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ABSTRACT 17 

Moisture- and mould damage and resulting impurities are related to complex indoor air quality problems. 18 

This study focuses on the need to repair moisture- and mould damage in different structures. The research 19 

material consists of 168 Finnish public buildings. Based on research material, the highest need for repair is 20 

in timber-framed ground floor with crawl-in space, slab-on-ground structures, external walls in concrete-21 

framed buildings and walls in contact with soil. A need to repair these structures exists in 56-85% of the 22 

examined buildings. The study reveals that buildings are multi-problematic: on average 3.1 main category 23 

structures were damaged in every studied building. 24 

 25 
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1  INTRODUCTION 29 

Moisture- and mould damage in different structures and possible resultant indoor air quality (IAQ) 30 

problems in public buildings have been a hot topic in various media and publications. To summarize, these 31 

issues are common for example in Nordic countries (Bornehag et al. 2001), North America (Mudarri and 32 

Fisk 2007) and the rest of Europe (Bornehag et al. 2004). Furthermore, it is estimated nationally that these 33 

problems are suffered by up to 26% of Finnish municipal buildings (Reijula et al. 2012). Repairing this 34 

damage and solving indoor air quality problems are important due to the possible negative health effects of 35 

indoor air impurities (Bornehag et al. 2001). 36 

Even though moisture- and mould damage are common in Finnish public buildings, it is not clearly 37 

demonstrated in which structures the need for repair is concentrated. Knowing this is important, when 38 

future refurbishment actions and needs are under examination.  39 

The statistical data from this study can utilised for this purpose, when examining the need for repair in 40 

larger building groups, for example in public buildings in a city or town. However, previous studies (Kero 41 

2011, Marttila et al. 2015a, Marttila et al. 2015b, Annila et al. 2017) have pointed out that comprehensive 42 

moisture performance assessment had to perform before renovation of individual old buildings - 43 

renovation cannot be based on the statistical data from similar buildings. This is mainly a consequence of 44 

the fact that every building is individual and damage varied greatly between the buildings (Annila et al. 45 

2017). 46 

The aim of this research is to point out the need for the repair of moisture- and mould damage in different 47 

structures in Finnish public buildings. The research is based on data from 168 public buildings. Moisture- 48 

and mould damage is only one possible reason for indoor air quality problems, but this study focuses on 49 

this damage only, and other indoor air impurities and possible health issues are out of scope. 50 

2  LITERATURE REVIEW 51 

2.1  Extent of moisture- and mould damage 52 
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The extent and consequences of moisture- and mould damage have been studied in multiple scientific 53 

studies and national reports. However, the results of the studies are not comparable with each other, 54 

because research methods and objectives, and other factors, such as building types, vary. Moreover, the 55 

definition of moisture- and mould damage also varies and there is no consensus for this definition. Table 1 56 

summarises a couple of studies related to the extent of moisture or mould damage. As can be noticed from 57 

the table, moisture- and mould damage or signs of such damage are common issues in many different 58 

countries, irrespective of the purpose of the building or other above-mentioned factors, as the results of 59 

these studies point out. The share of moisture or mould-damaged building could be high: up to 80% 60 

(Nevalainen et al. 1998). 61 

Table 1. Extent of moisture- and mould damage in a couple of scientific studies 62 

Reference Extent of moisture- and mould damage 

 research material 

 result 

Lawton et al. (1998)  59 homes in Canada 

 The share of moisture damaged structures was between 0-77%. 

Nevalainen et al. (1998)  450 houses in Finland. 

 Trained civil engineers detected current or previous moisture faults in 
over 80% of buildings. 

Howden-Chapman et al. 
(2005) 

 613 households in New Zealand 

 35% of occupants from these houses reported visible mould in one or 
more of their rooms 

Haas et al. (2007)  66 households in Austria 

 In on-site inspections, visible mould growth was found in 56% of the 
apartments. 

Salonen et al. (2007)  77 office buildings in Finland 

 Experienced construction engineers found dampness or visible mould 
damage in 44% of buildings. 

Holme et al. (2008)  205 homes in Norway 

 Professional inspectors detected one or more visible indicators of a 
moisture problem in 50% of the buildings. 

Haverinen-Shaughnessy et al. 
(2012) 

 59 school buildings in Finland, 85 in Spain and 92 in the Netherlands. 

 Signs of damp or mould were detected in 24% of Finnish schools, 47% of 
Spanish schools and 43% of Dutch schools. 

 63 

Although moisture- and mould damage are common in building stock, the damage is usually isolated and 64 

divided into multiple structures and different spaces inside one building (Haverinen et al. 2001, Haas et al. 65 

2007, Holme et al. 2008, Haverinen-Shaughnessy et al. 2008, Haverinen-Shaughnessy et al. 2012). 66 
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Furthermore, a recent study (Annila et al. 2017) indicates that the share of moisture- and mould damaged 67 

structures is on average 2.4-16.3%, which means that on average moisture- and mould damage is isolated 68 

rather than widespread. 69 

2.2  Location of moisture- and mould damage 70 

The location of moisture- and mould damage has been examined in a couple of studies, for example 71 

Partanen et al. (1995), Lawton et al. (1998), Haverinen et al. (2001), Pirinen (2006) and Holme et al. (2008). 72 

