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ABSTRACT
The building which was made of timber-framed elements, was studied under real indoor and

outdoor conditions near the city of Turku, Finland. In the beginning of the research a measuring
apparatus based on computer was made. Apparatus is very easy to modify and it is based on new
building physical test equipment built in our laboratory. Measured wall structure types were two:

a cellulose insulation wall with a air barrier and a mineral wool insulated wall with a vapour
barrier. Relative humidity and temperature of air in the porous space of the structure, and indoor
and outdoor air conditions were the most interesting measuring data. Measured data indicated, for
instance, that permeable wall structures have risk for condensation and mould growth. It was also
examined that the moisture increase of indoor air might be rather high especially in winter.

might also be rather high. Moisture loads
towards the wall structures might cause
The climate conditions here in Finland are problems, for example mould growth or

1. INTRODUCTION

quite problematical to builders in view of
building physics. Relative humidity of outdoor
air is usually over 60 % (average) and
fluctuation of outdoor temperature is rather
high. Also moisture increase of indoor air

condensation behind wind shield. It has been
nowadays large discussions in Finland that
how permeable inner parts of wall structures
could be.
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Laboratory tests have been done earlier in
Laboratory of = Structural Engineering at
Tampere University of Technology (TUT).
The main objectives of this research were
interested to compare two different types of
wall structures in real climate conditions,
designing a new measuring equipment and
also to compare laboratory test results to
measured data from the real building.

2. MEASURING EQUIPMENT

In the beginning of the research a measuring
apparatus based on computer was made (fig.
1). Equipment is very easy to modify and it is
based on new building physical test equipment
built in our laboratory. More closely
functioning of this kind of equipment is
described in reference [1].
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Figure 1. Principle of measuring equipment.

Before starting the measuring, the control
program’s input files are prepared by entering
data (calibration factors of sensors, time
factors etc.). During the measurement
procedure , the output voltages of a total about
on hundred channels are read usually at
intervals of 5 minutes. The computer
calculated also average values at intervals of
half an hour. The voltage readings are then
automatically converted to corresponding
calculation variables (temperature, relative
humidity etc.) by conversion formulas.
Variables to be measured were:

e Temperature

¢ Relative humidity

o Differential pressure difference z;cross
the wall structure

e Velocity of air flow

Measurement systems of the equipment can be
augmented or changed easily. It is possible to
connect all kinds of electronic sensors which
have voltage supply, for example CO, —
Sensors.

A great risk to the progress of the measuring is
probably power failures due to different
reasons. To eliminate their effect, the control
software has an automatic power-up system
that reboots the computer after power failure
and restart the measuring. The computer
always memorises the newest control and
measuring values and restart measuring with
these values after power failure.

GSM -terminal (modem) is connected to
measuring equipment. The measuring data can
be collected far away by phone (of course
another modem is needed too). So it is also
easy to control, how the equipment is working.
This is a good property because measuring
times are quite long (over one year) and
distance between the place of measuring and
university might be long.

3. METHODS
3.1 Measured building

Measured building was located near city of
Turku, Finland. The place was quite open and
flat; near the building weren’t trees or high
buildings. It must be also noticed that building
place was quite near the Baltic sea (about 25
km).

The building was made of wooden elements. It
was typical detached house and area of the
house was 107 m?. Mechanical ventilation was
used in the building. Only exhaust air was
adjusted by ventilation (not substitution air).
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Plastic vapour barrier was used in roof. Base
floor was slab on ground.

Measuring period was 21.12.1998 -
29.03.2000. The building was empty about
four months (21.12.1998 — 30.4.1999). A
family (two adults and one year old child)
moved to the building 1.5.1999. Since that the
house was in normal use.

3.2 Tested structure types

It were measured two types of wall structure
which are quite commonly used in Finland
(fig. 2.). There are two main differ b(f,tween
those two structures: water vapour resistance
of inner sections of the wall and the moisture-
retention capacity of the thermal insulation.

OUTDOOR INDOOR
@
1 =——{A) ond (B): Gypsum board 13 mm
— (A): Bitumen paper
(B): Vopour barrier (PE 0,2 mm)
Y Cellulose insulation 150 mm
7 y Mineral wool 150 mm

(A) ond Ventilation gap 20 mm

(A):
(8):
(A) and (B): Porous fibreboard 25 mm
(8):
(A) and (B): External cladding,

7\

V.

(vertica! paneling) 2*¥25 mm

Figure 2. Structure section of tested wall
structures (A) and (B).

3.3 Location of measurement sensors

The wall structure was measured in a bedroom
from two blocks. One block was 600 mm wide
and height was 2800 mm. Moisture transport
between the blocks was restrained.

