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Abstract 

Moisture buffering effect of building material is increasingly investigated subject under the 

topic of indoor air quality. Tightening building regulations are setting numerous of different 

variables regarding the indoor air quality.  

Relative humidity of the indoor air has great impact on perceived indoor air quality. Being 

able to use hygroscopic building materials that have ability to store moisture when relative 

humidity is high and release it when relative humidity gets lower can help to cut down the 

highest and lowest peak values of relative humidity of the indoor air. When the changes in 

relative humidity are decreased the indoor air quality is perceived better.  

Relative humidity of the indoor air also has a great impact of the healthiness of the indoor 

air. Now increasing amount of buildings, old and new, are suffering from severe indoor air 

quality problems, many of them moisture driven. These are often related to volatile organic 

compounds and other compound which gives different kind of symptoms and irritations to 

the inhabitants.  

Different kind of methods are now being used to stop the harmful compounds from entering 

the indoor air from their sources. One most used is epoxy capsulation which will 

permanently stop the movement of water vapour between the install surface and the indoor 

air.  

The aim of this study is to test whether functional cloth designed to stop different kind of 

harmful emissions at their source will affect to the wood material’s ability to adsorb and 

desorb moisture, e.g., still work as a moisture buffer after installed on the surface of 

hygroscopic material. Results showed that the product was hindering the moisture buffering 

performance with transversally cut test pieces but had an enhancing effect with tangentially 

cut test pieces. 
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Tiivistelmä 

Rakennusmateriaalien kyky sitoa ja luovuttaa kosteutta on yhä tutkitumpi aihe 

sisäympäristön tutkimuksen saralla. Alati tiukkenevat rakennusmääräykset asettavat 

useita vaatimuksia sisäilman laadulle. 

Sisäilman suhteellisella kosteudella on todettu olevan merkittävä vaikutus koettuun 

sisäilmanlaatuun. Käytettäessä rakennusmateriaaleja, jotka kykenevät sitomaan 

kosteutta, kun sisäilman suhteellinen kosteus on suuri ja vastavuoroisesti luovuttamaan 

kosteutta, kun sisäilman suhteellinen kosteus laskee, saadaan kosteusvaihteluiden 

ääripäitä tasattua. Pienemmästä suhteellisen kosteuden vaihtelusta johtuen koettu 

sisäilmanlaatu pysyy hyväksyttävämmällä tasolla. 

Sisäilman kosteudella on myös suuri vaikutus sisäilman terveellisyyteen. Useiden, niin 

uusien kuin vanhojenkin rakennusten kärsiessä sisäilmaongelmista on eräs useimmista 

syistä liiallinen kosteus rakenteissa. Tämä taas voi johtaa esimerkiksi haihtuvien 

orgaanisten- sekä muiden tilan käyttäjille haitallisten yhdisteiden muodostumiseen jotka 

aiheuttavat mitä moninaisimpia oireita ja ärsytysreaktioita tilan käyttäjissä. 

Näiden yhdisteiden estämiseksi rakennusmateriaalin pinnalta sisäilmaan on käytössä 

erilaisia tiivistyskorjausmenetelmiä. Yksi tavallisimmista tiivistystavoista on epoksikäsittely, 

nk. kapselointi, joka estää myös vesihöyryjen kulun lävitseen. 

Tämän työn tarkoituksena on tutkia, antaako erilaisten haitallisten emissoiden sitomiseksi 

ja pysäyttämiseksi kehitetyn toiminnallisen kalvon käyttö puun pinnalla yhä 

mahdollisuuden puulle toimia kosteutta tasaavina materiaaleina. Havaittiin että kalvo 

hidasti puun kykyä sitoa kosteutta syitä vasten leikatulla pinnalla mutta toisaalta lisäsi 

kosteudensitomiskapasiteettia tangentin suuntaisesti leikatulla pinnalla. 
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1. Introduction  

In Finland and generally in developed countries people spend nowadays 90 

% of the time indoors. This has brought discussion around the topic of sick 

building syndrome and especially the indoor environmental quality in the 

buildings where we live, study and work. (Hengitysliitto, 2011) 

Formerly we were taught that the only source of pollutants in the indoor air 

came from the occupants themselves. The idea for ventilation was to dilute 

the pollutants from occupants to the surrounding air by adding enough flow 

of outdoor air into the space so that the air is felt acceptable. (Fang et al. 

1998) 

Nowadays there are many rules and recommendations regulating the indoor 

air quality in buildings. Qualities such as temperature, ventilation rate, 

relative humidity and possible pollutants and other artefacts of the indoor air 

are taken into consideration while constructing new building or renovating 

old one. These factors mentioned above should be within recommended 

limits for the air to be safe and easy to breathe. (Hengitysliitto, 2011) 

According to Young et al. (2015), one of the key parameters influencing the 

perceived indoor air quality is the relative humidity of the indoor air. 

Lstiburek (2002) adds that widely accepted range of indoor air relative 

humidity level should be between 25 % – 60 %. Being too low or too high 

increases the risk of health or structural issues among occupants and the 

building itself.  

According to Seppänen et al., (2009) changes and challenges regarding to 

relative humidity of the indoor air are emphasized in regions where heating 

is needed. During heating season, the outdoor air is typically colder and 

drier than during the warm season.  