However, the location has not been the main research questions in these studies, which is why these 73 

studies are not directly comparable with each other. Furthermore, two key factors, definition of moisture- 74 

and mould damage and classification of structures are different in these studies. 75 

Haverinen et al. (2001) have pointed out that most damaged structures were external walls and partition 76 

walls. The share of buildings where moisture- and mould damage appears on these structures was 29% and 77 

27% respectively. It is, however, unclear whether they examined in their study house that had suffered 78 

multiple damage. 79 

In his dissertation, Pirinen (2006) also studied the location of damage in residential houses. The most 80 

common damage was in ground floors (damage found from 35% of examined buildings), structures of 81 

bathrooms (33%) and walls with soil contact (26%). However, the study does not specify the location of 82 

damage in bathrooms. Damage may be located, for example, in partition walls, ground floors, external 83 

walls or walls in soil contact, depending on location of bathroom. The location of damage varied between 84 

different decades in the 20th century, which indicates that construction period and type of structure may 85 

have an influence on moisture- and mould damage. 86 

The numerous moisture-related problems detected in Finnish slab-on-ground structures have already been 87 

known for a couple decades (Partanen et al. 1995), which is why for example Leivo and Rantala (2005), and 88 

Rantala and Leivo (2008) have focused on moisture problems on ground floors in their studies. 89 
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The Association of Finnish Local and Regional Authorities published its ‘Reasons for and number of cases of 90 

moisture- and mould damage in municipal buildings’ survey in 2006 (Ruokojoki 2006). The survey based on 91 

questionnaires rather than on technical inspections. According to the answers, the most commonly 92 

damaged structures were roofs and ground floors. The share of these structures of all damaged structures 93 

was 33% and 30% respectively. 94 

International studies may be even less comparable to this study or other Finnish studies, due to differences 95 

in building techniques and climate conditions. However, the results and findings are a quite similar. 96 

Windows, basement walls and on-grade floors were the most moisture-damaged structures in study by 97 

Lawton et al. (1998). The share of damaged structures was 77%, 34% and 36% respectively. Holme et al. 98 

(2008) point out that indications of a visible moisture problem are more common in basements than in 99 

bathrooms or living spaces. 100 

2.3  Sensitivity of building materials to moisture- and mould damage  101 

Buildings materials have a variable capacity to resist moisture stress before mould growth occurs. The 102 

sensitivity of building materials to microbial growth can be assessed by various mould growth models. They 103 

can be used to calculate the time needed for mould growth under given temperature and humidity 104 

conditions. They can also determine the minimum moisture requirement for microbial growth to start. 105 

Mould growth models have been compared, for example, by Vereecken and Roels (2012). Table 2 presents 106 

the Finnish mould growth model, where building materials are divided into four sensitivity classes (Ojanen 107 

et al. 2010, Viitanen et al. 2010). Organic materials, such as wood-based products, are more sensitive to 108 

mould growth than, for example, mineral wool or concrete. 109 

Table 2. Mould growth sensitivity classes (Ojanen et al. 2010 & Viitanen et al. 2010). 110 

Sensitivity Class Materials 

Very sensitive Sawn spruce and pine, planed pine, pine sapwood 

Sensitive Planed spruce, glued wooden boards, PUR with paper surface, gypsum boards, paper-
based products 
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Medium resistant Carbonated concrete, aerated and cellular concrete, glass wool, polyester wool, 
cement-based products 

Resistant PUR with polished surface, glass, metals, alkali new concrete  

 111 

Johansson et al. (2012) have presented critical moisture levels for different materials. For example, the 112 

critical limit for pine is 75–80% RH and for cement-based boards 90–95% RH. These are the materials of 113 

Johansson et al. (2012) based on an earlier publication (Johansson et al. 2005), which have been used in 114 

many studies since the original one. Sedlbauer (2002) has also presented corresponding substrate 115 

categories for building materials. Material classification in these mould growth models (Sedlbauer 2002 and 116 

Johansson et al. 2005) are quite similar to those presented in Table 2. 117 

However, none of these above-mentioned mould growth models can be classified as traditional and much-118 

used building materials, as they based on today’s building materials. Moss, straw, peat and sawdust are 119 

examples for traditional organic materials, which were used in some buildings in Finland until the 1960s 120 

(Neuvonen 2006). It is probable that these materials belong to the most sensitive class. 121 

3 MATERIALS AND METHODS 122 

3.1 RESEARCH MATERIAL 123 

The research data consists of moisture performance assessments reports, and the data has been gathered 124 

from a total from 168 Finnish public buildings. These assessments were initially separate fee-based services 125 

for municipalities and many companies have performed them. However, the procedures of moisture 126 

performance assessments settled into their present form in the early 2000s in Finland, which allows the 127 

comparison between the assessments. The collection of the research data started in 2014 in conjunction 128 

with the doctoral thesis of Annila, and continued during the earlier ‘Assessment of state-supported mould 129 

remediation projects, follow-up research’ study (Marttila et al. 2015a & 2015b) and ongoing ‘COMBI – 130 

