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and makes the evaluation of the MI values obtained as function of occupant exposure using a 
traffic light system: within the structure but without direct contact with the indoor air, the ‘green 
zone’ rises from MI 1 to MI. If contact with the user is completely excluded in sealed-off areas 
within the structure, values up to MI 3 are also uncritical. The yellow zones above this leave the 
decision to the planner and the respective requirements. On the interior surface, the red zone then 
begins at MI 2 and within a component at MI 3. Whether a red zone is also appropriate for 
sealed-off areas is still under discussion, as there are indications that excessive mould growth 
could also damage the materials through the mould's metabolic products, which would then have 
to be avoided regardless of hygiene aspects.  

With regard to assessment, it is also important to distinguish between the results of forecast 
models, which calculate a growth risk in, for example, MI 3 on the basis of a synthesis of the 
fastest-growing fungal species and model-immanent certainties, on the one hand, and the 
investigation of a damage case, on the other hand, in which a more serious fungus with MI 3 may 
be observed in the component. As with a calculated failure of a supporting structure, as opposed 
to a real failure also here the two are not identical, and the second is to be assessed much more 
critically than the first. 

 

 
 
Figure 2. Assessment criteria for mould depending on the evaluation position and its ‘contact’ 
with the user or the indoor air as traffic light scheme from WTA-Guideline 6-3 [9]based on [15]. 
The assessment for interior surfaces or positions with indoor air contact is made with the criteria 
on the left. Without direct indoor air contact, the middle column applies. If contact with the user 
is excluded, the right-hand column is decisive. 
 
In summary, mould growth can be ruled out on level 1 if the relative humidity on the surfaces of 
building components remains below 80% in winter. If this is not the case, the temperature-
dependent limit value curves from WTA Guideline 6-3 [9] can be used as level 2 evaluation, or a 
transient forecast can be carried out in level 3. In this case, the resulting mould index can be 
evaluated using the table in Figure 2. While the bio-hygrothermal model WUFI Bio performs an 
evaluation based on the physically determined germination and growth rates, WUFI FinMould 
uses mathematically and empirically determined equations. Both models deliver similar results, 
which can also be converted into each other, as shown in [16]. For building component layers 
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Figure 1. Lowest growth conditions for mould depending on the nutrient quality of the substrate 
material as lowest isopeleht for mould (LIM) according to [13]. LIM 0 applies to optimal nutrient 
situations like breeding ground in the lab, while LIM I is valid for biodegradable and LIM II for 
non biodegradable materials.  
 
The WTA Guidelines 6-5 [14] on interior insulation and 6-8 [15] on the assessment of timber 
components do not provide for any assessment of the risk of mould growth on the cold side of the 
insulation layer, as this would be a knockout criterion for a large number of well performing 
timber constructions or walls with interior insulation. Even with the earlier Glaser or Dew-Point 
methods, this position was not evaluated with regard to mould. On the contrary, Glaser regularly 
allows condensation to form over several weeks to months, which only has to evaporate again in 
summer. However, with the relative humidity of 100% associated with condensation, any 
threshold value available for mould growth is significantly exceeded. 

The new WTA Guideline 6-3 [9] addresses this problem by introducing different exposure 
classes. The limited applicability of the available models for positions within or on the exterior 
surface of the components is compensated for by correspondingly higher tolerance limits in the 
results. The results of the transient prediction models are described in the so-called Mould Index 
(MI), which was developed for the Finnish models [10] but can also be transferred to WUFI Bio 
model [16]. MI 0 means that no mould growth is possible at all. From level 1 to 2, initial growth 
is possible, but only microscopically visible. Only from level 3 onwards is it visible to the naked 
eye. Results up to MI 1 are therefore always accepted – even on interior surfaces. Firstly, the 
forecast still has a certain safety margin and, secondly, the impact on indoor air quality caused by 
growth on this scale would be negligible – because it is for example less than that caused by 
indoor plants with moist soil, ripe fruit or vegetables, on whose surfaces mould can also form 
visibly or the spore load that is brought into the living area from outside, e.g. on clothing. The 
initial growth up to MI 1 at critical component positions can therefore be regarded as part of the 
base load that is present both in the outdoor climate and, in a comparable manner, in normal 
indoor spaces. At higher values, international assessments vary somewhat. While ASHRAE 
Standard 160 [5] generally allows all results below MI 3, values above MI 1 are sometimes 
already considered problematic. The aforementioned WTA Guideline 6-3 takes a middle course 