Challenging climatic situation can be described by example where outside 

air temperature is below freezing point. When the outside temperature is      
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– 8 °C the absolute amount of moisture is 2 g / kg of air corresponding RH 

100 %. When this air is taken to normal 20 °C room temperature, it means 

drop of relative humidity to value low as 15 %.  

Figure 1 presents relations between air temperature, absolute humidity 

(water in grams per kilogram of dry air) and relative humidity in the air. 

 

Figure 1. Temperature's relation to relative humidity of the air. (Simonson et 
al., 2001) 
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At the same time the structures if Finland and in other developed countries 

are going towards tighter u-values in terms of energy savings. This means 

that the structures are more air tight and less open to free water vapour 

transfer in the structure by diffusion. Which might lead to moisture problems 

if not done correctly. (Rantanen, 2013) 

This means that even greater attention should be given towards the indoor 

air quality of the new buildings. EU EPBD (Energy Performance of Buildings 

Directive) states that at the end of year 2018 all commercial buildings need 

to be near zero energy buildings. At the end of year 2020 all new buildings, 

including private ones should be near zero energy houses. (EU, 2010) 

According to Zhang et al., (2011) One way of decreasing the variation of the 

relative humidity of the indoor air is to use hygroscopic building materials. 

Hygroscopic building materials can take in moisture from Indoor air when 

the air is moister and release it back to air when the air is drier. This ability 

of the material is called moisture buffering capacity. For each material there 

is a unique moisture buffering capacity. Using moisture buffering capable 

building materials can help to keep the indoor air relative humidity at more 

acceptable and stable level.  

Buildings may also suffer from indoor air contaminants which may originate 

from building materials. Growth of contaminants needs specific 

circumstances which are most often moisture and temperature related. One 

of the methods of fixing the issue with contaminated building materials is to 

use air and vapour impermeable products such as epoxy resin to seal the 

contaminants at their source. This application, if installed on top of 

hygroscopic material will destroy its ability to work as a moisture buffering 

material. (Paajanen, 2012) 

A new repair method has been researched at university of Lund Sweden 

since 2009. Its aim was to stop the harmful emissions at their source still 

being open to water vapour. Result of this functional cloth was product 
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called cTrap (chemical trap). (Markowicz et al., 2012; Markowicz et al., 

2014)  

1.1 The functional cloth 

cTrap is 1,9 mm thick cloth consisting four individual layers, outer protective 

layer, polymer layer, adsorption layer and inner protective layer, attached to 

each other. The idea for the product rise from the urge to develop safe and 

non-allergic to use product that could bind and stop harmful surface 

emissions at their source. Research done at university of Lund in Sweden 

were trying to make an active carbon layer that could be installed to any 

surface with paint roller. The objective was found to be too difficult and the 

product developed to be a cloth with multiple layers. cTrap cloth is 

presented in figure 2. 

 

Figure 2. Piece of cTrap cloth with layers opened. From top: Outer protective 

layer, polymer layer, adsorption layer and inner protective layer. 

(Insinööritoimisto Sulin Oy) 
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The product is installed on the surface leaving the outer protective layer 

visible. Adsorption layer (activated carbon) is designed to bind the harmful 

emissions at their source and air tight polymer layer securing the 

installation. All the layers of the product are designed to be open to water 

vapour so possible moisture from the install surface can pass through the 

product. 

cTrap is not meant to be the finishing material so free transfer of moisture 

is highly dependent on the surface material installed on top of the product. 

(cTrap Ab) Example of install is shown in figure 3. 

 

Figure 3. Example of cTrap floor installation from carpenter class of school 
object. cTrap is installed on top of old flooring and covered with new film 
plywood flooring. (Insinööritoimisto Sulin Oy) 

1.2 Objective 

The objective was to test the surface emission trap (cTrap)’s influence on 

moisture buffering capacity of the pine test pieces’ ability to take in and 

release moisture. This is done by installing surface emission trap on wooden 

test pieces and measuring the weight change during wet and dry cycles in 
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moisture chamber. Results are than compared to reference samples without 

the surface emission trap. 

This would give practical information whether the product used on stopping 

unwanted surface emissions entering from the surface to the indoor air, 

could be used on hygroscopic building materials without compromising the 

moisture buffering capacity of the hygroscopic building material. 

1.3 Structure 

The structure of the thesis is divided in two parts: the literature review and 

the experimental part. First the literature review comprising of chapters 2, 3 

and 4 concerns the importance of relative humidity of the indoor air, 

moisture buffering and their effect on indoor air humidity and other benefits 

using moisture buffering materials. This is followed by the materials and 

methods section in chapter 5 where surface emission trap is installed on top 

of test pieces out of pine and tested how the product affects to the moisture 

buffering capacity of the test pieces. The results of the test and discussion 

are presented in chapter 6. Conclusion of the work is in chapter 7. 
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2. Importance of relative humidity of indoor air 

2.1 What is relative humidity? 

As presented in figure 1, the relative humidity of the indoor air depends on 

the temperature of the air. Generally, when its colder the air is drier and 

when it is warmer the air is moister. This is due to air’s capability to bind 

water dependency on the air temperature. Warm air can contain absolutely 

more water than cold in the same pressure. The amount of moisture in the 

air is described by relative humidity.  (Straube, 2006) 

Relative humidity RH indicates the percentage amount of water vapour 

currently in the air compared to the maximum amount of water vapour, RH 

100 % the air can hold in same temperature and pressure. (Bluyssen, 2009) 

Generally, in Finland the relative humidity of the outside air is usually 

between 60-90 % but the relative humidity of the air insides might get as low 

as 10-20 % (Merikallio, 2002). 

