whether open or closed ventilation devices should be used in future calculations. This evaluation was
based on the standard Norwegian calculation method for indoor noise from outdoor sources [4]. From this earlier work
it was clear that the critical cases were situations with ventilation devices on the most exposed fagade. It was also clear
that only two types of ventilation devices were critical for indoor noise:

o Slits in the window
o Simple openings in the wall
The presented work in this paper uses an empirical approach based on spectra for:
o facade sound insulation measurements
e outdoor immission measurements for different types of noise sources
o measurements of the difference between open and closed ventilation devices

The regulations relevant to this study only apply to older houses with poor sound insulation. The study does not include
special noise windows, balanced mechanical ventilation or ventilation devices with special noise treatments. The



calculations were made based on data in our database at the time the study was performed (April 2009). The database is
continuously updated, and a new calculation would give slightly different results.

The Norwegian Climate and Pollution Agency recommends that future updated regulations use indoor level calculated
assuming open ventilation devices [5].

2  Method

2.1 Principle

The method calculates the difference between outdoor and indoor A-weighted equivalent level. The basic principles of
calculating an expected level difference with closed ventilation devices based solely on field measurements have been
presented earlier for road traffic noise [6] and tram noise [7]. The data are taken from a field measurement database [8].
Only the spectrum shape is of interest for this study, thus the levels have been normalized so that the A-weighted level
is set to 0 dB for each spectrum, eq. 1:

Lf,normalized = I—f - I—A

In this study outdoor spectrum shapes are selected for 8 different cases. Differences between outdoor and indoor levels
are selected for 5 different cases. These differences have been collected using a simplified measurement method [9].

The indoor level, with closed ventilation devices, in dB relative to the outdoor A-weighted level is calculated in 1/3-
ocatve bands for each combination of noise source and building type. The difference between outdoor and indoor level
is given as the energy average of the A-weighted level difference. The validity of this approach has been discussed
earlier [6, 10, 11]. It would seem that the method gives quite good accuracy for existing houses.

Finally, the difference between open and closed ventilation devices has been calculated by adding the difference
spectrum from field measurements to the indoor level with closed ventilation. This approach has been described in
theory [12], but this is the first practical test of the approach. The quoted results in table 4 are the differences between
the calculated average with closed ventilation devices and open ventilation devices.

2.2 Selected outdoor spectra

Four types of sources with two situations for each were selected for the study. These sources are shown in table 1
below.

Table 1, outdoor spectra included in the study

Type of source | Selection criteria # spectra included
) Speed limit 50 km/h, distance less than 30 meters 222
Road traffic .
Speed limit 90 km/h 814
. . Freight trains 52
Railway noise ) )
Airport express trains 58
SL 79 tram sets 114
Tram
SL 95 tram sets 212
MX 3000 trains 894
Subway )
Older T1000-1300 trains 1683

For the road traffic noise spectra Leq values are used. For the other, railbound sources, the SEL spectra are used.

2.3 Selected level differences

There are five types of houses that have been considered in this study. These are described in table 2 below.



Table 2, house types considered

Wall construction Type of window Type of ventilation # houses included
Heavy wooden, usually timber | Two separate single glasses | Simple opening in the wall 9
Light wooden structure Double glazing Simple opening in the wall 30
Light wooden structure Double glazing Slit in window 53
Masonry/concrete Double glazing Simple opening in the wall 3
Masonry/concrete Double glazing Slit in window 5

Modern Norwegian houses usually have better sound insulation properties than the ones considered in this study.
2.4 Selected ventilation devices

The two main types of ventilation openings are simple holes in the walls and slits in the window. The number of cases
taken into consideration is shown in table 3 below.

Table 3, ventilation devices

Type of ventilation device | # cases

Simple opening in wall 20

Slit in window 35
Figure 1 shows the difference between open and closed simple openings in the wall.
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3 Calculated results

Level difference, slits in window

The results of the calculations are presented as the difference between open and closed ventilation devices. Table 4
shows a summary of the results. These results are the averages obtained by calculating all relevant combinations of
noise source, construction type and ventilation device. The given values are the differences between the A-weighted
indoor equivalent level with open and closed ventilation devices.

Table 4 - Summary of results
Difference between open and closed ventilation device (dB)

Noise Situation | Heavy wood, | Light wood, | Light wood, | Masonry/con | Masonry/con | Average for
source two  single | double double crete,double | crete, double | all types of
windows, glazing, hole | glazing, slit | glazing,hole | glazing, slit | construction
hole in wall in wall in window in wall in window
Road 50 km/h, | 2,5 34 3.4 4,5 3,1 3,4
traffic distance
less than
30 meters
90 km/h | 3,2 3.9 3.8 4,9 3,6 3.9
Railway | Freight 2,2 2,8 3,1 3,7 2,7 29
Express 2,5 3,2 3,6 4,2 3.4 3.4
Tram SL79 2,2 2,8 3.4 3,6 3,1 3
SL 95 2,6 3,3 3,1 4,2 2,8 3,2
Subway | MX 18 2,3 3.2 3,1 2,8 2,6
T1000- 1,9 2,3 3,1 3,1 2,8 2,6
1300
Average for all noise | 2,4 3 34 3.9 3 3,1
sources




4  Discussion

There are three main points of discussion:
o Validity of the method
o Application of the results
o Practical recommendations

4.1 Validity of the method

The method has been suggested as a theoretical idea [12]. It’s clear that the same ventilation device will give one
difference spectrum between open and closed position in one facade, and another difference spectrum in another facade.
It could be argued that it would be better to calculate the increase in sound level going through the open ventilation
device. Such an approach would seem to avoid the problem that the effect of opening the same ventilation device gives
different results in different facades.

There is a problem in determining the amount of sound going through the ventilation device in a field situation,
however. The achievable accuracy of the measurements may not be good enough to give a good indication of the sound
insulation properties of the ventilation device.

The question requires further research.

4.2 Application of the results

Our calculations give a grand total average of the difference in indoor level between open and closed ventilation
devices. This means that the results from table 4 can be used for large scale evaluations of regulations. It seems difficult
to give any guideline as to how to calculate the effect in a given case for a single house. From figures 1 and 2 it would
seem that simple openings in the wall give slightly more indoor noise at mid-frequencies and much less indoor noise at
high frequencies (above 1 kHz) than slits in the window. Still, there are large variations between individual cases.

4.3 Practical recommendations

An open ventilation device will lead to a higher indoor noise level than a closed device. Our investigations so far give
no basis for a prediction of this increase in noise for a given house and a given noise source. For all the studied
combinations of noise source, building construction and type of ventilation device, the difference in A-weighted Leg is
between 1,8 dB and 4,9 dB. It would seem that a grand average of 3 dB would be a reasonable estimate for any group of
houses and any noise source. For a single house, the difference in indoor noise level could be anything between 0 and
10 dB.

It’s not considered desirable to have to revert to measurements in order to determine the effect of open ventilation
devices for a single house. There’s no certain way to predict the effect of open ventilation devices from our study. We
would recommend further investigations based on field data, specifically aimed at finding a reliable and practical
method of predicting the difference between open and closed ventilation devices.

5 Summary

The difference in indoor noise levels from outdoor sources between open and closed ventilation devices has been
investigated. The scope of the study is limited to simple openings in the wall or slits in the window, directly facing the
noise source. This study is based on field measurements of fagcade sound insulation and the difference between open and
closed ventilation devices. The grand average of the difference is about 3 dB. There’s no certain way to predict the
difference in A-weighted indoor level in any given single case, it could be anything between 0 and 10 dB.
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