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INTRODUCTION

Department of Civil Engineering/ Structural Engineering
at Tampere University of Technology and Department of
Energy technology/ Heating Ventilating and Air Conditioning
at Helsinki University of Technology have carried out two
large scaled studies in Finnish detached houses and
apartments. In a study “Airtightness, indoor climate and
energy economy of residential buildings”, the indoor and
outdoor climates, indoor moisture excess, ventilation
performance, energy consumption and airtightness in 70
Finnish heavyweight detached houses (concrete, masonry and
log houses) and 56 apartments were studied between years
2005 and 2007 [1], [2]). This research project is closely
related to a previous study “Moisture-proof healthy detached
house”, in which the same type of field measurements were
carried out in 100 timber-framed detached houses between
years 2002 and 2003 [3], [4].

The air tightness of Finnish detached houses have been
studied earlier on a large scale at the begifining of 1980’s.
One aim of these studies was to determine the current level of
air tightness in modern detached houses and apartments. This
paper is based on the measurements of air tightness done in
the projects mentioned above.

OBJECTIVES OF AIRTIGHTNESS MEASUREMENTS

The purpose of these researches was to study the impact
of different structural solutions and other factors on air
tightness. The objectives of these studies were:

e to determine air tightness values of detached houses
and apartments and to compare airtightness of
different envelope assemblies

o to determine typical distribution of air leakages in
detached houses and apartmens with different
envelope assemblies

e to determine recommended target values of
airtightness with taking into consideration energy
consumption, moisture convection, pressure ratio of
building and feeling of draught
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¢ to develope principles of checking procedure of
airtightness of buildings

e to produce design recommendations for improve
airtightness of different assembly types and joints.

MEASURED HOUSES

The air change rates were measured in 100 timber-
framed houses, 20 log houses, 50 concrete and masonry
houses and 56 apartments. The fan pressurisation test was
done in all studied houses and the air leakages were located
with help of thermographic camera in approximately 30 % of
the studied heavywight houses or apartments.

RESEARCH RESULTS

Mean air change rates. The mean air change rate at
50 Pa, measured with fan pressurisation method, was in 100
timber-framed houses 3.9 1/h, in 10 houses built from AAC
blocks 1.5 1/h, in 10 houses built from LWAC blocks 3.2 1/h,
in 10 houses built from bricks 2.8 1/h, in 10 houses built from
shuttering concrete blocks 1.6 1/h, in 10 houses built from
concrete elements 2.6 1/h and in 20 log houses 6.0 1/h. The
mean nsg-value of 20 apartments in multi-storey houses built
from concrete elements was 1.6 1/h. In concrete-built multi-
storey houses, in which the intermediate floor was cast on
site, the mean ns-value of 23 apartments was 0.7 1/
16 apartments in timber-framed multi-storey houses had a
mean nse-value 2.9 1/h. In Figure 1 are shown summary of
the results of the measured single-family detached houses.
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Figure 1: Air change rates of single-family detached houses
normalized by indoor volume (nsp). The mean values and the
range of the results.

The air tightness of whole staircase including apartments
in one apartment house was also measured in the study. The
result by using blower-door method was 0.9 1/h and by using
the air exhaust unit of the house was 1.2 1/h. The difference
of the results is not significant. The nse-values of three
measured apartments (1.3 1/h, 4.3 1/h and 1.7 1/h) were
higher than the nsp-value of the whole staircase including
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apartments. The possible air flow from apartment to staircase
or to apartments adjacent to the measured apartments has
influence on air change rates of single apartments.

Factors affected to air change rates. Different factors
(construction method and the insulation material in timber-
framed houses, seam insulation material in log houses, ceiling
structure in heavyweight houses among others) were noticed
to have an effect on the average values of air change rates.
The concrete and masonry houses with heavyweight roof
assembly were on average tighter than with wood roof
assembly (1.5 1/h vs. 2.6 1/h). The difference of air change
rates of the concrete and masonry houses with slab-on ground
and with concrete scrawl space was not significant (2.4 1/h
vs. 2.6 1/h). The same result was noticed when concerning
timber-framed detached houses (4.0 1/h vs. 4.4. /h). The air
change rates of multi-storey concrete and masonry houses
were lower than of one-storey concrete and masonry houses
(2.9 1/h vs. 2.1 1/h). The timber-framed houses had the
opposite situation (3.8 1/h vs. 4.4 1/h). The difference was a
consequence of the fact that jointing of intermediate floor and
wall structure weakened air-tightness of timber-framed
houses. It is however important to take into account the fact
that the samples were small in some cases.

The wide range of air change rate results in same kind of
houses indicates the importance of construction quality in
achieving good air tightness. Therefore the report, in which
the air tight joints of different assemblies and details are
represented was also published during the later research [5].

Measured air change rates vs. Finnish building code
recommendations. There is no regulation for air change rate
ns, in National Building Code of Finland. The nsp-value i.e.
air change rate at 50 Pa is recommended to be one air change
per hour (1.0 1/h) or lower value in order to guarantee a
proper function of ventilation devices [6].

The National Building Code of Finland part D3 [7] takes
into consideration leakage air flow in compensation
calculation of heat loss. The basic value for ns is 4.0 1/h.
The lower ng-value can be used if it is determined by
measurement or by some other way. If higher nso-value than
2.0 1/h is used, the effect of difference between 2.0 1/h and
used value for energy consumption has to be compensated
some other way.

The results of the researches showed that the air tightness
of most buildings does not reach the recommended air change
rate nso in Finland. The present basic value 4.0 L/h is near the
mean air change rate measured from timber-framed houses
(3.9 1/h). Most important result, however, is that good air
tightness is possible to reach with all house types and with all
kind of assemblies and methods of construction.
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Quality assurance instruction. One aim of the later
research was to create a quality assurance instruction [8] to
ensure the air tightness of certain residential house type. The
industrial house constructors can use this instruction so that
they can declare a certain ns-value for their house type
without measuring all the houses they have built.
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