 

2.2 Impact of RH on building and human health 

 

2.2.1 Healthy levels of relative humidity 

Relative humidity of the indoor air has important meaning from the 

occupant’s and from the building’s health point of view.  

Maintaining indoor air relative humidity constantly between 25 % – 60 % will 

help to minimize the harmful health effects of the indoor air such as 

microbes and other airborne travelling harmful organisms like bacteria and 

viruses. 

Some variation can be found from the literature to preferred limits for the 

indoor air RH but generally RH 25 % is considered as the lowest and the 

RH 60 % the highest healthy value. (Arundel et al., 1986; Lstiburek, 2002)  
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Keeping relative humidity above 25 % helps to prevent respiratory and eye 

issues and below 60 % prevents mold growth on surfaces. WHO report 

shows that time in Finland during heating seasons the average RH of indoor 

air was only 26 %. (Afshari et al., 2007; Simonson et al., 2001) 

Many studies show that relative humidity of 40 % is better for eyes and 

upper airways than relative humidity below 30 %. Still there are many 

variables affecting the results of the studies and no clear limits of specific 

values can be given. (Wolkoff, 2007; Derby et al., 2017) 

According to Sato, (2003) employees working at ultra-low humidities (RH 

near zero) needed in often in sophisticated industry facilities reported to 

have significant amount of atopic dermatitis, eye issue complaints and other 

skin symptoms than reference group not worked in ultra-low humidities. 

Too high relative humidity is reported to increase the abundance of two 

major allergens, mites and fungi. The amount of these two increases 

proportionately when relative humidity of the indoor air increases. This might 

increase the risk of asthma. Also, humidifiers that are used to increase the 

indoor air relative moisture might spread up different fungi and bacteria. 

Risk of unwanted aerosols are also increased by higher humidity. 

(Lstiburek, 2002) 

The effect of humidity on several health and IAQ parameters is presented 

on figure 4. 
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Figure 4. The effect of humidity on several health and IAQ parameters 
showing favourable range of indoor air humidity is between 30 % RH and 
55 % RH. (Simonson et al., 2001) 

 

 

2.2.2 Risk of mold growth 

Controlling the relative humidity indoors is also important from the point of 

condensation and possible mould growth. For example, if room temperature 

is 21 °C degrees and RH 40 % the condensation (RH over 100 %) will occur 

on surface colder than 7 °C degrees. Mold growth can occur, when relative 

humidity of the surface exceeds 70 %. In the example case, where room’s 

air temperature is 21°C, possible mold growth can occur on surface which 

temperature is around 12°C or lower. On the other hand, mold will not easily 

grow in temperatures around and below 7 °C but can easily grow when 

surface temperature is 12 °C and above. 
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In heating climates as in Finland, the mold growth is more likely to happen 

during the heating season when outside temperatures are low. At these 

circumstances there is a risk where the structures of the building may not 

be properly insulated, and cold bridges may occur. This will bring partially 

very cold surface temperatures inside the building and the risk of water 

condensation on surfaces is very high. The risk of condensation is also 

present when air is cooled too much by air conditioning when the relative 

humidity of the air gets over 100 %. (Kumaran, 1994) 

If we want to artificially increase the relative humidity of the indoor air during 

the heating season we must consider the possibility of condensation on 

colder surfaces, like on windows. (Lstiburek, 2002) 

The presence of mold is not only an aesthetical problem. According to 

Koskinen (2009) Mold growth in strongly correlated to different type of 

health issues. It is a higher probability to have common cold, blocked nose 

and cough when exposed to mold. 

2.2.3 Relative humidity and CO2 emissions  

In research done in Serbia by Lazović et al., (2009) is show that there is a 

strong correlation between the CO2 value and the relative humidity of the 

indoor air. Study was done in four different schools. The classrooms studied 

were ventilated naturally. Measurements of CO2 values and relative 

humidity can be seen in figure 3. The reason for the correlation might 

indicate that the cause of the changes in relative humidity and in the CO2, 

comes from the same source, so it is unsure whether the harmful CO2 levels 

would be decreased if the relative humidity would decrease. Increased 

ventilation rate would lead to lower CO2 values and would also decrease 

the relative humidity. 
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Figure 2. Values of relative humidity and CO2 in one classroom during 
occupied time. (Lazović et al., 2009) 

2.2.4 Perceived air quality and thermal comfort 

According to Vellei (2017), one definition for thermal control is following: 

“Thermal control is that condition of mind that expresses satisfaction with 

the thermal environment and is assessed by subjective evaluation”. 

Frontczak et.al (2011) states that thermal Comfort is one of the most 

important factors when studying occupant’s well-being and productivity. 

According to Fang et al., (1998) indoor air temperature and relative humidity 

has a significant impact on how the air is perceived by the occupants. Air is 

felt more disagreeable when the temperature and humidity is increased 

although temperature and humidity was not found to have straight influence 

on perception of odour intensity of the air. Experimental pollutants had less 

effect to perceived indoor air quality when the moisture and humidity levels 

were increased.  