Rakennusfysiikka 2025, 28.–29.10.2025



9

 
 

 

and makes the evaluation of the MI values obtained as function of occupant exposure using a 
traffic light system: within the structure but without direct contact with the indoor air, the ‘green 
zone’ rises from MI 1 to MI. If contact with the user is completely excluded in sealed-off areas 
within the structure, values up to MI 3 are also uncritical. The yellow zones above this leave the 
decision to the planner and the respective requirements. On the interior surface, the red zone then 
begins at MI 2 and within a component at MI 3. Whether a red zone is also appropriate for 
sealed-off areas is still under discussion, as there are indications that excessive mould growth 
could also damage the materials through the mould's metabolic products, which would then have 
to be avoided regardless of hygiene aspects.  

With regard to assessment, it is also important to distinguish between the results of forecast 
models, which calculate a growth risk in, for example, MI 3 on the basis of a synthesis of the 
fastest-growing fungal species and model-immanent certainties, on the one hand, and the 
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Figure 2. Assessment criteria for mould depending on the evaluation position and its ‘contact’ 
with the user or the indoor air as traffic light scheme from WTA-Guideline 6-3 [9]based on [15]. 
The assessment for interior surfaces or positions with indoor air contact is made with the criteria 
on the left. Without direct indoor air contact, the middle column applies. If contact with the user 
is excluded, the right-hand column is decisive. 
 
In summary, mould growth can be ruled out on level 1 if the relative humidity on the surfaces of 
building components remains below 80% in winter. If this is not the case, the temperature-
dependent limit value curves from WTA Guideline 6-3 [9] can be used as level 2 evaluation, or a 
transient forecast can be carried out in level 3. In this case, the resulting mould index can be 
evaluated using the table in Figure 2. While the bio-hygrothermal model WUFI Bio performs an 
evaluation based on the physically determined germination and growth rates, WUFI FinMould 
uses mathematically and empirically determined equations. Both models deliver similar results, 
which can also be converted into each other, as shown in [16]. For building component layers 
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Figure 1. Lowest growth conditions for mould depending on the nutrient quality of the substrate 
material as lowest isopeleht for mould (LIM) according to [13]. LIM 0 applies to optimal nutrient 
situations like breeding ground in the lab, while LIM I is valid for biodegradable and LIM II for 
non biodegradable materials.  
 
The WTA Guidelines 6-5 [14] on interior insulation and 6-8 [15] on the assessment of timber 
components do not provide for any assessment of the risk of mould growth on the cold side of the 
insulation layer, as this would be a knockout criterion for a large number of well performing 
timber constructions or walls with interior insulation. Even with the earlier Glaser or Dew-Point 
methods, this position was not evaluated with regard to mould. On the contrary, Glaser regularly 
allows condensation to form over several weeks to months, which only has to evaporate again in 
summer. However, with the relative humidity of 100% associated with condensation, any 
threshold value available for mould growth is significantly exceeded. 

The new WTA Guideline 6-3 [9] addresses this problem by introducing different exposure 
classes. The limited applicability of the available models for positions within or on the exterior 
surface of the components is compensated for by correspondingly higher tolerance limits in the 
results. The results of the transient prediction models are described in the so-called Mould Index 
(MI), which was developed for the Finnish models [10] but can also be transferred to WUFI Bio 
model [16]. MI 0 means that no mould growth is possible at all. From level 1 to 2, initial growth 
is possible, but only microscopically visible. Only from level 3 onwards is it visible to the naked 
eye. Results up to MI 1 are therefore always accepted – even on interior surfaces. Firstly, the 
forecast still has a certain safety margin and, secondly, the impact on indoor air quality caused by 
growth on this scale would be negligible – because it is for example less than that caused by 
indoor plants with moist soil, ripe fruit or vegetables, on whose surfaces mould can also form 
visibly or the spore load that is brought into the living area from outside, e.g. on clothing. The 
initial growth up to MI 1 at critical component positions can therefore be regarded as part of the 
base load that is present both in the outdoor climate and, in a comparable manner, in normal 
indoor spaces. At higher values, international assessments vary somewhat. While ASHRAE 
Standard 160 [5] generally allows all results below MI 3, values above MI 1 are sometimes 
already considered problematic. The aforementioned WTA Guideline 6-3 takes a middle course 
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2. Yläpohjarakenteen lämpö- ja kosteusteknisen toimivuuden 
laskennallinen tarkastelu 