Comprehensive development of nearly zero-energy municipal service buildings’ project (Vinha et al. 2015). 131 
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Original assessments were performed between 1997 and 2015. The original reason for moisture 132 

performance assessment has usually been mentioned in reports, but that reason is not always clear. Indoor 133 

air quality problems and the determination of the need for repair were mentioned together in 45.2% of 134 

assessments. These two reasons appeared also separately: indoor air quality problems in 25.0% and 135 

determination of need for repair in 20.2% of cases. In 9.5% of assessments the original reason was not 136 

mentioned, but there is suggestion that these two reasons together or separately were the original reason. 137 

The assessments have been thorough, which means that the microbial condition of every structure and 138 

indoor space was examined during the assessments. In addition, other possible indoor air impurities and 139 

factors, such as VOC-emissions and the efficiency of HVAC, were in the scope on these assessments. If 140 

original assessment was not comprehensive, it was rejected as research material. This study, however, 141 

focused only moisture- and mould damage in structures, with other possible indoor air quality problems 142 

out of scope. Moreover, the possible health effects of damage or other impurities are also ignored. 143 

During the study, it has been impossible to supplement the earlier assessments or to carry out new field 144 

studies. The possible limitations and possibilities of research material have been taken into consideration in 145 

the posing of research questions.  146 

Data relating to moisture- and mould damage has been collected from moisture performance assessment 147 

reports and entered into a moisture- and mould damage database. The database contains all basic facts 148 

about the examined buildings, such as year of construction, building materials, number of floors and types 149 

of structure. In addition, more detailed information from every individual case of damage has also been 150 

entered into the database. This includes for example the location, extent and severity of damage, and the 151 

detection method used during the original field study.  152 

The purpose of the examined buildings varies: 115 are school buildings, 29 kindergartens and 24 something 153 

else, mainly different kinds of health service buildings. The studied buildings were built between 1840 and 154 

1998. Table 3 presents how the examined buildings were divided into different age groups. The table also 155 

presents the number of buildings, average year of construction and standard deviation of age in these six 156 
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age groups. Finnish buildings stock is relatively young, which is why a similar age classification is often used 157 

when Finnish building stock is the subject of study (Vainio et al. 2006). 158 

Table 3. Age groups and constructions periods of research material. 159 

Age group 
Before 
1950 

1950-
1959 

1960-
1969 

1970-
1979 

1980-
1989 

After 
1990 

Number of buildings 27 33 29 36 35 8 

Group average 
construction year 

1915 1954 1964 1974 1986 1995 

Standard deviation of 
age 

23.7 3.0 3.0 2.9 3.1 2.7 

 160 

Table 4 catalogues the main structures and materials in the buildings under examination. This table also 161 

illustrates changes in Finnish building techniques and how materials used have changed over the decades. 162 

Structures developed during 20th century. In Finland the main changes were a transition from timber 163 

buildings to masonry structures at the beginning of the century and a further transition to concrete 164 

buildings (Neuvonen 2006) in the middle of century. These changes are illustrated in Table 4. Other 165 

significant changes are: 166 

 in intermediate floors: the transition from structures with organic filler material to massive in situ 167 

concrete slabs or elements structures during the 1960s, 1970s and 1980s 168 

 in structures with soil contact: replacement of internal thermal insulation with external thermal 169 

insulation during 1960s and 1970s 170 

Thermal insulation materials and energy regulations also developed during 20th century. 171 

Table 4. Structures and main materials of the buildings 172 

Age group Number  
of  
buildings 

Type of roof Share of 
buildings  
with wall in 
contact with soil 

Supporting vertical  
frame 

Supporting 
material  
of 
intermediate 
floor 

Structure of base floor 
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Before 
1950 

27 ridge roof 100% 67% masonry 48%  
log 44%  
combination 4%  
timber framing 4% 

concrete 52%  
timber 26% 

ground slab 63%  
timber structure with crawl 
space 48%  
concrete structure with 
crawl space 7% 

1950-1959 33 ridge roof 100% 97% masonry 61%  
concrete 21%  
timber framing 6%  
log 6% 
combination 6% 

concrete 91%  
timber 3% 

ground slab 97% 
concrete structure with 
crawl space 15% 
timber structure with crawl 
space 6%  

1960-1969 29 ridge roof 55%  
flat roof 45% 

76% concrete 72%  
timber framing 21% 
masonry 7% 

concrete 79% ground slab 86% 
concrete structure with 
crawl space 31% 
timber structure with crawl 
space 3%  

1970-1979 36 ridge roof 36% 
flat roof 64% 

50% concrete 64%  
timber framing 25% 
combination 8%  
masonry 3% 

concrete 56%  
timber 3% 

ground slab 94% 
concrete structure with 
crawl space 25% 
timber structure with crawl 
space 8%  

1980-1989 35 ridge roof 77%  
flat roof 23% 

43% timber framing 46%  
concrete 37%  
masonry 14%  
combination 3% 

concrete 40%  
timber 6% 

ground slab 89% 
concrete structure with 
crawl space 23% 
timber structure with crawl 
space 6% 

After 1990 8 ridge roof 88%  
flat roof 13% 

38% concrete 63%  
combination 25% 
timber framing 13% 

concrete 63% ground slab 100% 
concrete structure with 
crawl space 13% 

 173 

3.2 RESEARCH METHODS 174 

3.2.1 Need for repair 175 

In this study, a need for repair exists when at least one of the following criteria is found in the examined 176 

structure: 177 

I Mould damage, visible to the naked eye without magnification. 178 

II Unrepaired, active water leakage detrimental to the structure or building material that it wets. 179 