Relative humidity is one of the key parameters when analysing the thermal 

comfort of the building. Research were done in office building where air 

temperature and relative humidity were changed, and weekly questionnaire 

made to the workers about indoor air quality. At temperature of 20 °C and 
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the relative humidity raised from 12-20 % to 28 – 39 % there were less 

complaints about air being too cold. At a temperature of 24 °C the same 

increase in relative humidity resulted more answers the air being too warm. 

(Palonen et al., 1993) 

According to Kurnizki et al. (2007), normally variation in indoor air’s relative 

humidity is changing with diurnal pattern. In simulations done in cold 

climates were found that daily variation at summer time was decreased to 

about one-third when using permeable and hygroscopic materials 

compared to simulation done with none permeable materials. 

Tests made in bedrooms in four different countries used wooden 

constructions as hygroscopic material to store and release moisture showed 

up 25 % more people being satisfied about perceived air quality than in 

reference without materials capable of storing and releasing moisture. 

Biggest differences were measured at the end of the occupation time 

(mornings) and at summer times when air is generally moister. (Simonson, 

2002) 

The importance of the relative humidity or the indoor air has increased the 

amount of research done on topic how we could use hygroscopic building 

materials that can take in and release moisture and hence damp the 

changes and cut away the lowest and highest peak values in relative 

humidity of the indoor air. This ability of the material to store and release 

moisture is called moisture buffering capacity. 
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3. Moisture buffering 

3.1 What is moisture buffering? 

Moisture buffering means the ability of hygroscopic material to take in 

moisture on to its surface and into its internal pore structure from the air, 

and release it back when the air gets drier. This can be considered as 

“passive” or nonmechanical way of moderating the indoor air humidity level. 

(Rode et al., 2008) 

Research show that amount and material type of furniture and building 

materials does have an impact to buildings ability to buffer moisture. In test 

house where there were more building materials and furniture the capacity 

to absorb moisture were higher than in test house that had less these 

materials. (Woods, 2016) 

The material that has this ability is called hygroscopic and the phenomena 

of moisture transfer in and out of the material is called sorption. 

3.2 Sorption 

Karoglou (2005), explains that sorption can be divided to adsorption and 

desorption. Adsorption means that material is taking in moisture out of the 

air at times of higher relative humidity than the relative humidity of the 

material.  Desorption respectively means that material is releasing the 

moisture back to the indoor air at times relative humidity of the air is lower. 

With wood and many other hygroscopic material, the sorption is not 

following the same isotherm when moisture is entering and leaving the 

material. This phenomenon is called hysteresis. According to Kärkkäinen 

(2003) the equilibrium position depends from whether material is taking 

(adsorption) or releasing (desorption) moisture. Differences between 

adsorption and desorption curve of Scots pine sapwood sample can be 

seen in Figure 6. 



  

 

14 
 

 

Figure 3. Example of sorption isotherms of Scots pine sapwood sample. 
(Laine, 2014) 

3.3 Why some materials can act as moisture buffer? 

As presented previously, the relative humidity of the indoor air has a great 

influence on the perceived indoor air quality, healthiness of the indoor air 

and the wellbeing of the building and the materials inside the building itself. 

By using building materials that can work as a moisture buffer can enhance 

the quality of the indoor air. 

According to Straube (2006) the ability of material to work as a moisture 

buffer is linked to the properties of the water molecule. Moisture can be 

defined as a single water molecule. Having unbalanced distribution of 

positive and negative charges means that polar water molecule will behave 

like a magnet. The Hydrogen end of the molecule will always stay positive 

and the oxygen end is permanently negative.  
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This described nature of the water molecule makes it to bond easily with 

another water molecules by interaction with one molecules hydrogen 

attracting the oxygen of the other. This phenomenon will cause water 

molecules to group together. That is why water at liquid state tend to exist 

in large clusters. As the cluster will gain more energy it will break up into 

smaller clusters. When liquid water receives enough energy trough heating, 

the water is evaporated, and water molecules are separated from each 

other.  

To make a difference between liquid water and moisture it is the size of the 

particle that matters when we are talking about moisture buffering effect of 

the material in normal indoor air conditions. Different moisture states and 

phase change processes of water are presented in figure 5. (Straube, 2006) 

There are numerous material specific properties that affect to materials 

ability to take in and release moisture. Vapor surface resistant factor, 

diffusivity, moisture capacity and sorption isotherm will all have their effect 

on materials moisture buffering capacity. (Young et al., 2015) 

According to Zhang et al., (2016) using the hygroscopic materials will be 

most beneficial when the air change rate is relatively low. When the air is 

moving faster around the material it will interfere the ability of the material 

to take in moisture from the air.  
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Figure 4. Moisture States and Phase Change Processes (Straube, 2006) 

3.4 Building materials as moisture buffer 

According to Rode, et al., (2006) many building materials attracts water 

molecule in both the vapor and liquid state. Materials which surfaces are 

trying to capture water molecule on them are called hygroscopic. For 

example, wood, concrete, brick, and gypsum board can be considered as 

hygroscopic materials. All the hygroscopic materials work in the same way, 

but there is a big material dependent difference on how much moisture can 

be adsorbed at certain levels of relative humidity of the surrounding air. 

Sorption isotherms of common building materials are shown in figure 8. 

