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ABSTRACT: Ecological buildings typically are made with a lot of organic materials, e.g. for insulation of the
building envelope, and even in cold climates they are often built without the use of a vapour barrier. The paper
describes such a house and field measurements of the indoor humidity conditions. A new model makes it pos-
sible to analyse the overall moisture conditions in a building by considering both the indoor environment and
the building materials in constructions and furnishing. The model gives new analytical capabilities as it com-
bines the analysis of the moisture conditions in the indoor environment with the analysis of the exterior
building envelope. The paper demonstrates a comparison of the experimental results from the ecological
house with predictions with the integrated model. It is then illustrated how simulations can be used to opti-
mise the hygrothermal quality of building constructions by analysing the effect of: (1) Moisture buffering of
materials, (2) Effect on perceived indoor air quality, and (3) Simulation of moisture conditions in building en-

velopes when the indoor climatic conditions is part of the simulation.

1 INTRODUCTION

Humidity in indoor spaces is one of the most im-
portant factors influencing indoor air quality. Many
health-related problems in the indoor environment,
e.g. the Sick Building Syndrome (SBS), can be asso-
ciated with high indoor humidity and "damp build-
ings" (Clausen et al., 1999). The humidity level in a
building depends on a combination of factors such as
moisture sources, ventilation and air movement, res-
ervoirs and sinks, heating, insulation, external con-
ditions, as well as building materials and occupants.
Among these, the moisture buffering effect of the
materials in a building could be an important factor.
There is a general interest in exploiting the moisture
buffering effect of building materials to dampen the
cyclic variations of indoor humidity. However, this
effect is often disregarded by building designers and
engineers.

Several attempts have been made to model the in-
door humidity condition. Such modelling may cover
the simultaneous prediction of moisture conditions
in whole buildings — their indoor climate and all
constructions of the building envelope. Some refer-
ences to previous attempts of modelling moisture
conditions of rooms or whole buildings are given in
(Matsumoto, 1991), (Wang, 2000), (Virtanen et al.,
2000) and (Rode et al., 2001).

Moisture conditions cannot be predicted without
knowing the thermal conditions. It is quite obvious

therefore to develop a model for prediction of whole
building moisture conditions as an extension to an
existing model for detailed thermal analysis of
buildings. Such a model already predicts the thermal
condition of the indoor environment and all the adja-
cent building components as well as air flow be-
tween zones. Normally, the thermal calculation
models are rather elaborate themselves, and their
thermal predictions have already been validated. One
such model is , which is included in the integrated
building simulation tool (Wittchen et al., 2002).
will be applied in this paper.

Furthermore there is a need to experimentally
verify the predictions of whole building hygrother-
mal models. Some relevant experimental investiga-
tions are reviewed in (Mitamura et al., 2001) and
(Virtanen et al., 2000). In this paper a field test of a
so-called ecological building is described where the
moisture buffering effect of building materials has
been investigated under practical circumstances. The
measured hygrothermal indoor climatic parameters
are compared with predictions of a numerical model
for whole building hygrothermal analysis (). The
term “moisture buffering effect” will be used to in-
dicate the ability of building materials to moderate
humidity variations in indoor spaces.



2 BUILDING SIMULATION 2002
2.1

is a computational design tool for analysis of in-
door climate, energy consumption and daylight per-
formance of buildings. integrates different computer
models that make it possible to carry out a complete
thermal and daylight analysis of a building. The core
of the system is a common building data model
shared by the design tools, and a common database
with typical building materials, constructions, win-
dows and doors. Figure 1 illustrates the user inter-
face of

The following computational analyses can be

made on most buildings using :
Heat gains from solar radiation, people, lighting,
and equipment
Solar radiation through windows
Heating, cooling and ventilation
Power and energy balance

Steady state moisture balance

Temperature, moisture and CO, conditions
Perceived indoor air quality (PAQ)

Heat and air exchange between zones

Shading conditions

Variable infiltration and venting

Several different ventilation systems simultane-
ously

Surface temperatures and condensation risks

Air exchange in connection with infiltration and
opening of windows

Air exchange between rooms

Air-to-air energy recovery in ventilation systems
Supply and exhaust air temperature in ventilation
systems

Power from heating and cooling coils in ventila-
tion systems

Humidification in ventilation systems
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Figure 1. Graphical user interface of the program showing the model of the test room from which experimental data will be used to

compare against model predictions.