III A structure or building material found to be moist, extremely moist or wet by a surface moisture 180 

detector based on a five-step assessment scale: dry, a little moist, moist, extremely moist and wet. 181 

IV Relative humidity of the structure exceeds 80% in a drill-hole measurement. 182 

V A material sample shows active microbial (fungal or bacterial) growth. The fungal and bacterial 183 

colonies are determined by dilution plating on MEA (2% malt extract agar) agar, DG18 (dischloran 184 

18% glycerol agar) or TYG (tryptone glucose yeast) agar. 185 
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Basically, a need for repair exists when the structure is moisture- or mould-damaged according to these 186 

criteria. Similar criteria were also used in previous studies (Annila et al. 2014, 2015A, 2015 B, 2016, 2017), 187 

which are also in the moisture- and mould damage database of Tampere University of Technology (TUT). 188 

3.2.2 Classification of structures 189 

Structures have been divided into seven main categories and more precisely into 14 subcategories as 190 

presented in Table 5. External walls, which are partly or fully below the ground, have been classified into 191 

subcategory walls with soil contact. Furthermore, the classification of external walls is based on the type of 192 

vertical load-bearing material. Roof structures are classified based on main structure type. Basement floors 193 

can be slab-on-ground structures or ground floors with crawl space (attic floor structure). Some of the 194 

buildings have both of these structures, in which case the buildings have been included in both the two 195 

main categories. The total number of main category structures is seven.  196 

Table 5. Classification of structures used 197 

Main category Subcategory 

1 Roof Ridge roof 
Flat roof 

2 Slab-on-ground Slab-on-ground 

3 Ground floors with crawl space (attic floor 
structures) 

Wooden ground floor with crawl space 
Concrete ground floor with crawl space 

4 External walls External wall in concrete building 
External wall in timber frame building 
External wall in log building 
External wall in masonry building 
External wall in mixed frame building 

5 Wall in soil contact Wall in soil contact 

6 Intermediate floor Concrete intermediate floor 
Wooden intermediate floor 

7 Partition wall Partition wall 

 198 

4 RESULTS 199 

4.1 Number of damaged structures 200 
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The results indicate that the buildings examined had suffered multiple damage, meaning that the need to 201 

repair moisture- and mould damage was found in many different structures, as presented in Figure 1. 202 

According to the structural classification, damage was found in all seven different main category structures, 203 

as presented in Table 5. Figure 1 also illustrates the average number of main category structures and share 204 

of damaged structures in different age groups. 205 

 206 

Figure 1. Number of damaged structures and total number of structures. 207 

The number of damaged main category structures in the entire body of research was 3.1 damaged 208 

structures per building. The value is highest in buildings from the 1950s, with on average 3.8 different 209 

structures being moisture- or mould-damaged. The share of damaged structures was 62% of the total 210 

number of structures in these buildings. After the 1950s, the trend of number of damaged structures and 211 

trend of total number of structures decreases. Moreover, when the share of damaged structures of the 212 

total number of structures is evaluated, the trend also decreases in buildings built after the 1950s. It seems 213 

that newer buildings are simpler than older buildings and one reason for this is that newer buildings are 214 

more often built without a basement. They are also more rectangular in shape and simpler in terms of 215 

architecture. Basically this means massive single-material structures or at least fewer different materials. 216 

Figure 1 clearly demonstrates that in newer buildings the need for repair of moisture- and mould damage is 217 

rarer than in older buildings. 218 
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Buildings built before 1950 are a little bit simpler than newer buildings in terms of total number of main 219 

category structures. This group is also more heterogeneous than other age groups considering the age of 220 

building, as presented in Table 3. It is also probable that most damaged buildings from this oldest group are 221 

not in use anymore.  In summary, these factors probably explain the deviation from the trend of the other 222 

age group. 223 

4.2 Need for repair 224 

The need for moisture- and mould-damage repairs was also within scope. The result of this part of the 225 

analysis is shown in Table 6. If the structure existed in less than five buildings, it was marked with symbol ‘-226 

‘. The total number of buildings with a combined vertical supporting frame was less than five in every age 227 

group, which is why external walls from these buildings have been excluded from Table 6. The need for 228 

repair has been calculated from those buildings where the structure exists: for example, in the 1970s in 229 