This phenomenon explained above is called adsorption. The amount of 

moisture transfer to material is depended on material characteristics of the 

building material. Some materials have greater affinity towards water and 

some are less attracted to water. However, water can enter material in two 

different ways. Either as in liquid state, or in vapor state.  Liquid water is 
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transferred into the material by capillaries, small tubes that exists in porous 

materials. Capillary water intrusion however, is one of the main reasons for 

moisture problems in buildings and can have negative effect on buildings 

thermal insulation ability which leads to poorer energy economy of the 

structure. (Pirinen, 2006; Oliver, 1997) 

As mentioned above, different materials have different kind of abilities to 

adsorb water. According to Trechsel et al., (2009) cellulose fibre insulation 

can adsorb 0,096 kg of water / kg of material where same amount of low-

density glass fibre insulation can take only 0,0034 kg of water.  

The ability of the material to intake moisture is dependent on its pore 

structure. As the area of hygroscopic material stays the same, it is the 

surface area of the pores of the material that makes the difference between 

how much water can be adsorbed.  

For example, one gram of silica gel, commonly used to remove moisture out 

of boxes that include clothing and other material, can have surface area 

over 500 m2. The pore structure of the material will make it possible for a 

material to work as a moisture buffer. (Trechsel et al., 2009) 
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Figure 5. Sorption Isotherms for Many Building Materials. (Straube, 2006) 

 

According to Straube (2006) Porous material cannot fully be wetted only by 

adsorbing moisture from air. Figure 9. Explains different regimes of moisture 

storage in porous material. At first stages pores will be filled up from the 

moist indoor air, then to raise the relative humidity of the material over 

hygroscopic regime some free water entering material trough capillaries is 

needed. To get the material to saturated state it is needed to fill up all the 
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pores and empty spaces with water. This usually means immersing the 

material into water.  

 

 

   

 

Figure 9. Regimes of Moisture Storage in a Hygroscopic Porous Material. 
(Straube, 2006) 
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3.5 Effect of surface coatings 

Although the building material itself would be moisture buffering capable, 

different kind of surface coatings can have a great impact on materials 

performance to act as a moisture buffer. Different kind of paints, varnishes, 

waxes, and wallpapers might stop the moisture transfer from indoor air to 

the material and hence destroy the moisture buffering capacity of the 

material. (Kokko, 2004). 

However, there are surface coating products that lets water vapour pass 

almost freely through the coating still providing protection for the surface of 

the material itself. For example, mineral silicate paints are diffusion open 

products that will not block the buffering effect of the material underneath. 

(Kaila, 2008) 

There have been also experimental results where after installing only wax 

particles, not the whole film of wax, on wood surface have not only given 

the protection against water as in liquid form but also enhanced the 

materials ability to act as a moisture buffer. This is due to enlarged surface 

area of the test pieces. (Lozhechnikova et al., 2015) 

3.6 Measuring moisture buffering capacity 

According to Rode et al., (2006) there are different ways of describing 

materials ability to act as a moisture buffer. One type of quantity is the 

practical Moisture Buffer Value. (MBVpractical). MBVpractical demonstrates the 

amount of water transported in or out of a material per surface area in 

certain period of time. The unit for MBVpractical is kg / (m2 ⋅ % RH). MBVpractical 

can be used as a value to compare different materials ability to store and 

release moisture.  

MBV test based on NORDTEST project is tested in climate chamber where 

tested specimen is suspected to 8 hours wet cycle of RH 75 % and then 16 

hours dry cycle of RH 33 %. This corresponds the diurnal moisture cycle in 
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many rooms and is practical scheme to setup if cycle changes in climatic 

chamber is needed to be made by hand. (Rode et al., 2006) 

Different Moisture buffer values can be seen in Figure 10. From the figures 

can be seen that wood based materials have the biggest MBV, so they have 

the greatest ability to store and release moisture. 

Comparing the results from figure 10 to classification of MBV values on 

figure 11, can be seen that not a single material can be categorized to class 

excellent and only few can be categorized to class good. 

According to McGregor (2014), there is variation in physical properties of 

the building materials which influence greatly to materials moisture buffering 

value. Tests done with unfired clay masonry test pieces showed MBV 

values from 1.13 to 3.73 g / m2⋅% RH. Simpson (2009) states that also wood 

as a natural product has variation in physical properties even with samples 

taken from the same board. 

 

 

Figure 10. Moisture buffer values for different hygroscopic building 
materials. (Rode C, et al. 2006) 
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Figure 11. Classification of Moisture Buffering Values from negligible to 
excellent. (Rode et al. 2006) 

3.7 Wood as a moisture buffering material 

As described earlier, every building material has its own characteristics by 

how it is performing as a hygroscopic material. Wood due to its cell wall 

structure has its own limitations on how it can adsorb and desorb moisture 

out of the air.  

Wood’s ability to adsorb water vapour from the air stops around 25 – 30 % 

moisture content when relative humidity is 98 %. After this, only interact with 

liquid water can increase the moisture content of the wood. This point of 

relative humidity is called fibre saturation point, FSP. FSP means that in that 

state the cell walls of wood are filled with water but there is no free water in 

empty cell cavities. Figure 12 presents different situations around fibre 

saturation point in wood cell. 
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Figure 12. Wood cell’s moisture behaviour. A) cell cavities filled partially with 
water. MC over FSP. B) Cell cavities empty but cell walls filled with water. 
MC = FSP C) Cell cavities start to lose water = shrinking. MC < FSP D) Cell 
wall losing more water and wood starts to shrink. MC << FSP. (Puuinfo, 
2011) 

Fibre saturation point FSP is an important factor in wood building as in 

humidity under FSP, wood’s mechanical and physical properties such as 

dimensions do change. Most common phenomenon is the shrinking of 



  

 

24 
 

wooden floor at winter times when the relative humidity of the indoor air is 

very low. 

