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SUMMARY:  

In Finland the indoor air conditions of 171 single-family buildings and 49 apartments in multi-family buildings 
have been studied in large research projects in collaboration with Tampere University of Technology (TUT) and 
Helsinki University of Technology (HUT). This paper deals with the results of moisture excess studied in these 
single-family buildings and apartments. Continuous field measurements up to 28 months enable to include two 
consecutive heating seasons in the analysis of the internal moisture excess. 

The higher 10 % critical level during the cold period (Te  5C) was between 3.4 and 4.9 g/m3 in Finnish 
heavyweight and lightweight single-family buildings and between 2.4 and 3.6 g/m3 in apartments of multy-family 
buildings. During the warm period (Te  15C) the corresponding values were between 0.3 and 2.6 g/m3 for 
single-family buildings and 0.5 to 1.5 g/m3 for apartments. The number of occupants and the airtightness of 
different groups of external wall did not have influence on the average values of moisture excess. Slightly better 
ventilation air change rates were measured in apartments of multy family buildings, where also the air change 
rates from supply-exhaust ventilation systems generally fulfilled the Finnish guideline value.  

The design values of moisture classes in EN ISO 13788:2012 were found difficult to apply for Finnish residential 
buildings. The upper limit value of humidity class 2 of EN ISO 13788:2012 is suitable for apartments in Finnish 
multi-family buildings, but too low for Finnish lightweight and heavyweight single family buildings. Applying the 
design values of Finnish guidelines would be justified for the studied buildings almost at the full range of 
outdoor temperatures.  

1. Introduction 
Understanding the temporal indoor air humidity levels in buildings is fundamental for many purposes. When the 
moisture in buildings is not effectively controlled, persistent dampness or condensation can lead to material 
damage, corrosion, structural deterioration, and microbial growth, including mould.  

The need for criteria for moisture design has become more urgent with a rapid improvement in the capabilities of 
computer-based moisture analysis tools that predict movement and accumulation of moisture in building 
components and materials. One of the most important input parameters when doing a hygrothermal analysis of 
the building envelope using simulation models is knowledge about typical levels of indoor air humidity (Geving 
& Holme 2011). 

In cold climates the water vapour concentration of indoor air normally exceeds the water vapour concentration 
corresponding to outdoor air (differential vapour pressure). If the building envelopes are protected from driving 
rain, the major humidity load to the building envelope is usually the outgoing air flow due to air leakage or 
vapour diffusion through the building envelope. Therefore, it is necessary to know the critical values of the 
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difference between indoor and outdoor air water vapour content (referred to as internal moisture excess in this 
study).  

In most of field studies that have analyzed indoor hygrothermal loads, the indoor climatic data is measured for 
only a particularly short period. A measurement period over a year would be necessary in order to assess critical 
moisture loads sufficiently during different seasons. Moreover, data related to moisture levels coupled with 
building features are very scarce to find. To point out the possible influence on ventilation systems and envelope 
assemblies, these different variables should also be ascertained by measurements.  

As a positive example of long-term field measurements Arena et al. (2010) collected one full year of indoor 
temperature and humidity data for a sample of sixty US residential buildings across three different climate 
regions - the hot, humid southeast (zone 2), the cold northeast (zone 5), and the marine northwest (zone 4). 
Multiple locations in each building were sampled every 15 minutes. That research was in direct support to 
ANSI/ASHRAE Standard 160, Criteria for Moisture-Control Design Analysis in Buildings (2009). 

 
The Department of Civil Engineering at Tampere University of Technology (TUT) and HVAC Laboratory at 
Helsinki University of Technology (HUT) have collaborated in a research project “Air tightness, indoor climate 
and energy efficiency of residential buildings” (2005-2008). The indoor temperature and humidity conditions, 
functioning of HVAC systems and air tightness of building envelopes of residential single-family and multy 
family buildings of Finland (Vinha et al. 2009) were studied. Field measurements were carried out in 70 
heavyweight single-family buildings and in 49 apartments of multy-family buildings (Table 1). Heavyweight 
buildings is an abbreviated phrase for the buildings, in which the external walls are constructed using 
heavyweight construction systems. In a total of 126 bedrooms (mainly two person bedrooms) were investigated. 
Current paper presents the results of moisture excess studied in all 70 single-family buildings and in 49 
apartments.  