36% of buildings (13/36 buildings), the main roof type was a ridge roof as presented in Table 4. The need 230 

for repair exists in 23% of these buildings, which means that in 3/13 buildings there was moisture- and 231 

mould damage in the ridge roof. It is important to note that the following percentages of need for repairs 232 

represent only the research material. The need for repair of the entire building stock cannot be directly 233 

concluded from these values, because the research material represents only damaged buildings, not the 234 

entire building stock. 235 

Table 6. Need for repair of different structures. The unit is per cent. 236 

 Roofs External walls Intermediate 

floors 

  Ground floor 
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1960-
1969 

19 31 55 62 - 50 - 57 - 72 96 56 - 

1970-
1979 

23 48 56 83 - 44 - 60 - 50 74 33 - 

1980-
1989 

37 13 47 85 20 69 - 43 - 37 84 50 - 

After 
1989 

14 - - 20 - - - 20 - 63 75 - - 

Average 29 30 56 67 37 54 50 49 43 53 82 45 85 

 237 

An average need for repair of many structures is more than 50%, which means that it is more probable that 238 

these structures need moisture- and mould damage repair than that they do not. The need for repair is 239 

highest in a timber-framed ground floor with crawl space (85%), slab-on-ground structures (82%), external 240 

walls in concrete buildings (67%) and walls in soil contact (56%). The need for repair of partition walls (53%) 241 

and intermediate floor (49%), especially those built before the 1980s is high (57-60%). Until the 1970s, 242 

organic filling materials inside the enclosures of concrete intermediate floors were normal. After the 1970s, 243 

there was a shift massive concrete slabs and elements, which is probably the reason the decreased need 244 

for repair in concrete intermediate floors. The need for repair is lowest in ridge roofs (29%), flat roofs (30%) 245 

and external walls in masonry buildings (37%). 246 

5 DISCUSSION 247 

The results and observations from this study are quite similar to previous studies (Partanen et al. 1995, 248 

Lawton et al. 1998, Haverinen et al. 2001, Pirinen 2006, Ruokojoki 2006 and Holme et al. 2008). Moisture- 249 

and mould damage are common in structures with soil contact, in basements or spaces in ground floors. 250 

Moreover, the need for repair of intermediate floor and partition walls is also high. The need for repair of 251 

partition walls is also partly connected to basement and moisture capillary movements of these walls. The 252 

reasons for moisture- and mould damage were out of scope, but it is probable that, in internal structures 253 

(partition walls and intermediate floors), damaging is at least partly related to bathrooms and other water 254 

points inside the building. This also reflects results from a previous study (Pirinen 2006), which points out 255 

that moisture- and mould damage is related to bathroom structure or other spaces where water is used. 256 
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It would be better if the classification of some structures could be done in more detailed. External walls are 257 

a good example from this: in concrete-framed buildings beneath a window, there may be a masonry façade 258 

and, above, a wooden façade. Afterwards, it is sometimes impossible to determine the exact location of 259 

damage from reports of moisture performance assessments; is it in the wooden, concrete or masonry 260 

façade? This is why classification has been done based on the vertical load-bearing frame. The effect of 261 

façade material on damage to external walls need further studies, but it seems that moisture- and mould 262 

damage are more infrequent in simpler than in multiform façades.  263 

Earlier studies (Pirinen 2006, Holme et al. 2008) have pointed out that, in terms of moisture- and mould 264 

damage, buildings could suffer multiple damage. However, it was surprising that the number of damaged 265 

structures was so high in the study: on average 3.1 main category structures were damaged in the entire 266 

research material. Also, in the newest buildings built after 1990, there were 2.1 damaged structures on 267 

average. Based on this finding, it is probable that the comprehensive refurbishment of a single structure is 268 

not enough to solve all moisture- and mould problems, which further highlights the need for 269 

comprehensive examination of building and not only single structures. 270 

It has also been seen that the age of a building affects the amount of moisture- and mould damage issues. 271 

Problems with moisture are more common in older buildings (Holme et al. 2008, Haverinen-Shaughnessy et 272 

al. 2012). In this regard, the results of this study are similar. 273 

The development of structures in Finland is described in research material section and Table 4. Changes 274 

have happened over long periods and the changes were not implemented in every building at the same 275 

time. That is why it is difficult to determine how the changes have influenced the need for repair of 276 

moisture- and mould damage. From the results, the most identifiable change is in need for repair of 277 

concrete intermediate floors: the need for repair decreases significantly from group ‘1970-1979’ to group 278 

‘after 1989’ as presented in Table 6. 279 

Almost without exception, in every Finnish building and structure there are materials which are classified as 280 

most sensitive materials in different mould growth models (Ojanen et al. 2010, Vinha et al. 2013, Johansson 281 



16 
 

et al. 2005, Seldlbauer 2002). Examples of these materials are organic coatings, wooden parts and 282 

traditional organic thermal insulation materials, such as sawdust. This means that continuous moisture 283 

stress will probable lead to damage even in concrete or masonry structures and, as results indicate, 284 

moisture- and mould damage occurred in every structure type. 285 

The trend of the number of moisture- and mould-damaged structures is almost linear, if we ignore the 286 

oldest building group ‘before 1950’ and draw linear regression into Figure 1. As mentioned before, the 287 

group ‘before 1950’ is quite a heterogeneous group of buildings and it is probable that the most damaged 288 

buildings are not in use anymore. This may be why this group differs from other groups as presented in 289 