2.2

A transient moisture model for the whole building -
its indoor climate and its enclosure - has been devel-
oped as an extension to the thermal simulation
model. sees a building as consisting of a number of
zones, separated from each other and from the out-
side, by constructions of different kinds. A moisture
balance is set up separately for each zone. The balance
equation expresses that moisture is exchanged by in-
filtration, ventilation and air change with the outdoor
air and with adjacent zones. Furthermore, moisture is
exchanged by convection between air in the zone and
the surfaces of adjacent constructions, and moisture is
released to the zones as a result of activities in the
zone. The balance equation is dynamic, so it takes into
consideration the buffer capacity of the zone air itself.
The new moisture model makes simultaneous
calculations of transient moisture conditions in all
interior and exterior constructions of the building.
The exterior environment constitutes the boundary
conditions, while the indoor environment is cal-
culated, which is different from many models that
require the indoor environment as one of the
boundary conditions.
The following influences on the air’s humidity
condition are considered:
— Moisture transfer from adjoining constructions
— Contribution of moisture from various sources
and activities, e.g. people, laundry and drying,
bathing, cooking, industrial processes, humidi-
fication/drying, and other
— Entry of moisture from outdoor air (by infiltration
and venting)
— Supply of humid air from ventilation systems
— Humid air transferred from other zones (mixing)
The model for moisture transport in the construc-
tions considers moisture transport in the form of va-
pour diffusion. The moisture transport internally in
the constructions is described in a transient way, i.e.
by considering each layer’s moisture buffering ca-
pacity. For each time step and control volume in the
construction vapour diffusion is balanced by the ad-
sorption or desorption of moisture. The sum of these
contributions causes a change of the moisture con-
tent from one time step to the next. Using the sorp-
tion curves of the materials, the new moisture con-
tents can be recalculated into new relative humidities
and vapour pressures. For the sake of numerical sta-
bility in all situations, an implicit calculation proce-
dure is used in the model.
The moisture model is described in details in
(Rode et al., 2001).

3 FIELD TEST
3.1

Organic building materials can function as moisture
buffers that may absorb significant quantities of

moisture without reaching a high equilibrium rela-
tive humidity. If the moisture buffering capacity is
sufficient it may be possible, even without using
tight moisture barriers (which are normally of syn-
thetic material), to avoid such high humidity in the
constructions that fungi can grow or other moisture
related damage occur.

With highly hygroscopic building materials in
open building structures it may even be possible that
the whole building will benefit from the moisture
buffering. The materials will release humidity in
winter, and thus minimize indoor dryness, and they
will absorb humidity in summer minimizing the
dampness of indoor air. It may be possible to im-
prove satisfaction of the inhabitants with the quality
of indoor air if such effects can be utilized, and it
may be possible to reach this satisfaction just by us-
ing this passive way of climatising a building.

Fang et al. (1998) developed an expression to
predict the voting of occupants with the acceptability
of indoor air quality on a scale from -1: to 1: . The
predicted voting depends linearly on the enthalpy of
the air. For clean air, the relationship is:

=-0.033 +1.662 (1)

where is the enthalpy of air (kJ/kg). Compared to
other thermal comfort indices, the perceived indoor
air quality (PAQ) is w. Therefore it does for instance
not depend on the clothing of the subjects. Fang
found a relationship between the voting of subjects
and the enthalpy of air. As the enthalpy content of air
depends not only on the temperature, but also
strongly on the humidity, the indoor air will be as-
sessed more acceptable if it can be kept dry. Warm
and humid air, that may feel comfortable from a
normal thermal comfort viewpoint if the activity or
clothing levels are low, may be assessed as “stuffy”,
and not particularly acceptable according to the PAQ
index.

One of the purposes of the research on the Fin-
nish, so-called (Simonson, 2000), was to develop a
set of experimental data of moisture transfer between
the indoor air and the building envelope when the
constructions were made with extensive use of or-
ganic building materials and no plastic vapour re-
tarders.
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The test building is a two-story house in the outskirts
of Helsinki, Finland. The floor area is 178 mz, in-
cluding a full basement. The house has been built
with extensive use of wood and wood based materi-
als and a limited use of plastic materials, e.g. with
diffusion open coatings and without the use of plas-
tic vapour retarders. The thermal insulation material
is wood fibre insulation with a thickness of 250 mm
in the walls, and 425 mm in the roof. The walls and
roof are completed on the outside with 25 mm of



wood fibre board behind a 50 mm ventilated cavity
and exterior siding of wood for the walls, or sheet
metal for the roof. On the inside, the walls and roof
are clad with 13 mm of gypsum, and a layer of
building paper as a convection break between the
gypsum and the insulation. The gypsum was plas-
tered and then primed with a single coat of diffusion
open paint at the time the tests presented here were
conducted. While the exterior walls and roof are
wood frame constructions there are some interior
walls of 140 mm brick with plaster and primer. The
interior floors have 32 mm thick wooden floor-
boards, and are insulated with 125 mm of wood fibre
insulation.