This study is closely related to the previous collaboration research project “Moisture-proof healthy detached 
house” between TUT and HUT in which the same measurements were performed in 100 timber-framed 
buildings (Kalamees et al. 2005, Kalamees et al. 2006, Vinha et al. 2005, IEA Annex 41 final report 2008). 
Together these two projectes have given a significant contribution for the building physical studies of residential 
buildings in Finland. 

As found from the general review of literature avoiding the consequences of moisture problems and mould 
growth in buildings has received the majority of research attention for more than two decades. However, 
measured data from real buildings in service is rather scarce in recent research. Therefore, also the developments 
of more accurate indoor moisture boundary conditions for the building codes have been rather slow. In that 
sense, the field measurements summarized below are providing valuable information in terms of more accurate 
understanding of the critical boundary conditions for internal moisture excess of different type of residential 
buildings in cold climatic region. Current study provides significantly longer continuous period of monitoring 
compared to previous measurements of indoor moisture excess. Constant and continuous measurements up to 28 
months enable to include two consecutive heating seasons in the analysis of the results. The study also provides 
moisture excess curves for the heavyweight single-family buildings and apartments in multy-family buildings 
expanding and comprehending significantly the prevous data on lightweight (timber-framed) buildings 
(Kalamees et al. 2005, Kalamees et al. 2006, Vinha et al. 2005, IEA Annex 41 final report 2008). Based on the 
critical moisture excess values of these studies a Finnish national guideline (RIL 107-2012) has adopted the 
recommended design values of indoor moisture excess for the residential buildings in Finland. 

2. Methods 

2.1 Selection of buildings 

The field measurements were carried out in occupied single-family and multy-family buildings in Finland. Most 
of the buildings were located in the Tampere and Helsinki regions. The buildings were not more than ten years 
old. 65 single family-buildings had mechanical supply and exhaust ventilation system while five had mechanical 
exhaust ventilation. Centralised (20 buildings) and apartment-based (15) mechanical supply and exhaust as well 
as mechanical exhaust (14) ventilation system was applied in apartments of multy-family buildings. 
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The average floor area of the heavyweight single-family buildings was 195 m2, average volume 531 m3, and the 
average number of occupants (adults and children) per building was 3.4, thus about 57 m2 floor area per 
occupant. Corresponding values for apartments in multy-family buildings were 72.4 m2, 189 m3 and 1.8 
occupants per building and about 40 m2 floor area per occupant. According to the statistics of Finland (Statistics 
Finland 2003), the average net area of single-family detached buildings is 103.5 m2 and the number of occupants 
per buildings is 2.7. This makes about 38 m2 floor area per occupant. The corresponding values of lightweight 
(timber-framed) single-family buildings were 153 m2, 3.6 occupants per building and about 43 m2 floor area per 
occupant (Kalamees et al. 2006). Thus, the single-family buildings in this study had slightly lower occupancy 
than the average of the Finnish building stock. Corresponding occupancy of apartments in the studied multy-
family buildings was almost equal to the average of the Finnish building stock. 

The groups of heavyweight single-family buildings and apartments in multy-family buildings consist of different 
types of exterior wall structures. The number of buildings and apartments in each subgroup are shown in Table 
1. The selection within the subgroups was random. Most of the studied buildings and apartments were selected 
from the databases of the companies that manufacture and construct houses. 

 

TABLE 1: Exterior wall materials of studied heavyweight single-family buildings and apartments in multy-family 
buildings. 