There were almost 60 sensors in the southern
wall of the building. Locations of the sensors
are shown in figure 3. Measuring variables

were:

e Temperature
o Indoor and outdoor air
e In the structure

e On the surfaces

e Relative humidity
e Indoor and outdoor air
e Airin the porous space of the structure
Humidity by volume

e Differential pressure difference across the
wall structure

e Velocity of air flow (in the ventilation gap
in this case)

At intervals of three months samples were
taken from the wind shield and the insulation
layer behind it.
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Figure 3. Vertical locations of Sensors.
Horizontally the sensors were located in
middle of both blocks (between the studs).

4. RESULTS
4.1 Indoor and outdoor climate

Year 1999 was quite divaricate: it was cold
seasons in winter and the summer was very
warm and dry. Outdoor conditions had an
effect to indoor air (see fig. 4). In spite of dry
summer, relative humidity in indoor air have
been over 50 % in the end of summer.
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Figure 4. Indoor and outdoor climate

The most interesting information in a view of
building physics of envelope structures was
the moisture increase of indoor air. There has
been approx. 4 g/m’ moisture increase of
indoor air in winter times. This is quite high
value taken into consideration ventilation, type
of building and number of inhabitants.
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Figure 5. The moisture increase of indoor air.

It must also noticed that values of figure 5 (as
well as figure 4) are average values per month.
Maximum average values per day were much
more higher. It was noticed that sun dries the
wall structures even the outdoor temperature
was under 0 °C. Temperature of outer surface
might be over 30 °C higher than outdoor air
temperature.

4.2 Relative humidity of air in the porous
space of the structure

Maximum values of relative humidity of air in
the porous space of the structure behind the
wind shield were reached in winter and inner
sections of thermal insulation in summer.
Variation of relative humidity during the
measuring period is shown in figure 6.
Changes in RH values in thermal insulation
were slowly in cellulose insulation as in
mineral wool because cellulose insulation have
bigger hygroscopic equilibrium moisture
content than mineral wool.

Celiulose~insulafion+ Bitumen paper Mineral wool + Vapour barrier (PE 0,2 mm)

—  =Init, sit. (16.11, -98)

Figure 6. Maximum and minimum values of
relative humidity of air in the porous space of
the structure (average values per month and
average values of two sensors).
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Figure 7. Values of relative humidity of air
behind the wind shield in top and bottom of
measured blocks (average per month).

Relative humidity behind the wind shield
(outer space of thermal insulation) was about
15 % (RH) lower in wall structure type B
(vapour barrier + mineral wool). There were
critical durations for mould growth in autumn
1999 in structural type A. Higher RH values in
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the top of blocks were mainly caused by
natural convection in thermal insulation (fig.
7). In connection with sampling there were not
made observations of condensation behind the
wind shield.

4.3 Other results

Value of thermal conductivity is almost equal
in both insulation types. That’s why there were
not noticed any significant differs in
temperature values between structures types A
and B.

Pressure difference across the wall was
between -1 - +3 Pa during the measuring
period. In spite of quite low values of
overpressure it might increase risk of
condensation especially because maximum
values came out in winter due to high
temperature  differs between indoor and
outdoor conditions. If there are holes in air
barrier or vapour barrier, overpressure might
cause local condensation.

Velocity of air flow in ventilation gap was
under 0,2 m/s hole time.

4.4 Comparison to laboratory tests

Exactly same wall structures have been tested
in our laboratory (reference [1]). The main
differ between laboratory test conditions
compared to measured values was in moisture
increase of indoor air (6,6 g/m’ in laboratory
tests and < 4,0 g/m’ in measured building).
Laboratory tests were done only in winter
conditions. How ever the results and
conclusions are quite uniform and support
each other in both cases.

5. CONCLUSIONS

Both of the measured structure types were
performed quite well, however type B was
better than type A. Behind the wind shield of
wall structure type A was critical conditions

especially in autumn thus indoor and outdoor
climate were more advantageous than average
climate conditions usually are. If outdoor
climate (for example the measured building
would have been inner country) had been
colder there probably have been occurred
condensation also. So the internal wall must
have sufficient water vapour resistance.
Laboratory tests have amplified this
conclusion too. If inner sections of wall are
tight it must use mechanical ventilation system
to adjust healthy indoor air. Disadvantages of
holes in vapour/air barrier (convection) could
avoid by using underpressure in the building.

The moisture retention capacity of wood-based
materials (cellulose insulation) was adequate
in measured period when moisture increase of
indoor air was under 4 g/m’. However there
wasn’t hardly any capacity left.

Because the sensors were in the southern wall
it was noticed that the sun dries outer space of
structures already in early spring times.
Possibility of quick drying of the wall
structures might be helpful in some cases
especially in view of mould growth and
disadvantage of condensation.
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