 
Laskennallisen tarkastelun tarkoituksena oli selvittää, miksi yläpohjarakenteessa esiintyy 
vesivuotoja. Aikaisemmissa ja tässä tutkimuksessa varmistettiin, ettei vesivuoto johdu 
rikkoutuneesta vesikatteesta. Laskentatarkastelussa tutkittiin voiko vesivuodot olla seurausta 
rakentamisvaiheen jälkeisestä jäännöskosteudesta, vai kondensoituuko uratuuletuksen 
rakenteeseen tuoma ulkoilman kosteus rakenteeseen. Vesivuotojen esiintyessä erityisesti 
kesäaikaan, jolloin ulkoilma on kosteampaa ja lämpimämpää kuin kylmätilojen sisäilma, on 
yläpohjarakenteen läpi sisätiloista ulkoilmaan mahdollisesti esiintyvät ilmavuodot 
epätodennäköinen vesivuodon aiheuttaja. 
 
Laskentatarkastelu tehtiin numeerisesti WUFI Pro 5.3 ohjelmalla. Kosteudensiirtyminen 
mallinnettiin pääasiassa vesihöyryn diffuusiona ja kapillaarisena kosteuden siirtymisenä. 
Lämmön- ja vedeneristeiden sekä höyrynsulun osalta huomioitiin vain vesihöyryn diffuusio. 
Materiaalien alkukosteutena käytettiin suhteellisen kosteuden arvoa 80 %. 
Materiaaliominaisuuksina käytettiin kirjallisuudessa esitettyjä ja materiaalitoimittajien 
ilmoittamia arvoja [4,5]. 
 
Reunaehtoina laskennassa käytettiin sisätilojen osalta suhteellisen kosteuden arvoa 50 % 
(kohteessa myöhemmin mitattu RH 48,3…59,7 %). Sisätilojen lämpötilaa vaihdeltiin +2…+21 
°C. Ulkoilman reunaehtona käytettiin tutkimuskohdetta lähimmän Ilmatieteenlaitoksen 
säähavaintoaseman (Kumpula) mittaustuloksia, joissa oli vähiten puutteita havaintosuureissa 
viimeiseltä seitsemältä vuodelta [6]. 
 
Lämmönsiirtokertoimina käytettiin mallin sisätilojen puoleisella pinnalla arvoa 10 W/(m²K) ja 
ulkoilman puoleisella pinnalla arvoa 25 W/(m²K) [7]. Kosteudensiirtokertoimet määräytyvät 
laskentaan käytetyssä ohjelmassa automaattisesti olosuhteiden perusteella. Ilmanvaihtuvuutena 
(ACH) yläpohjarakenteen tuuletusurissa käytettiin arvoja 0,5, 5 ja 50 1/h. Lisäksi 
ilmanvaihtuvuutta tuuletusurissa arvioitiin urien koon ja jaon, alipainetuulettimien 
”palvelualueen”, paikallisen tuulennopeuden vuosikeskiarvon ja alipainetuulettimen tehokäyrän 
perusteella, jolloin tuuletusurien ilmanvaihtuvuudeksi saatiin 50 1/h. 
 
2.1 Laskennallisen tarkastelun tulokset ja tulosten tarkastelu 
 
Laskentatulosten perusteella kyseinen rakenne toimii hyvin lämpimien sisätilojen 
yläpohjarakenteena (kuva 2). Kuvasta nähdään myös, että jäännöskosteus kuivuu rakenteesta 
nopeasti. Kylmätiloissa, joissa sisäilman lämpötila on +2 °C kondensoituu kosteus 
höyrynsulkukalvon yläpintaan, eikä rakenne kuivu vuosittaisten olosuhdevaihteluiden aikana 
(kuva 2). Laskennan tarkastelupisteet on esitetty kuvassa 1. 
 
Kuvissa 3 ja 4 on esitetty prosenttiosuus tunneista 7 vuoden ajalta, jolloin olosuhteet 
tarkastelupisteissä mahdollistavat kosteuden kondensoitumisen kyseisessä pisteessä eri sisäilman 
lämpötiloissa ja eri tuuletusurien ilmanvaihtuvuuksilla. Tuloksista nähdään, että 
höyrynsulkukalvon pinnalla esiintyy merkittävää kosteuden kondensoitumista, kun sisäilman 
lämpötila on alhainen. Lisäksi nähdään, että yläpohjarakenteen tuuletus heikentää rakenteen 
toimivuutta tiloissa, joissa sisäilman lämpötila on alhaisempi kuin +5 °C. Korkeammilla 
sisätilojen lämpötiloilla tuuletuksen kasvattamisella on rakenteen toimivuutta parantava vaikutus. 
Muutos tuuletuksen vaikutuksessa tapahtuu kyseisen ilmastovyöhykkeen ulkoilman vuoden 
keskiarvolämpötilan kohdalla. 
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sisätiloista rakenteeseen on vähäistä. Tuuletuksella puolestaan tuodaan rakenteeseen kosteutta 
ulkoilmasta ja alhaisen sisätilan lämpötilan seurauksena voi kosteus tiivistyä rakenteeseen. 
 