Exterior wall structure Single-family buildings 
Blocks of autoclaved aerated concrete 10 
Blocks of lightweight aggregate concrete 10 
Bricks 10 
Concrete shuttering blocks 10 
Concrete sandwich elements 10 
Logs 20 
Number of occupants  
 3 occupants 32 
> 3 occupants 38 
Total 70 

 
Exterior wall structure Apartments in multy-family buildings 
Concrete 34 
Timber-framed 15 
Total 49 

2.2 Measurement methods 

The values of temperature and relative humidity (RH) were measured with data loggers (Fig. 1) at one-hour 
intervals in master bedrooms. The data logger’s temperature measurement range was between -20C and 60C 
with an accuracy of 0.5C, while the RH measurement range was between 0% and 97% RH with an accuracy of 
3% RH. The loggers were located on the partition wall in every master bedroom. The outdoor temperature and 
relative humidity data was aquired from the Finnish Meteorological Institute. 

Measurements of the supply and exhaust ventilation air flows and airtightness of buildings were collected as a 
supplementary information for the humidity measurements. The outgoing air flows were measured from the 
ventilation exhaust devices during normal operation (during site visit). A rotating vane anemometer (Airflow 
Measurements Ltd. model LCA 301, air velocity measurement range from +0.25 to +30 m/s, resolution of 0.01 
m/s and accuracy of ± 1.0% of the reading ±0.02 m/s) with a built-in 100 mm vane and temperature probe 
(measurement range from 0 to 60°C, resolution of 0.1°C and accuracy of ±1.0°C) was applied to measure the air 
flows. The ventilation air change rates were calculated from the anemometer measurement results.  

Additionally, air pressure conditions were recorded from the supply air valves inside the bedrooms of case 
buildings with a handheld air flow measuring device (TSI VelociCalc Plus, model 8386 M FI, measurement 
range from -1245 to 3735 Pa, resolution 1 Pa, accuracy of ± 0.5% of the reading ± 0.03%/°C due to temperature 
changes of the device). This way the supply air flows were roughly estimated from the measured pressure 
differences and ventilation valve characteristics provided by the manufacturer. The air flow and pressure 
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differences were recorded as transient measurements, thus not describing the temporal changes of air-flows of 
the ventilation devices. 

The airtightness of each single-family building and apartment in multy-family building was measured with the 
fan pressurization method using blower door equipment (Minneapolis BlowerDoor, fan capacity from 19 to 6000 
m3/h with DG-700 pressure and flow gauge, accuracy ±1.0 % of the reading or 0.15 Pa (whichever is greater)).  

In connection with measurements a questionnaire for each building and apartment was completed, where the 
building characteristics, building envelope materials, type of HVAC systems and its service schedule, occupants’ 
habits, typical complaints and symptoms related to indoor air quality etc. were written down. 

 

FIG. 1: Data logger used in field measurements. 

2.3 The analysed period of time 

The measurements lasted from six to 28 months between May 2005 and September 2007. The measuring periods 
were not the same in every building and apartment. Due to the arrangement of the measurements, it was not 
possible to start to measure at the same time in every place. 

2.4 Assessment of moisture excess 

The moisture excess  (g/m3) can be calculated by the following Equation: 

  = i - e              (1) 

where i is humidity by volume of indoor air (g/m3), and e is humidity by volume of outdoor air (g/m3) 
calculated on the basis of the measured results of the indoor and outdoor temperature and RH values. 

Humidity by volume values were expressed as weekly average values. On the basis of moisture excess 
dependence on outdoor air temperature Te (C), frequency distributions of moisture excess during the cold period 
(Te  5C) were analysed separately from other data (Te > 5C). 

To analyse the dependency of moisture excess on outdoor climate and to eventually determine the critical 
moisture excess values, the data from each room were sorted according to the outdoor air temperature, using a 
1C increment of the outdoor temperature. From these sorted values, 10 % critical level was calculated. The 10% 
critical level was calculated according to measured rooms. From each room at each outdoor air temperature the 
maximum moisture excess values from one week periods were selected. From this data (each room is 
represented by one maximum moisture excess curve), the higher 10% critical level was calculated (for each 
outdoor air temperature). The same procedure was applied in the previous study with timber-framed houses 
(Kalamees et al. 2005, Kalamees et al. 2006, Vinha et al. 2005). 
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3. Results and discussion 

3.1 Moisture excess distributions 

The moisture excess values were averaged over the cold period (Te  5C) and over the remaining period (Te > 
5C). The comparison of moisture excess average values was done between different subdivisions (see Table 2). 
The average moisture excess in heavyweight single-family buildings during the cold period was 1.9 g/m3 and 
during the remaining period 0.6 g/m3, respectively. Corresponding values for apartments were 1.4 g/m3 and 0.3 
g/m3, respectively. The maximum value of average moisture excess (the result from one measured room) was 6.7 
g/m3 for single-family buildings and 4.3 g/m3 for apartments in multy-family buildings. 