Figure 1. The direction of the trend is as supposed: the need for repair is greater in older buildings, also in 290 

terms of moisture and mould damage. 291 

According to the linear regression, it takes 25.6 years for a new structure to deteriorate sufficiently to need 292 

repair of moisture- and mould damage. The linear regression does not cross the x-axis when the building 293 

age is 0 years old, which means that, even in new buildings, 1.5 structures may need some level of 294 

moisture- and mould repair action. Further, it is known that even new buildings have problems with 295 

moisture, which may be a consequence of, for example, construction errors, insufficient weather 296 

protection or moisture control during a construction phase. These kinds of problems can be read about 297 

every week in newspapers. 298 

Mould growth models give some estimates of how long it takes before mould growth appears in certain 299 

materials or structures under certain hygrothermal conditions. Furthermore, service life periods for 300 

materials and structures regularly used in Finland (RT 18-10922) have been estimated. These Finnish 301 

estimates are based mainly on practical experiences of building stock and not on scientific service life 302 

models, and they are not estimates from a perspective of moisture- and mould damage, which may shorten 303 

service life. This topic was not included the research questions, so research was not performed from this 304 

perspective and the research material may not be the best for this kind of analysis. After all, according to 305 
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the results and above-mentioned linear regression, the number of moisture- and mould-damaged 306 

structures can be estimated with the formulae: 307 

Nmmd = 1.5 + y / 25.6 ± E80% 308 

E80% = y / 57.0 + 0.9 309 

In which Nmmd means the number of moisture- and mould-damaged structures, E80% is the error term, and y 310 

means the age of the building in years. Error term represents the range that includes 80% of the research 311 

material. The number of moisture- and mould-damaged structures, for example in a 45-year-old building is 312 

3.2 ± 1.7 (range is 1.5…4.9 damaged structure). This topic and formula, however, need further studies 313 

before validation and wide use. This does, however, seem to mirror practical experiences from the field. 314 

The originally research question was, where does moisture- and mould-damage start. However, as the 315 

results show, the buildings were more damaged than expected.  The average number of damaged 316 

structures varied between 2.1-3.8 main category structures per building. Afterwards, from reports of 317 

moisture performance assessment, it was impossible to determine which structure suffered damage first. 318 

In the sample of 168 buildings, there were only a few buildings where the need for repair appeared only in 319 

one structure. It cannot be determined which structures were probably damaged first. The sample was too 320 

small to analyse that. 321 

The age distribution of the research material is quite similar to the age distribution of Finnish municipal 322 

building stock, when similar types of building have been taken into account. It can be considered that the 323 

research material is representative of Finnish public buildings, but only those that are damaged. Also, all 324 

widely used Finnish structures were represented in the study. 325 

6 CONCLUSIONS 326 

The study reveals that public buildings are multi-problematic, when municipalities have to react to indoor 327 

air quality complaints, or refurbishment projects starts for other reasons. On the basis of analysis of 168 328 
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Finnish public building moisture performance assessments, the average number of moisture- and mould-329 

damaged structures was 3.1. Damage occurred in every structure type, irrespective of the age of building or 330 

load-bearing frame material, and the share of damaged structures varied between 13% and 96%. The need 331 

for repair was highest in timber-framed ground floors with crawl space (85%), slab-on-ground structures 332 

(82%), external walls in concrete buildings (67%) and walls in soil contact (56%). The need for repair was 333 

lowest in ridge roofs (29%), flat roofs (30%) and external walls in masonry buildings (37%). 334 

ACKNOWLEDGEMENTS 335 

This study is part of the COMBI-project (Comprehensive development of nearly zero-energy municipal 336 

service buildings) and part of Annila’s PhD studies. The authors are grateful to the project participants for 337 

the financial and other support during the study. Annila’s PhD studies were also supported by Kiinko Real 338 

Estate Education, the KAUTE Foundation (the Finnish Science Foundation for Economics and Technology), 339 

and the Jenny and Antti Wihuri Foundation. The authors are also grateful for this financial support. The 340 

authors are also grateful to Tim Glogan for proofreading.   341 



19 
 

REFERENCES 342 

Annila, P. J., Suonketo, J. & Pentti, M. (2014) Kosteus- ja mikrobivauriot koulurakennuksissa TTY:n 343 

suorittamien kosteusteknisten kuntotutkimusten perusteella. Sisäilmastoseminaari 13.3.2014 Helsinki, 344 

Suomi. Säteri, J. & Backman, H. (editors). SIY Raportti 32, pp. 301-306. (in Finnish) 345 

Annila, P. J., Hellemaa M., Jommi Suonketo & Matti Pentti (2015a) Kosteus- ja mikrobivaurioiden laajuus 346 

kuntien kiinteistöissä. Sisäilmastoseminaari 11.3.2015 Helsinki. Säteri, J. & Ahola, M. (editors). SIY raportti 347 

33, p. 95-100. (in Finnish) 348 

Annila, P. J., Lahdensivu, J., Suonketo, J. & Pentti, M. (2015b) Practical experiences from several moisture 349 

performance assessments. Proceedings of 1st International Symposium on Building Pathology. ISBP2015. 350 

Porto 24-27 March 2015. Portugal. pp. 115-122. 351 

Annila, P. J., Lahdensivu, J., Suonketo, J. & Pentti, M. (2016) Practical Experiences from Several Moisture 352 

Performance Assessments. Building Pathology and Rehabilitation, Vol 5, Recent Developments in Building 353 

Diagnosis Techniques. Delgado, J.M.P.Q. (Ed.). Book chapter, pp. 1-20. 354 

Annila, P. J., Hellemaa, M., Pakkala, T. A., Lahdensivu, J., Suonketo, J. & Pentti, M. (2017) Extent of moisture 355 

and mould damage in structures of public buildings. Case Studies in Construction Materials. Volume 6, June 356 