Jäähallien suunnittelua käsittelevässä RT 103449 kortissa vaipparakenteiden kosteustekninen 
toimivuus varmistetaan kolmella perusratkaisulla, joissa (I) rakenteen tulee olla joko molemmilta 
puolita diffuusiotiivis, tai (II) rakenne on höyrynsuluton ja rakennepaksuudet mitoitetaan 
vesihöyrynläpäisevyyden ja kosteudensitomiskyvyn mukaan niin, ettei kosteuden haitallista 
kertymistä tapahdu, tai (III) tuuletettu rakenne, jolloin kondenssikertymät ja valumavedet 
huomioidaan suunnittelussa ja toimivuus varmistetaan laskennallisesti ja lisäksi toimivuutta 
seurataan mittauksin [3]. Molemmilta puolilta diffuusiotiivis rakenne (I) on julkaisun mukaan 
kosteusteknisesti toimivin, kun myös lämmöneristeen diffuusionvastus on suuri. Jäähalleissa 
usein jää sulatetaan kesän ajaksi, jolloin ulkoilman kosteuden rakenteeseen kondensoitumisen 
kannalta kriittisin vuodenaika vältetään, kun taas kylmävarastoissa olosuhteet jatkuvat vuoden 
ympäri. 
 
Edellä mainitut ohjeet ovat keskenään ristiriitaisia, sillä ensimmäisessä ohjeistetaan, että 
kylmätiloissa rakenteen sisäpintaan ei saa asentaa tiivistä kalvoa ja toisessa, että rakenteen tulee 
olla tiivis molemmilta puolilta. Kolmannessa sallitaan molemmat edellä mainitut, sekä rakenteen 
tuulettaminen. Tässä tutkimuksessa ongelmaa lähestyttiin tapaustutkimuskohteen näkökulmasta, 
jossa esiintyi vesivuotoja yläpohjarakenteessa kylmätilojen alueella erityisesti kesäaikaan. 
Vesivuodot havaittiin sisätiloissa lattialle muodostuneina lammikoina. Kohteeseen oli tehty 
aikaisempia tutkimuksia vesivuodon syyn selvittämiseksi. Aikaisemmissa tutkimuksissa ei 
havaittu vaurioita vesikatteessa, eikä vuotoreittiä ja vuodon syytä löydetty. 
 
Tutkimuskohde on 2018 valmistunut hallirakennus, jossa yläpohjarakenteena toimii 
mineraalivillalla eristetty TT-laatta. Kohteessa on lämpimiä tiloja (+21°C), kylmätiloja (+2…+16 
°C) ja pakkastila (-21°C). Lämpimissä ja kylmätiloissa yläpohjarakenne on uratuuletettu ja TT-
laatan päällä on tiivis höyrynsulkukalvo (kuva 1). Pakkastilojen yläpohjarakenteessa ei ole 
uratuuletusta, eikä höyrynsulkukalvoa ja lämmöneristeenä on mineraalivillan sijaan 
huomattavasti suuremman diffuusionvastuksen omaava PIR-eriste. 
 

 
Kuva 1. Yläpohjarakenteen rakennetyyppi lämpimissä ja kylmätiloissa. TP1-TP4 ovat 
laskentatarkastelussa käytetyt tarkastelupisteet. 
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Nu+1 is calculated as the ratio of total heat transfer (�Ë�W�R�W�D�O), including potential INC, to ”conductive-
only” heat transfer without INC (�Ë�F�R�Q�G�X�F�W�L�Y�H): 
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The Rayleigh number is the ratio between convection-driving forces over dissipative forces. In a 
porous medium filled with air (here, a porous insulation material), the Rayleigh number is written 
as follows: 
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With �C���>�• ���•�?�6�? the acceleration due to the Earth’s gravity near its surface, �Ú𝑎𝑎���>�� �?�5�? the thermal 
expansion coefficient of air, �é𝑎𝑎���>�•�‰���• �?�7�? the density of air, �?�ã𝑎𝑎

���>�
���•�‰�?�5�� �?�5�? the isobaric specific 
heat capacity of air, and �å𝑎𝑎���>�• �6�•�?�5�? the kinematic viscosity of air, �Ü𝑖𝑖���>�• �? the thickness of the 
insulation layer, �-𝑖𝑖���>�• �6�? the effective air permeability of the insulation layer, �ã𝑖𝑖���>�� ���• �?�6�� �?�5�? the 
thermal conductivity of the insulation layer, and �� �à𝑖𝑖���>�- �? the temperature difference across the 
insulation layer. 
 