TABLE 2: Average moisture excess during the cold period (Te  5C) and during the remaining period (Te > 
5C). 

Group Weekly average moisture excess [g/m3] 
Te  5C Te > 5C 

Heavyweight single-family buildings 1.9 0.6 
Lightweight (timber-framed) single-family buildings 
*) 

1.9 0.5 

Apartments in multy-family buildings 1.4 0.3 
Heavyweight single-family buildings:   
Blocks of autoclaved aerated concrete (AAC) 2.2 0.6 
Blocks of lightweight aggregate concrete (LWAC) 1.9 0.7 
Bricks 2.0 0.7 
Shuttering concrete blocks 1.9 0.7 
Concrete sandwich elements 1.5 0.4 
Logs 1.9 0.7 
Heavyweight single-family buildings:   
 3 occupants 1.9 0.6 
>3 occupants 1.9 0.6 
Apartments in multy-family buildings:   
Concrete  1.4 0.3 
Timber-frame 1.5 0.3 

*) Vinha et al. (2005) 

As shown in Table 2 the average moisture excess in heavyweight single-family buildings was the same whether 
the amount of occupants was less or more than three (1.9 g/m3 during the cold period and 0.6 g/m3 during the 
remaining period; t-test: p-value > 0.05). The average moisture excess in heavyweight single-family buildings 
with three or less occupants during the cold period (Te  5C) was 1.90 g/m3 and in buildings with more than 
three occupants 1.94 g/m3. During the remaining time (Te > 5C) the corresponding values were 0.62 g/m3 and 
0.60 g/m3 

The type of external wall structure did not have an affect on the comparison of weekly average moisture excess 
values (t-test: p-value > 0.05). Figure 2 shows more closely the distribution of moisture excess results of 
buildings with three or less occupants and more than three occupants.  

The mean ± standard deviation of air change rates of single-family buildings with mechanical supply-exhaust (65 
buildings) and exhaust ventilation (5 buildings) were 0.38 ± 0.15h-1 and 0.44 ± 0.26 h-1, respectively. 
Corresponding air change rates from centralised (20 buildings), apartment-based (15) supply-exhaust and 
exhaust (14 buildings) ventilation systems in multy-apartment buildings were 0.63 ± 0.14, 0.55 ± 0.13 and 0.39 ± 
0.22 h-1, respectively. The guideline value for the ventilation air change rates according to the national building 
code of Finland (RakMK D2 2003) is 0.5 h-1. Therefore, in general slightly better ventilation rates were 
measured in apartments of multy family buildings, where also the air change rates from supply-exhaust 
ventilation systems generally fulfilled the Finnish guideline value. However, the 0.5 h-1 air change rate would 
have been reached in all of the studied buildings by changing the operating level of ventilation to the maximum. 
No significant differences were noticed between the average ventilation air change rates of lightweight (timber-
framed; Kalamees et al. 2006) and heavyweight group of single-family buildings (p-value > 0.05).  
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Also, the estimations of supply air-flows from the bedrooms of apartments of multy-family buildings (mean 
about 4 L/s per person) are somewhat larger than that of single-family buildings (mean about 3 L/s per person). 
The estimated supply air-flows in bedrooms are insufficient in comparision with the guideline value of 6 L/s per 
person, specified in the national building code of Finland (RakMK D2 2003). However, according to the results 
of questionnaire, in general the occupants were satisfied with the perceived indoor air quality. 