When relative humidity is at FSP or above, the physical and mechanical 

properties won’t change as the water is only filling the empty cell cavities, 

the empty spaces inside wood cells. (Kärkkäinen, 2003) 

3.8 Factors influencing the moisture buffering capacity 

As Described above, every material has its own characteristics relating to 

its moisture buffering capacity. However not only the properties of the 

material itself can influence the moisture buffering capacity when we look 

the situation at scale of the room where material is installed. 

According to Li et al., (2012) there are many factors at room scale such as 

ventilation rate, indoor humidity and temperature and the initial conditions 

of the indoor air affecting to the results when measuring materials moisture 

buffering capacity. 

Figures 13 and 14 present the effect of wood panelling to work as a moisture 

buffering material. The tests consist 8 hours of evaporating moisture at the 

test chamber at rate of 42 g / h. Figure 13 shows that in ventilated space 

the moisture will be desorbed from the surface of the wood panelling in a 

way that it is nearing the initial state after 30 hours. (Li et al., 2012). 

Figure 14 presents situation where test chamber is not ventilated. Clear 

difference can be seen at the ratio of adsorption compared to the ventilated 

space. Where test with ventilation on, approximately 50 % of the adsorbed 

moisture has been desorbed in 16 hours, respectively in unventilated space 

the desorbed amount of water at the same time is only around 20 %. (Li et 

al., 2012) 
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Figure 13. Describes moisture adsorbed by wood panelling in ventilated test 
chamber with different ventilation and moisture generation rates. (Li et al., 
2012) 

 

  

Figure 14. Describes moisture adsorbed by wood panelling in unventilated 
test chamber with different ventilation and moisture generation rates. (Li et 
al., 2012) 
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Research shows that room factors can have up to 8 % variation in relative 

humidity levels of the test room. Wood panelling can help to moderate these 

variations in relative humidity up to 30 %. (Li et al., 2012) 

Similar results were obtained when moisture buffering capacity of uncoated 

gypsum board were tested with ventilation at low rate and with higher 

ventilation rates. When the ventilation rate was 0,5 ACH (air changes per 

hour) the maximum accumulated moisture buffering value of the material 

was 226 g. When the ventilation rate was increased to level 1,5 ACH, the 

maximum accumulated moisture buffering value dropped to only 114 g. Air 

change rate has also impact on the overall relative humidity of the building. 

When ventilation in increased, the relative humidity decreases respectively. 

(Yang et al., 2012)  

3.9 Moisture sources 

As important it is to understand the moisture behaviour of materials it is 

crucial to understand what are the sources for the moisture in normal 

residential building. Different factors affecting to the humidity of the room is 

ventilation rates, dimensions of the room, moisture sources from inside such 

as drying laundry, cooking, shower. Relative humidity of the intake air and 

the possible hygroscopic materials inside the room adsorbing or adsorbing 

moisture. All the factors above except the dimensions of the space have 

tendency to change diurnally, for example occupying the bedroom at night 

times. (Kokko, 2004)  

3.10 Penetration depth 

Moisture transfer between air and moisture buffering material happens at 

on the surface of the material. Generally, moisture goes from the moister 

side of the surface to the drier side by diffusion. Moisture buffering materials 

have different material properties and hence the penetration depth of the 

moisture inside buffering material varies. Investigating insulating material 
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hemp concrete was found that on diurnal changes moisture were estimated 

penetrate 5,8 cm into material. (Collet, 2012)  

Being able to act as effectively as possible, moisture buffering material must 

be at least as thick as moisture penetration depth at given circumstances. 

Being too narrow the buffering material cannot use its full moisture buffering 

capacity.  

Wan et al., (2017) calculated theoretical moisture penetration depths in 

certain times. 24 h penetration depths for certain hygroscopic materials can 

be found from Table 1  

Class Material 24 h penetration depth (mm) 

Concrete aerated concrete 30,9 

 cellular concrete 17,3 

 concrete 3,7 

wood Spruce 14,6 

 Balsa 17,3 

Wood board Fibre board 29,7 

Plasterboard mineral plaster 13,8 

 Gypsum plaster 64,0 

 Gypsum board 32,0 

Brick Brick 50,2 

Table 1. Theoretical moisture penetration depths in 24 hours for certain 

hygroscopic materials. (Wan et al., 2017) 

According to the numerical model by Ojanen & Salonvaara (2004) only 1-2 

mm of wood surface is actively buffering moisture. In addition, the moisture 

transfer inside the wood is relatively slow, and the moisture also equilibrates 

within the wood. 
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4. Other applications of moisture buffering 

4.1 Energy savings 

According to Olalekan et al. (2006), being able to use moisture buffering 

building materials will not only help to keep the indoor air relative humidity 

more stable but will also help to reduce the amount of energy used to heat 

the building (up to 5 % save in energy) and to cool the building (up to 30 % 

save in energy)  

This is very important because in research presented 2015 buildings were 

globally estimated to use 40 % of overall energy, corresponding to 30 % of 

all CO2 emissions. (Nejat et al., 2015) 

While low energy consumption is nowadays more and more critical, and we 

are moving towards zero energy housings moisture buffering can be one 

method reducing the energy needs of the building.  