A bedroom on the second floor was used as test
room for measurements of the hygrothermal condi-
tions. The floor area of the room was 10.5 m* and
the room volume was 29 m®. The room had external
wood based walls to the north and west, the partition
wall against the room to the east was made of brick,
and the partition wall against the room to the south
was a lightweight wall insulated with 100 mm wood
fibre insulation and clad with gypsum. In addition, a
62 cm wide and 14 cm thick load bearing brick wall
with plaster extended into the room from the east
wall. The room had two small windows, one on
each facade, and a glazed door in the western facade
opened to a second-floor balcony with an overhang.
In Figures 2 and 3 are shown a photo of the building
and a plan and section of the test room.
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Figure 3. Plan and vertical section of the test room in the
Tapanila ecological house.

Figure 2. Photo of the Tapanila ecological house as seen from
northwest.

The experimental period was from May 14 to
May 31, 1999. This period was divided into two
parts: One in which the room was used with the con-
structions as described above, and one in which the
interior surfaces of all constructions were covered
with plastic vapour barrier (0.15 mm of polyethyl-
ene). In the following presentation of test conditions
and results, the two parts of the test periods are ref-
erenced as and , respectively. The room was not in-
habited during the test period, but a humidifier pro-
duced vapour at a rate of about 800 g/day -
predominantly in the night hours, and a PC, five fans
and some measurement equipment released alto-
gether about 300 W. The varying rate of moisture
production during the test period is shown in Figure
4.
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Figure 4. Moisture production rate during the test period. The
shaded field, May 24, represents the period when the room was
under refurbishment for installation of the internal plastic
vapour barrier.



During the measurements all natural ventilation sup-
ply vents of the house were sealed with plastic and
tape, and windows and doors were closed but not
sealed. A variable speed fan caused air change at dif-
ferent levels, and the flow rate was measured with a
calibrated orifice. The air change rate was held at the
following levels: 0.08, 0.28, 0.55, and 1.10 ach in
different parts of the test period as shown in Figure
5. It should be noted that when the fan was off, the
air leakage was estimated to be 0.08 ach from tracer
gas measurements.
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Figure 5. Air change rate during the test period.

Measured results of temperature and humidity
from the test are presented in the next section in
conjunction with simulation results.

4 WHOLE BUILDING HYGROTHERMAL
SIMULATIONS

4.1

A calculation model of the test house for the actual
measuring period was set up in . The hygrothermal
properties of most of the building materials specifi-
cally used in the Tapanila building have not been
determined, but some properties from literature are
suggested in (Simonson, 2000) and they were used
also for these calculations. The weather data was the
outdoor temperature and humidity that were meas-
ured at the test house in conjunction with the field
test, combined with data for solar radiation, wind
speed and direction from another site in the Helsinki
area during the month in which the measurements
took place (May 1999). Weather data used for the
rest of the year were ASHRAE data for Helsinki
(Department of Energy, 2002).

The model in is illustrated in Figure 1. Only the
actual test room was modelled. It faces the outdoor
climate on the western and northern facades, and
through the roof. The internal walls and the floor

face so-called fictive zones which were not modelled
as such, but set to be constant at 21°C and 32% RH
corresponding to the average vapour pressure out-
doors in the test period. This was chosen because the
house was under construction during the field test.
The air change rate was set in a time schedule to rep-
resent the actual conditions during the test, as shown
in Figure 5.

The simulations in were carried out as a simulta-
neous calculation of thermal and moisture conditions
in the indoor air and all envelope constructions. The
calculations were made twice: Once for the normal
walls, as they were in the first half of the test period,
and a separate calculation for the same walls covered
internally with plastic vapour barriers. Results from
the second calculation will be labelled (PE) in sub-
sequent graphs. The calculation period of both cal-
culations started in January the year before the test
period.