Notable differences were found in the airtightnesses of buildings with different external wall structures. Starting 
from the group of the most airtight the mean air change rate, n50, of AAC block houses was 1.5 h-1 (q50: 1.7 
m3/(hm2)), shuttering concrete block houses 1.6 h-1 (1.9 m3/(hm2)), concrete sandwich element houses 2.6 h-1 (2.7 
m3/(hm2)), brick houses 2.8 h-1 (3.0 m3/(hm2)), LWAC houses 3.2 h-1 (3.7 m3/(hm2)), timber-framed houses 3.9 h-

1 (3.9 m3/(hm2)) and log houses 6.0 h-1 (5.7 m3/(hm2)) (Vinha et al. 2015). The mean airtightness values on the 
group level did not have an influence to the weekly average moisture excess values (Table 2).  

 

FIG. 2: The comparison of the moisture excess values during the cold period (Te  5C) and during the 
remaining period (Te > 5C) between houses with three or less occupants and houses with more than three 
occupants 

In Figure 3 the normal distributions of average moisture excess in studied heavyweight single-family buildings 
and apartments in multy-family buildings are presented. 
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FIG. 3: The comparison of the moisture excess values during the cold period (Te  5C) and during the rest of 
time (Te > 5C) between heavyweight single-family buildings and apartments in multy-family buildings. 

Figure 3 shows that the average moisture excess is lower in apartments than in heavyweight single-family 
buildings. This is a result of better ventilation in apartments. The apartments have been studied also e.g. in 
Estonian multy-family buildings with passive stack ventilation (often also referred as natural ventilation). In 
these apartments, the moisture excess was typically higher than in single-family buildings (Kalamees et al. 
2006). Therefore, these results are strongly depending on the type of ventilation. Good ventilation was also the 
reason for the previous result, where the amount of occupants did not affect the moisture excess distributions. 

The moisture excess distribution of heavyweight single-family buildings is quite similar to those studied earlier 
in timber-framed single-family buildings. Moreover, the similarity is also visible in the studies between timber-
framed and concrete multy-apartment buildings (see Table 2). These results also indicate that the type of 
structures did not affect remarkably the moisture excess levels. 

3.2 Critical level of moisture excess 

As Annex 24, Task 2 Environmental Conditions (Sanders 1996) recommended, the higher 10% (90th percentile) 
is the appropriate critical level for the hygrothermal loads. This means that hygrothermal loads higher than their 
normative value should not appear in more than 10% of the cases. 

In a previous study, the higher 10% critical level of moisture excess was determined in 101 Finnish lightweight 
(timber-framed) single-family buildings (Fig. 4, Kalamees et al. 2005, Kalamees et al. 2006, Vinha et al. 2005). 
In Figure 4 each line represents the maximum moisture excess from one measured bedroom or living room, 
while the dotted line represents the higher 10 % critical level. In Figures 5 and 6 the corresponding results are 
presented for 70 heavyweight single-family buildings and 49 apartments in multy-family buildings (both 
heavyweight and lightweight). Each thin line shows the maximum moisture excess from one measured bedroom 



                 - 8 - 

 

FIG. 4: The weekly average moisture excess of 101 timber-framed single-family buildings as a function of 
weekly average outdoor air temperature. Each thin line represents one measured bedroom or living room. The 
dotted line represents the moisture excess curve on the higher 10 % critical level. (Kalamees et al. 2005, 
Kalamees et al. 2006, Vinha et al. 2005). 

 

FIG. 5: The weekly average moisture excess of heavyweight single-family buildings as a function of weekly 
average outdoor air temperature. Each line represents one measured bedroom. The dotted line represents the 
moisture excess curve on the higher 10 % critical level. 

 

0

1

2

3

4

5

6

-25 -20 -15 -10 -5 0 5 10 15 20 25

M
o

is
tu

re
 e

x
c

e
s

s
 [

g
/m

3 ]

Weekly average external temperature [oC]

0

1

2

3

4

5

6

7

-20 -15 -10 -5 0 5 10 15 20 25

M
o

is
tu

re
 e

x
ce

s
s

 [g
/m

3]

Weekly average outdoor air temperature [°C] Higher 10% level



                 - 9 - 

 

FIG. 6: The weekly average moisture excess of apartments in 49 multy-family buildings as a function of weekly 
average outdoor air temperature. Each line represents one measured bedroom. The dotted line represents the 
moisture excess curve on the higher 10 % critical level. 