The total heat transfer is measured using a full-scale Large Guarded Hot Box setup (LGHB) under 
realistic attic conditions (joists, heated from below, open top). The tested insulation layers have a 
horizontal cross-section of 453 x 360 cm, and a thickness ranging from 20 cm to 60 cm (see 
Figure 2). The joists have a vertical cross-section of 4.3 x 9.5 cm, and are spaced 85 cm apart. The 
guarded zone of the LGHB is ventilated and maintained at the same temperature as the metering 
zone. The walls of the guarded zone are insulated with 23 cm of insulation. 
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different boundary condition cases) were collected and analyzed to compute Nusselt numbers 
across Rayleigh numbers ranging from 0 to 37. This work aims to provide well-documented, 
reproducible results to improve the understanding of INC in porous insulation materials under 
realistic conditions. 
 
������ �0�H�W�K�R�G�R�O�R�J�\��
 
The goal of this study is to identify the critical Rayleigh number at which INC occurs in a horizontal 
porous layer of blown glass wool insulation with joists, heated from below, and with an open top 
(insulated attic configuration). The onset of INC is determined on the graph that shows the modified 
Nusselt number (Nu+1) against the Rayleigh number (Ra), marked by the point where Nu+1 begins 
to increase continuously as Ra increases (see increasing Nu+1 ramp in Figure 1). 
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Nu+1 is calculated as the ratio of total heat transfer (�Ë�W�R�W�D�O), including potential INC, to ”conductive-
only” heat transfer without INC (�Ë�F�R�Q�G�X�F�W�L�Y�H): 
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The Rayleigh number is the ratio between convection-driving forces over dissipative forces. In a 
porous medium filled with air (here, a porous insulation material), the Rayleigh number is written 
as follows: 
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With �C���>�•���•�?�6�? the acceleration due to the Earth’s gravity near its surface, �Ú𝑎𝑎���>���?�5�? the thermal 
expansion coefficient of air, �é𝑎𝑎���>�•�‰���•�?�7�? the density of air, �?�ã𝑎𝑎

���>�
���•�‰�?�5�� �?�5�? the isobaric specific 
heat capacity of air, and �å𝑎𝑎���>�•�6�•�?�5�? the kinematic viscosity of air, �Ü𝑖𝑖���>�•�? the thickness of the 
insulation layer, �-𝑖𝑖���>�•�6�? the effective air permeability of the insulation layer, �ã𝑖𝑖���>�����•�?�6�� �?�5�? the 
thermal conductivity of the insulation layer, and �� �à𝑖𝑖���>�-�? the temperature difference across the 
insulation layer. 
 
The total heat transfer is measured using a full-scale Large Guarded Hot Box setup (LGHB) under 
realistic attic conditions (joists, heated from below, open top). The tested insulation layers have a 
horizontal cross-section of 453 x 360 cm, and a thickness ranging from 20 cm to 60 cm (see 
Figure 2). The joists have a vertical cross-section of 4.3 x 9.5 cm, and are spaced 85 cm apart. The 
guarded zone of the LGHB is ventilated and maintained at the same temperature as the metering 
zone. The walls of the guarded zone are insulated with 23 cm of insulation. 
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different boundary condition cases) were collected and analyzed to compute Nusselt numbers 
across Rayleigh numbers ranging from 0 to 37. This work aims to provide well-documented, 
reproducible results to improve the understanding of INC in porous insulation materials under 
realistic conditions. 
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The goal of this study is to identify the critical Rayleigh number at which INC occurs in a horizontal 
porous layer of blown glass wool insulation with joists, heated from below, and with an open top 
(insulated attic configuration). The onset of INC is determined on the graph that shows the modified 
Nusselt number (Nu+1) against the Rayleigh number (Ra), marked by the point where Nu+1 begins 
to increase continuously as Ra increases (see increasing Nu+1 ramp in Figure 1). 
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