The interior surface conditions were calculated
with prediction of the long-wave radiation between
indoor surfaces and the surface coefficients for heat
and moisture transfer by natural convection (Rode,
2000). The calculations were carried out with con-
sideration of latent heat effects associated with
evaporation and condensation of moisture in the
materials.

4.2

The calculated indoor air temperatures during the
test period are shown in Figure 6 together with the
measured results.
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Figure 6. Measured and calculated temperatures in the test
room.

The indoor humidity came out of the same calcu-
lations, and the results are shown in Figure 7 as rela-
tive humidity, and in Figure 8 as vapour pressure.
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Figure 7. Measured and calculated relative humidity in the
test room.
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Measured and calculated vapour pressure in the test

Since both the indoor temperature and humidity
are modelled, it is possible to get a prediction of the
perceived indoor air quality according to Equation
(1). The enthalpy can be calculated from the tem-
perature and humidity. The resulting prediction of
the acceptability is shown in Figure 9 for the two
cases that have been calculated: With and without an
internal plastic vapour barrier. To be able to compare
them, the results of each calculation have been
shown for both parts of the test period, both before
and after the plastic vapour barrier was indeed in-
stalled in the field test.

1
—PAQ
-=PAQ (PE)

|l ]

: ﬂ

A

£o) h

@

o

< U A g

P i
] i i
14/5 16/5 18/5 20/5 22/5 24/5 26/5 28/5 30/5 1/6

Figure 9. Predicted acceptability of the indoor air of the test
room with (PE) and without the installed plastic vapour barrier.

4.3

The experimental results are described and discussed

in depth in (Simonson, 2000 and Simonson et al.,

2001). The presence of the plastic vapour barrier had

a clear effect to cause higher variations of the hu-

midity of the indoor air.

The calculations track the measured results rea-
sonably well, but with the following noticeable de-
viations:

— The calculated indoor temperatures do not follow
exactly the same daily variations as the measured
temperatures. The maximum deviation is 2.9°C.

— The average level of the calculated temperatures
is the same as for the measurements. However,
this was expected as the heat gain from equip-
ment was adjusted in the calculations just to
achieve this result. After this adjustment, the heat
supply from equipment was 215 W (as opposed to
the 300 W given as an approximate expectation in
(Simonson 2000)).

— The average level of the calculated vapour pres-
sure is 200 Pa too high in the period without
plastic vapour barrier, while it is 320 Pa too high
in the period with plastic.

— In the period with plastic vapour barrier, the cal-
culated vapour pressure seemed to exaggerate the
daily variations in indoor vapour pressure. It
could seem as if there were some buffer effect in
the test room, which the calculations did not
catch. There may also have been some moisture
absorption and desorption by the plastic cover on
the constructions that was not considered strongly
enough by the simulations — although the poly-
ethylene was calculated as a (rather vapour tight)
hygroscopic material in the calculations.

These problems could be caused by not knowing
the initial moisture level, and not having sufficiently
precise information about the actual hygrothermal
properties of the materials nor of the surface trans-
mission coefficients for heat and moisture transfer. It
is a well-known problem, also from thermal building
simulation, that many parameters are needed for the
calculation of a complete room or building, and the
results depend on each other — therefore it may be
not be realistic to obtain complete and exact corre-
spondence between results of a field experiment and
a simulation of the same results. Qualitatively, how-
ever, the results are regarded as being sufficiently
accurate that similar simulations can be used to
compare and analyse different design options, such
as will be done in the next section.



5 OTHER ANALYSES WITH THE MODEL

5.1

The integrated calculation model is now used in full

year simulations to investigate the possible differ-

ence in perceived indoor air quality for three differ-
ent choices of insulation material and vapour re-

tarder solutions. The analysis was carried out with a

room model similar to the one used for the Tapanila

ecological house, and two of the choices for the
building constructions were the same as investigated
previously:

1 With wood fibre insulation and building paper,
but no vapour retarders.

2 The same, but with all internal surfaces covered
with a plastic vapour barrier. The barrier could
also be thought to represent a non-hygroscopic
structure or a vapour tight paint.

Finally, as a third option, the following more tra-
ditional constructions were assumed for the analysis:
3 The roof, wall and floor constructions were insu-

lated with mineral wool, and polyethylene vapour

retarders were used between the gypsum board
and insulation in the exterior constructions.

The calculations were carried out for the same
test room and building located in Helsinki as in the
analysis of the Tapanila case. The air change rate
was set constant at 0.5 air changes per hour. A suffi-
cient heating system was prescribed with a set-point
of 21°C. All other internal rooms in the building that
are adjacent to the test room were set to follow the
same conditions as in the test room itself. The room
was assumed occupied for 9 hours every night by
two adults that release 66 W and 30 g/h of humidity
each.