2017, pp. 103-108. 357 

Bornehag, C.-G., Blomquist, G., Gyntelberg, F., Järvholm, B., Malmberg, P, Nordvall, L., Nielsen, A., 358 

Pershagen, G. & Sundell, J. (2001) Dampness in Buildings and Health – Nordic Interdisciplinary Review of 359 

the Scientific Evidence on Associations between Exposure to “Dampness” in Buildings and Health Effects 360 

(NORDDAMP). Indoor Air 2001; 11: 72-86. 361 

Bornegag, C.-G., Sundell, J., Bonini, S., Custovic, A., Malmberg, P., Skerfving, S., Sigsgaards, T. & Verhoeff, A. 362 

(2004) Dampness in buildings as a risk factor for health effects, EUROEXPO: a multidisciplinary review of the 363 



20 
 

literature (1998-2000) on dampness and mite exposure in buildings and health effects. Indoor Air 2004; 14: 364 

243-257. 365 

Haas, D., Habib, J., Galler, H., Buzina, W., Schlacher, R., Marth, E. & Reinthaler, F.F. (2007) Assessment of 366 

indoor air in Austrian apartments with and without visible mold growth. Atmospheric Environment 41 367 

(2007) 5192-5201. 368 

Haverinen, U., Husman, T., Pekkanen, J., Vahteristo, M., Moschandreas, D. & Nevalainen, A. (2001) 369 

Characteristics of Moisture Damage in Houses and Their Association with Self-Reported Symptoms of the 370 

Occupants. Indoor Built Environment 2001; 10:83-94. 371 

Haverinen-Shaughnessy, U., Hyvärinen, A., Putus, T. & Nevalainen, A. (2008) Monitoring success of 372 

remediation: Seven case studies of moisture and mold damaged buildings. Science of the Total 373 

Environment 399 (2008) 19-27. 374 

Haverinen-Shaughnessy, U., Borras-Santos, A., Turunen, M., Zock, J.-P., Jacobs, J., Krop, E. J. M., Casas, L., 375 

Shaughnessy, R., Täubel, M., Heederik, D., Hyvärinen, A., Pekkanen, J., Nevalainen, A. & HITEA study group 376 

(2012) Occurence of moisture problems in schools in three countries from different climatic regions of 377 

Europe based on questionnaires and building inspections – the HITEA study. Indoor Air 2012; 22: 457-466. 378 

Holme, J., Geving, S. & Jenssen, J. A. (2008) Moisture and Mould Damage in Norwegian Houses. 379 

Proceedings of the 8th Symposium on Building Physics in the Nordic Countries, vol. 3. pp. 1213-1220. 380 

Howden-Chapman, P., Saville-Smith, K., Crane, J. & Wilson, N. (2005) Risk factors for mold in housing: a 381 

national survey. Indoor Air 2005; 15: 469-476. 382 

Johansson, P., Samuelson, I., Ekstrand-Tobin, A., Mjörnell, K., Sandberg, P.I. & Sikander, E., (2005) 383 

Microbiological Growth on Building Materials: Critical Moisture Levels. State of the Art. SP Swedish National 384 

Testing and Research Institute. 385 



21 
 

Johansson, P, Ekstrand-Tobin, A., Svensson, T. & Bok, G. (2012) Laboratory study to determine the critical 386 

moisture level for mould growth on building materials. International Biodeterioration & Biodegradation 73 387 

(2012) 23-32. 388 

Kero, P. (2011) Evaluating of Moisture and Mold Renovation Process in Municipal Buildings. Tampere 389 

University of Technology. Master of Science Thesis. 62 p. (in Finnish) 390 

Lawton, M. D., Dales, R. E. & White, J. (1998) The Influence of House Characteristics in a Canadian 391 

Community on Microbiological Contamination. Indoor Air 1998; 8: 2-11. 392 

Leivo, V. & Rantala, J. (2005) Typical Moisture Failures of Slab-on-Ground Structures in Finland. Practice 393 

Peridoical on Structural Design and Construction 2005. 10: 98-101. 394 

Marttila, T., Suonketo, J., Kero, P. & Annila, P.J. (2015a) Assessment of state-supported mould renovations 395 

in Finland. 1st International Symposium on Building Pathology ISBP 2015, Porto, Portugal. P. 118 + 8 pages 396 

in digital form. 397 

Marttila, T., Annila, P., Kero, P., Suonketo, J., Heino, S., & Pentti, M. (2015b) HKPro3 - Valtion tukemien 398 

homekorjaushankkeiden arviointi: Jatkotutkimus. Tampere University of Technology. Department of Civil 399 

Engineering. Structural Engineering. Research Report 163. 68 p. (in Finnish) 400 

Mudarri, D. & Fisk, W. J. (2007) Public health and economic impact of dampness and mold. Indoor Air 2007; 401 

17: 226-235. 402 

Nevalainen, A., Partanen, P., Jääskeläinen, E., Hyvärinen, A., Koskinen, O., Meklin, T., Vahteristo, M., 403 

Koivisto, J. & Husman, T. (1998) Prevalence of Moisture Problems in Finnish Houses. Indoor Air 1998; suppl. 404 