 

 

FIG. 7: The higher 10% critical level moisture excess of studied buildings of differerent exterior wall structures 
as a function of weekly average outdoor air temperature. Groups of heavyweight and lightweight single family 
buildings are marked as thick solid lines while the sub-groups of heavyweight single-family buildings are 
marked as thin solid lines. Multy-family buildings are marked as dashed lines. 

In heavyweight single-family buildings the 10 % critical level during the cold period (Te  5C) was between 3.4 
and 4.9 g/m3 and during the warm period (Te  15C) between 0.3 and 2.6 g/m3. The respective level for the 
lightweight (timber-framed) single family buildings varied less: from 3.7 to 4.6 g/m3 during the cold period and 
1.3 to 1.8 g/m3 during the warm period. In the apartments of multy-family buildings, the higher 10 % critical 
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level during the cold period (Te  5C) was between 2.4 and 3.6 g/m3 and during the warm period (Te  15C) 
between 0.5 and 1.5 g/m3, correspondingly. 

 

The results (Fig. 4-7) demonstrate that in apartments of multy-family buildings the higher 10% moisture excess 
level is lower than in lightweight (timber-framed; Kalamees et al. 2005, Kalamees et al. 2006, Vinha et al. 2005) 
and heavyweight single-family buildings. The shape of higher 10% level curves of heavyweight buildings group 
differ from comparable curve measured from timber-framed single-family buildings (Figs. 4-5 and 7). Deflection 
and inflection points of moisture excess at the outdoor air temperature of 5 and 15C, respectively, were found 
for timber-framed single-family buildings (Fig. 4, Kalamees et al. 2006). However, the moisture excess values of 
heavyweight single-family buildings decrease rather linearily until a noticeable inflection point at the outdoor 
temperature around 14°C and deflection point at 17°C. Moreover, for the heavyweight single family buildings 
the higher 10% moisture excess level drop almost to the zero level when outdoor air temperature exceeds 20C. 
During the cold period (Te  5C) the critical 10% level of moisture excess of heavyweight single-family 
buildings is higher than in timber-framed single-family buildings. 

Also, the moisture excess levels and shapes of each external wall structure sub-group differ substantially. AAC 
and concrete shuttering block external walled single family buildings tend to have have higher moisture excess 
values at under zero outdoor temperatures while log buildings have highest moisture excess values at above zero 
outdoor temperatures. However, the sample size of each external wall structure sub-group is too small for 
definite conclusions. 

3.3 Design values of moisture excess 

The results of the current study are compared with the two approaches for internal boundary conditions in 
European standard. Annex A.1 in EN ISO 13788:2012 and annex C in EN 15026:2007 demonstrate a simplified 
approach to determine the internal temperature and humidity for heated buildings (only dwellings and offices) in 
continental and tropical climates based on the external air temperature (Fig. 8).  

 

FIG. 8: Daily mean internal air temperature and humidity in dwellings and office 
buildings depending on the daily mean external air temperature (EN ISO 13788:2012, EN 15026:2007). Note 

θi internal temperature, °C; φi internal relative humidity, %; θe external temperature, °C; A normal occupancy; 
B high occupancy. 
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As another approach five humidity classes (Table 3 and Fig. 8) in EN ISO 13788:2012; describe the internal 
humidity load for maritime climates.  Figure 8  shows the limit values of internal moisture excess (Δv) and 
internal vapour pressure excess (Δp) for each class, respectively. For the calculations, it is recommended that the 
upper limit value for each class is applied unless the designer can demonstrate that the conditions are less severe.  
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TABLE 3: Internal humidity classes in EN ISO 13788. The description of buildings follows current strandard EN 
ISO 13788:2012.  