Figure 10 shows the monthly average results of
outdoor temperature from weather data and the cal-
culated indoor temperatures during the second year
of calculation. As expected, the temperature profiles
are practically identical.
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Figure 10. Annual distribution of the monthly means of the
outdoor temperature and the calculated indoor temperatures for
the different choices of construction type.

Figure 11 shows the monthly averages of calcu-
lated indoor relative humidity for each of the three
calculations as well as the outdoor relative humidity.
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Figure 11. Annual distribution of the monthly average relative
humidity of outdoor and indoor air for the three different con-
struction types.

It may come unexpected that also the indoor rela-
tive humidity is practically the same for the different
choices of construction types when the monthly av-
erages are observed, i.e. no long term moisture buff-
ering effect seems to stand out for some construc-
tions compared to the others. But indeed there are
some differences, which can be seen when the daily
variations are observed. Figure 12 shows the hourly
distribution of relative humidity during the first two
weeks of June.
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Figure 12. Hourly development of the indoor relative humidity
during the first two weeks of June for each of the three different
construction types.

Figure 12 reveals that, although the average rela-
tive humidity is more or less the same for all three
constructions types, the humidity has both higher
peaks and lower valleys when the constructions are
clad with a plastic vapour barrier. The highest rela-
tive humidity occurs in the early morning (by the end
of occupation for the night), and has its minimum in
the middle of the afternoon.

Figure 12 also reveals that there is only a negligi-
ble difference in indoor relative humidity variations
between the case when wood fibre insulation was



used without a vapour retarder, and the situation
with mineral wool and polyethylene vapour retarder.

The acceptability of the indoor air for the building
with each of the three construction types is shown in
Figure 13 as monthly averages. It is clear that gener-
ally the acceptability is highest in winter. This is be-
cause the indoor humidity is lower in winter, and the
temperature more or less constant at 21°C. In sum-
mer both the indoor temperature and humidity are
higher. This means that the enthalpy content of the
air is higher, and therefore the acceptability is lower.
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Figure 13. Annual distribution of the monthly averages of the
acceptability of the indoor air for the different construction
types.

Judged on the monthly results, the analysis re-
veals only small differences between the acceptabil-
ity of the indoor air quality when different solutions
were chosen for the insulation material and choice of
vapour retarder. However, Figure 14 shows hourly
predictions of the acceptability in the first two weeks
of June for each of the three choices of construction
types. Again, it becomes clear that the daily varia-
tions are larger for the construction with a vapour
tight plastic barrier than for the other two construc-
tions. It can also be seen that the lower acceptability
coincides with the occupancy of the room (at night),
which is of course unfortunate.
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Figure 14. Hourly distribution of the acceptability of the indoor
air during the first two weeks of June for the three different
choices of construction types.

Like for the humidity, also the acceptability ap-
pears to be practically the same for the room with

wood fibre insulated, open constructions as when the
constructions are insulated with mineral wool and
have a vapour retarder. That the differences are so
small can be attributed to the fact that most of the
exchange of moisture between the indoor air and the
building constructions takes place with the inner sur-
face material, which in both cases was gypsum
boards. The moisture penetration depth in gypsum
board for daily humidity variations is in the order of
half a cm (Olsson, 1996), and therefore it does not
appear to be very important which material comes
behind the gypsum.

The use of a plastic barrier as a cover on the very
interior surfaces of the constructions seems to have a
somewhat more pronounced effect. The plastic bar-
rier cause the indoor humidity to rise to uncomfort-
able levels too rapidly during occupied conditions,
and likewise, it falls more quickly to lower levels
when the occupancy ceases. The evaluation used
here with Fang et al.'s equation for acceptability does
not consider the question of whether very dry indoor
air, like in the Finish winter, could be perceived as
an uncomfortable condition.

For all three choices of construction types, Table
1 gathers the average results of indoor air tempera-
ture, relative humidity, and acceptability over the
whole year when it is split up in occupied and unoc-
cupied hours.

Table 1. Average indoor air temperature, relative humidity and
acceptability of the indoor air during the whole year for the dif-
ferent construction types. For each variation, the first line con-
tains the average during the occupied hours (night), and the
second line the result during unoccupied hours (daytime).