4: 45-49. 405 

Neuvonen, P. (editor) (2006) Kerrostalot 1880-2000 - arkkitehtuuri, rakennustekniikka, korjaaminen. 406 

Building Information Foundation RTS, National Board of Antiquities. Rakennustieto Oy, Helsinki. ISBN 13: 407 

978-951-682-794-3. (in Finnish) 408 



22 
 

Ojanen, T., Viitanen, H., Peuhkuri, R., Lähdesmäki, K., Vinha, J. & Salminen, K. (2010) Mold growth 409 

modelling of building structures using sensitivity classes of materials. Proceedings Buildings XI, Florida; 410 

December 2010. 411 

Partanen, P., Jääskeläinen, E., Nevalainen, A., Husman, T., Hyvärinen, A., Korhonen, L., Meklin, T., Miller, K., 412 

Forss, P., Saajo, J., Röning-Jokinen, I., Nousiainen, M., Tolvanen, R. & Henttinen, I. (1995) Pientalojen 413 

kosteusvauriot – yleisyyden ja korjauskustannusten selvittäminen. Kansanterveyslaitoksen julkaisuja. KTL 414 

B6 1995. ISBN 051-53-0167-X. (in Finnish) 415 

Pirinen, J. (2006) Damage caused by microbes in small houses. Helsinki. Hengitysliitto Heli ry. Publications 416 

19/2006. 124 p. (in Finnish) 417 

Rantala, J. & Leivo, V. (2008) Thermal, moisture and microbiological boundary conditions of slab-on-ground 418 

structures in cold climates. Building and Environment 43 (2008) 736-744. 419 

RT 18-10922 (2008) Kiinteistön tekniset käyttöiät ja kunnossapitojaksot. Building Information Foundation 420 

RTS, 2008. (in Finnish) 421 

Reijula, K., Ahonen, G., Alenius, H., Holopainen, R., Lappalainen, S., Palomäki, E. & Reiman, M. (2012) 422 

Rakennusten kosteus- ja homeongelmat. Eduskunnan tarkastusvaliokunnan julkaisu 1/2012. Lokakuu 2012, 423 

1. painos, Espoo 2012. 178 p + 27 append. p. (in Finnish) 424 

Ruokojoki (2006) Kosteus- ja homeongelmien määrä ja syyt kuntien rakennuksissa 2005. Kuntaliitto. 26 p. + 425 

35 appendix p. ISBN 952-213-109-1. (in Finnish) 426 

Salonen, H., Lappalainen, S., Lindroos, O., Harju, R. & Reijula, K. (2007) Fungi and bacteria in mould-427 

damaged and non-damaged office environments in a subartic climate. Atmospheric Environment 41 (2007) 428 

6796-6807. 429 

Sedlbauer, K. (2002) Prediction of Mould Growth by Hygrothermal Calculation. Journal of Thermal 430 

Environment & Building Science. Vol. 25, No. 4 – April 2002. pp. 321-336. 431 



23 
 

Vainio T., Jaakkonen, L., Nuuttila, H. & Nippala, E. (2006) Kuntien rakennuskanta 2005. Kuntaliitto, Helsinki. 432 

ISBN 952-213-110-5. 39 p + 10 appendix.p. (in Finnish) 433 

Vereecken, E. & Roels, S. (2012) Review of mould prediction models and their influence on mould risk 434 

evaluation. Building and Environment 51 (2012) 296-310. 435 

Viitanen, H., Vinha, J., Salminen, K., Ojanen, T., Peuhkuri, R., Paajanen, L. & Lähdesmäki, K. (2010) Moisture 436 

and Bio-deterioration Risk of Building Materials and Structures. Journal of Building Physics, Vol. 33, No. 3 – 437 

January 2010. pp. 201-224. 438 

Vinha, J., Laukkarinen, A., Mäkitalo, M., Nurmi, S., Huttunen, P., Pakkanen, T., Kero, P., Manelius, E., 439 

Lahdensivu, J., Köliö, A., Lähdesmäki, K., Piironen, J., Kuhno, V., Pirinen, M., Aaltonen, A., Suonketo, J., 440 

Jokisalo, J., Teriö, O., Koskenvesa, A. & Palolahti, T. (2013) Effects of climate change and increasing of 441 

thermal insulation on moisture performance of envelope assemblies and energy consumption of buildings. 442 

Tampere University of Technology. Research report 159, 354 p. + 43 p. app. (in Finnish) 443 

Vinha, J., Hedman, M., Sirén, K., Harsia, P., Pentti, M., Teriö, O., Heljo, J., Laukkarinen, A., Annila, P., 444 

Kaasalainen, H., Jokisalo, J. & Pihlajamaa, P. (2015) Uudessa COMBI-hankkeessa tutkitaan energiatehokkaan 445 

palvelurakentamisen haasteita ja ratkaisuja. Rakennusfysiikka 2015. Uusimmat tutkimustulokset ja hyvät 446 

käytännön ratkaisut. 22.-22.10.2015, Tampere. Vinhja, J. & Ruuska, T. (eds.). Tampereen teknillinen 447 

yliopisto, rakennustekniikan laitos, rakennetekniikka, Seminaarijulkaisu; no. 4, pp. 487-496. (in Finnish) 448 