According to Zhang et al., (2017) there is a correlation between energy 

savings and the Moisture Buffering Value of used buffering material as well 

as amount of material used. The larger the area of the buffering material 

and the better its MBV is, the greater are the energy savings. Figure 15 

explains this phenomenon. 
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Figure 15. Energy savings ratio to different building materials with different 
areas. The greater the surface area and the better the moisture buffering 
capacity of the material, the greater the savings in energy consumption. 
(Zhang et al., 2017) 

4.2 Relation of relative humidity to volatile organic 

compounds 

There is also research that shows that the amount of certain volatile organic 

compound will rise significantly when the relative humidity of the room level 

is raised from RH 21 – 22 % to moister level of RH 58 – 75 %. For example, 

very typical measured plastic carpet VOC 2-ethyl-hexanol emission rate 

was three times higher when the RH was higher. Also, Compound called 

Thricloroanisol emission rates were 10 times higher in RH 40 % than in RH 

85 % (Markowich et al., 2015) 

In research done by Haghighat (1996), TVOC emissions from varnish 

coating were significantly higher when relative humidity was raised from 3 

% to 32 % and again to 62 %. Using building materials that have moisture 

buffering capacity could help the relative humidity of indoor air stay more 

stable and thus help to improve the indoor air quality. 
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5. Materials and methods 

5.1 Test pieces 

Test pieces were cut from pine (Pinus sylvestris L.). Total of 20 test pieces 

were cut. The wood samples were cut such a way that the surface grain 

orientation was transverse and tangential 10 pieces of each. Different 

cutting orientations are presented in figure 15. Tangential surfaces were 

planed in terms of simulating the normal uncoated wood panelling. 

Transverse pieces were taken by assumption the moisture sorption trough 

that face is larger than from tangential surface and thus better evaluation 

can be done about the performance of the cTrap’s influence to moisture 

buffering capacity. 

 

Figure 16. The surface grain orientations of wood. (Wood Science, 2014) 
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The test pieces were taped with aluminium tape to only leave one active 

surface for the moisture buffering test. Average active surface area of 

transverse test pieces was ca.46cm2 and 90cm2 for the tangential pieces.  

cTrap was then installed on top of five transverse and five tangentially cut 

surfaces with aluminium tape. Test pieces can be seen in figure 17. 

 

Figure 17. Test pieces for moisture buffering tests. All but one test side is 
taped with aluminium tape. Half of the test samples were covered with 
cTrap. 

5.2 Test method 

Test pieces were weighed and taken to humidity room RH 50 % for four 

days before the actual testing started. The actual testing was done in 

humidity chamber manufactured by Rubarth apparate, where relative 

humidity was changed automatically in following cycles: 8 hours or “wet” 

time, RH 75 % followed by 16 hours of “dry” time RH 33 %. Temperature 

were constantly held at 25 °C The duration of the test was seven days. The 

specimens were weighed after every cycle. 

Moisture buffering of cTrap was evaluated by having sample of the product 

freely in the moisture samples with wooden test pieces. This sample was 

also weighed after each cycle. 



  

 

32 
 

6. Results & discussion 

As assumed, the moisture intake was greater with transversely cut pieces 

than with tangentially cut ones. The average weight change of transversely 

cut test pieces were 234 g / m2 and tangentially cut pieces showed mass 

change of 42 g / m2 cTrap product’s average mass change during cycles 

were 11 g / m2 so the product itself have also some effect to the total result. 

The obtained results of moisture intake between transverse and tangential 

cut are in line when compared to values obtained by Kortelainen (2015). In 

her test she used salt chambers with relative humidities of RH 32 % and RH 

80 %. After adsorption phase in chamber RH 80 % she got 30 % higher MC 

values with pine test pieces cut transversally than tangentially. This 

corresponds also to results from the oven dry test pieces, the difference 

between the moisture content values of transversally and tangentially cut 

pieces were slightly greater after adsorption phase. After drying phase, the 

results showed over 45 % increase in MC with transversally cut test pieces 

compared to the tangentially cut pieces. With all tested specimen the 

transversal cut adsorbed significantly more moisture than tangential cut. 

The effect of cTrap on top of transversely cut test pieces was clear. With 

cTrap on top the test pieces achieved average weight change of 78 g / m2 

between the cycles. The difference in mass change using cTrap with 

transversely cut surface was 156 g/m2 less with cTrap than test piece 

without cTrap. Mass change of the transversely cut pieces is shown in figure 

16 

The reason for the difference could be explained by the huge capacity of 

transversely cut piece to adsorb and desorb moisture in short period of time. 

Assumable this amount of moisture cannot penetrate cTrap in time period 

of 8 hours. If the cycle would have been longer maybe the results would 
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have been more even. The results graph of the transversely cut test pieces 

is show in figure 18.  

However, cTrap is not intended to be the final surface material so basically 

in real life situation the biggest effect to moisture buffering capacity in any 

specific space or surface where cTrap is installed is on the material that 

cTrap is covered with and possible surface coating such as paint layer on 

top of this material. 