Construction type T  RH Acceptability
Room occupied °C % -

Wood Fibre, y 222 359 0.41
open construction n 222 323 0.46
Plastic barrier y 222 426 0.31

n 222 294 0.50
Mineral Wool, y 222 364 0.40
vapour retarder n 222 33.0 0.45

Other building uses, materials and operation
strategies may be relevant to investigate before
drawing decisive conclusions on the performance of
different types of building technologies. The objec-
tive of the example in this paper has been to demon-
strate the potential for analysis, which seems to be
good.

5.2

An advantage of the integrated hygrothermal simu-
lation is that also the moisture conditions within the
building constructions come out of the same simula-
tions. This is particularly important since it is well
known that, when making predictions of the hygro-
scopic conditions in constructions, the internal
boundary conditions can be very determinative. Tra-



ditional heat and moisture calculations of construc-
tions used to be limited by the assumptions one had
to make about the indoor boundary conditions for
the calculations. The new model should circumvent
this problem - or at least it moves the question of
reasonable assumptions to a matter of which heat
and moisture loads and air change rates are assumed
for the building.

Figure 15 and 16 show calculations of the mois-
ture conditions in the roof over the test room in Hel-
sinki for a complete year (the last of two years of
calculations with the reference year for Helsinki).
The results are shown for the case with wood fibre
insulation without vapour retarder, and for the case
with mineral wool insulation with vapour retarder
between the gypsum and insulation, respectively.
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Figure 15. Relative humidity in the roof with wood fibre insu-
lation and no vapour retarder. The legends for the different in-
sulation layers show their distance from the internal cladding.
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Figure 16. Relative humidity in the roof with mineral wool in-
sulation and polyethylene vapour retarder.

The two graphs in Figure 15 and 16 show the de-
velopment of the relative humidity of the material
layers in the roof. From the outside: The wood fibre
board, the insulation at several depths, building pa-
per (if present), and finally the gypsum board. At a
quick glance the calculations look identical which is
not so strange since both constructions are open to
the outside through the porous wood fibre board, and
the wood fibre board itself predominantly follows
the outdoor climate. The main difference is for the
internal layer of the insulation. When there is a va-
pour retarder of polyethylene, as in the mineral wool

insulated roof, the inside of the insulation gets very
dry (<20% RH) in winter. In the roof with building
paper instead of a vapour retarder, the relative hu-
midity of the gypsum, the building paper and the in-
side of the wood fibre insulation are practically the
same. In summer all layers of both roofs are more or
less at the same level: 40% RH. From the calcula-
tions it can also be stated that neither of the two
roofs should have problems with too high humidity
in any period of the year.

6 DISCUSSION

The model is tested against measurements of hy-
grothermal conditions in a test room of a so-called
ecological building in Finland. Qualitatively, the cal-
culation results show some reasonable correspon-
dence with the measured results — although the re-
sults are not always in perfect quantitative
agreement. The lack of perfect quantitative agree-
ment can mainly be attributed to the large number of
degrees of freedom in the comparison, e.g.: Many
parameters influence the thermal conditions of the
test room, and not all of them were known from the
test; the hygrothermal parameters were most often
not determined for the same materials as were used
in the experiment; and the local coefficients for sur-
face heat and mass transfer were influential, but had
to be estimated for the calculations.

Assuming that the model yields qualitatively ade-
quate results it can be applied to analyse the indoor
hygrothermal conditions and perceived indoor air
quality, and to compare different solutions. When
comparing ecological building technical solutions
(organic insulation materials without polyethylene
vapour retarder) to conventional building technology
with mineral based materials and vapour retarders, it
seems like only small differences in the indoor air
quality are to be expected. A reason seems to be the
presence of internal cladding materials, which are
the most influential.

It is anticipated that improved calculations of the
hygrothermal conditions in building envelope com-
ponents can be achieved when the calculations for
the indoor environment and the building components
are integrated.

7 CONCLUSION

An existing computer tool BSim2002 for dynamic
thermal simulation of buildings has been extended
with a transient model for moisture release and up-
take in building materials. With the new model it
may be possible to make more accurate predictions
of indoor humidity variations. Simultaneously, com-
plete transient calculations are carried out of the
moisture conditions within all the envelope con-



structions of the building. Since the moisture condi-
tions in building constructions depend very much on
the indoor humidity and since the building construc-
tions also influence the indoor humidity, it is antici-
pated that the new development will result in im-
proved simulations of moisture conditions both for
the indoor air and for the building constructions.
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