Humidity 
class 

Building 

1 Unoccupied buildings, storage of dry goods  

 

2 Offices, dwellings with normal occupancy and ventilation 

 

3 Buildings with unknown occupancy 

 

4 Sports halls, kitchens, canteens 

 

5 Special buildings, e.g. laundry, brewery, swimming pool 

 

 

FIG. 8: Variation of internal humidity classes with external temperature (Annex A.2. Maritime climates in EN 
ISO 13788:2012).  

 

 

The data for Figures 8 and 9 are derived from the buildings in Western Europe. As mentioned in both standards 
(EN ISO 13788:2012 and EN ISO 13788:2001) measured data may be used to derive values applicable to other 
climates. 

Directly comparable large data sets from the lightweight (Fig. 4), heavyweight single-family buildings (Fig. 5) 
and multy-family apartments (Fig. 6) lead to more general overall results of moisture excess curves applicable to 
Finnish climate. Based on the results of these field measurements a Finnish national guideline (RIL 107-2012) 
has adopted the recommended design values of indoor moisture excess (Fig. 10) for the different types of 
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buildings in Finland (Table 3). The buildings are divided into three humidity classes (Table 4). The moisture 
excess values have not measured from all types of buildings in Finland. Some types of buildings are assumed to 
have the same levels of moisture excess as in residential buildings of Finland. However, currently the moisture 
excess levels are studied also in Finnish municipal service buildings (mostly schools and kindergardens in a 
research project COMBI: Comprehensive development of nearly Zero-Energy municipal service buildings). 
These design curves are valid when mechanical ventilation is applied in buildings. In the case of natural 
ventilation, the design curves should be at the higher level. The Finnish guidelines recommend applying always 
indoor temperature 21 ℃ in the calculations. Although, during summer the indoor temperature might be often 
higher in actual cases. Still, summetime cooling is applied in many Finnish buildings, justifying the general use 
of indoor temperature of 21 ℃.  

 

FIG. 10: Design curves for moisture excess in Finland (RIL 107-2012).  

TABLE 4: Types of buildings belonging to different moisture categories based on moisture excess (RIL 107-
2012).  

Humidity 
class 

Design value of 
moisture excess in 
winter (T≤ 5 °C) 

Type of building 3) 

1 > 5 g/m3  1) Spas, swimming pools, institutional kitchens, laundries, breweries, printing 
houses, greenhouses, moisturised spaces, horseback riding halls, 
agricultural production buildings, animal shelters, industrial facilities with 
high moisture load.  

2 5 g/m3 Residential buildings, office buildings, hotels and other accomodation, 
restaurants, recreational facilities, educational buildings and kindergardens, 
hospitals and nursing homes, museums, gymnastic halls and spaces, ice 
halls and gymnastic spaces with cooling 4), 5), refrigerated and freezed 
rooms 4), 5), cottages suitable for winter residence.  

3 3 g/m3 2) Cottages, half-cold or cold buildings, storage rooms, vehicle garages, 
technical rooms, temporary and mobile buildings. 

1) During design phase the moisture excess of indoor air of buildings belonging to moisture category 1 has to be evaluated always separately. 
Depending from the function a building the moisture excess could vary from 6-20 g/m3. 

2) A design value of moisture excess of 3 g/m3 is applied to the buildings belonging to moisture category 3, unless reliably indicated that 
smaller value of moisture excess is sufficient for the building in question. 

3) If the function of a building changes later on then also its moisture excess values could change. 

4) In case of possible temperature changes also the moisture excess could increase. If the ice halls and gymnastic spaces with cooling are 
occasionally used for the purpose of buildings belonging to humidity class 1 (i.e. their temperature is occasionally elevated), then category 1 
should be assigned. 
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5) In the design of envelope structures of refridgerated rooms also the vater vapour flow inwards should be accounted, as it could cause 
moisture condensation and provide favourable conditions for mould growth near the inner surface of a structure. 

The higher 10% level moisture excess curves of studied groups of Finnish single family and multy-family 
residential buildings together with the limit values of internal moisture according to European standard (EN ISO 
13788:2012) and Finnish guidelines (RIL 107:2012) are summarized in Fig. 11.  

 

FIG. 11. The higher 10% level moisture excess curves of Finnish single-family and multi-family buildings as a 
function of outdoor air temperature (solid lines). Humidity classes of EN ISO 13788:2012 and RIL 107:2012 are 
marked as dashed lines. 

Fig. 11 shows that the EN ISO 13788:2012 design values are difficult to apply for Finnish residential buildings. 
The moisture excess level of 1 g/m3 in EN ISO 13788:2012 is insufficient in warm periods (Te ≥ 20C). The 
higher 10% moisture excess curves of both Finnish lightweight and heavyweight single family buildings are 
constantly exceeding the upper limit value of humidity class 2 (dwellings of normal occupancy and ventilation) 
of EN ISO 13788:2012 in all outdoor temperatures. However, the same upper limit values are suitable for 
apartments in Finnish multi-family buildings. Applying the design value for humidity class 2 in RIL 107:2012 
(including residential buildings) would be justified almost at the full range of outdoor temperatures. The higher 
10% moisture excess curve for heavyweight single-family buildings is rather peculiar exceeding also the 
humidity class 2 in RIL 107:2012 at the outdoor temperature range from 15 to 19°C. Fig. 7 demonstrated that the 
moisture excess values of log building sub-group had considerably higher moisture excess values thus affecting 
significantly the higher 10% moisture excess curves of heavyweight single-family buildings. Gevin and Holme 
(2011) have also proposed internal moisture excess design curves based on their measurements of 117 residential 
buildings (detached one-family houses, semidetached two-family houses, row houses, and apartment buildings) 
in Trondheim, Norway (Fig. 12). The moisture excess curve of heavyweight single-family buildings fits the 
“High” internal moisture excess class for residential buildings proposed by Geving and Holme (2011). 
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FIG 12. Proposed internal moisture excess design curves for residential buildings (based on 10% critical level) 
(Geving&Holme 2011). 

 

It should be highlighted that unlike EN ISO 13788:2012 standard, the Finnish guidelines (RIL 107:2012) has a 
justified reason for not setting the upper moisture excess limit values to special buildings, e.g. laundry, brewery, 
swimming pool. As mentioned in footnote of table 4 (RIL 107-2012), the moisture excess values of Finnish 
special buildings could vary from 6 to 20 g/m3. This might be accounted in the development of the next version 
of EN 13778, although the moisture excess values of special buildings does not belong to the context of current 
paper.  

 

4. Conclusions 
The higher 10 % critical level during the cold period (Te  5C) was between 3.4 and 4.9 g/m3 in Finnish 
heavyweight and lightweight single-family buildings and between 2.4 and 3.6 g/m3 in apartments of multy-
family buildings. During the warm period (Te  15C) the corresponding values were between 0.3 and 2.6 g/m3 
for single-family buildings and 0.5 to 1.5 g/m3 for apartments.  

The number of occupants and the airtightness of different groups did not have influence on the average values of 
moisture excess. In general, slightly better ventilation rates were measured in apartments of multy family 
buildings, where also the air change rates from supply-exhaust ventilation systems generally fulfilled the Finnish 
guideline value.  

The shape of higher 10% level curves of heavyweight buildings group differ from comparable curve measured 
from timber-framed single-family buildings. As clear deflection points in moisture excess versus outdoor air 
temperature as in European standard (EN ISO 13788) and in timber-framed buildings was not found with 
heavyweight buildings and apartments. The higher 10% moisture excess levels and shapes of each external wall 
structure sub-group differ substantially, but the sample size of each sub-group is rather small. 

The design values for humidity classes in EN ISO 13788:2012 were found difficult to apply for Finnish 
residential buildings. The upper limit value of humidity class 2 of EN ISO 13788:2012 is suitable for apartments 
in Finnish multi-family buildings, but too low for Finnish lightweight and heavyweight single family buildings. 
Applying the design values of Finnish guidelines would be justified almost at the full range of outdoor 
temperatures.  
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