From the results we can derive that cTrap allows moisture to transfer trough 

itself so in that way the product is usable in cases where the install 

substrate’s relative humidity changes or is constantly at higher level and 

needs to dry through the product.  

 

 

Figure 18. Results of mass change on transversely cut pieces. 

 

Tangentially cut pieces with cTrap showed average mass change of 45g / 

m2 This is 3 g / m2 more than without cTrap. As the moisture intake of 
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tangentially cut pieces is only 18 % compared to transversely cut pieces 

there was no negative effect of using cTrap. Most probably due to the 

cTrap’s own moisture buffering capacity the weight change of the test 

pieces was slightly higher than without cTrap. Mass change of the 

tangentially cut pieces is shown in figure 19. 

 

Figure 19. Results of mass change during daily cycle on tangentially cut test 

pieces. 

As transversely cut test pieces are not normally used as finishing material 

the results from the tangential cut test pieces show more practical 

information. As tangential cut with planing simulates normal wood panelling 

without any surface treatment we can assume that cTrap will not have 

significant effect on moisture buffering on normal wooden substrates. As 

results show it might even increase the moisture buffering capacity of the 

whole structure as it has its own capacity to buffer moisture. Similar results 
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of increased moisture buffering capacity by using different surface coatings 

are discussed in next chapter.  

6.1 Moisture buffering values 

Comparing the moisture buffering values presented in in figure 11 according 

to Rode et al.’s (2006) Classification of 8 hour’s cycles test pieces have 

following results of MBV calculated with formula below: 

𝑀𝐵𝑉 = ∆𝒎/(𝑺 ∗ 𝚫𝐑𝐇 @𝟖𝐡𝐫𝐬) 

where Dm (g) describes the amount of moisture absorbed/desorbed during 

a moisture cycle, S (m2) is the exposed surface area and D RH (%) is the 

variation in relative humidity during the eight-hour cycle. 

Transversally cut test pieces without cTrap sowed MBV of 5,5 which 

corresponds with excellent moisture buffering capacity, MBV >2.   

Transversely cut pieces with cTrap the 8-hour MBV value was 1,9 which is 

good performance. 

Tangentially cut pieces showed MBV values of 1,0 without cTrap and 1,2 

with cTrap which means moderate / good and good moisture buffering 

performance. 

Comparing to Hameury’s (2008) results with coated and uncoated piece of 

Scots pine the results obtained from tangentially cut pieces the results are 

quite similar, uncoated reference samples got MBV values of 1,36.  

Similar MBV values between 0,8 and 1 were obtained by Lozhechnikova 

(2015) from spruce test pieces cut tangentially and radially.  

Interestingly in Hamerury’s (2008) research only slight decrease on MBV 

value was shown with different coating products except acrylic latex painted 

test pieces that showed greater decrease of 46 - 60 % in moisture buffering 

capacity. With other products such as water borne alkali silicate coating 
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products the reduction on MBV was only 0 - 15 %. One alkali silicate based 

product even enhanced the MBV capacity by 6 %. 

Lozhechnikova (2015) Used non-continuous film of wax particles which 

increased the MBV from the uncoated values of 0,8 – 1 to values around 

1,1. The increases in MBV values with surface coatings are probably due to 

enlarged surface area. 

6.2 Using cTrap with other moisture buffering materials 

As presented in chapter 3 figure 8, wood boards and other wood based 

materials are most moisture buffering capable building materials. (Straube, 

2006)  

As test showed the transverse cut side of the wood is the most active when 

it comes to moisture buffering capacity, but it seldom is the finishing side of 

any furniture, cladding or other home scale installation. On the other hand, 

tangential cut pieces can be found usually from panelling on the roof and on 

the walls not to forget wooden flooring also. 

From this background we could interpret that cTrap would can retain the 

underlaying materials moisture transfer capacity and possible even improve 

the moisture buffering performance of the two together if held as a finishing 

material.  

In normal condition where installed on top of concrete (MBV <0,5) or 

gypsum boards (MBV < 0,7) which have clearly smaller moisture buffering 

values than wood products (MBV >1), there should not be any hindering in 

the moisture buffering performance of these materials in cases cTrap is 

installed on top of them.  

In normal life installations cTrap is practically always covered with some 

surface material and the most crucial thing retaining the designed moisture 

buffering effect in any space or surface is the chosen surface material and 

possible surface coating that is put on top of the covering material. 
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From these tests we can interpret that having cTrap installed on moisture 

buffering surface will still allow moisture to transfer through the product 

either towards the install surface or away from the install surface depending 

on the conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

38 
 

7. Conclusions 

cTrap’s effect on the properties of wood’s moisture buffering capacity was 

tested with pine test pieces cut in two different grain orientations. Objective 

of the thesis was achieved as reasonable results were obtained. 

As the product hindered the moisture buffering capacity of the transversally 

cut test pieces and increased the moisture buffering capacity of the 

tangentially cut test pieces during the eight-hour moist phase it would be 

interesting to test what would be the real limit of the moisture transfer the 

product allows per hour.  

In this test the temperature was constantly held at 25 °C but it would be 

interesting to see if there are any changes on how product works in colder 

or in warmer conditions. 

Assumable results with different building materials such as concrete of 

gypsum board that have lower MBV value than tangentially cut Scotch pine 

would show similar increase in MBV as with tangentially cut test pieces 

would still be worth proving. 

Earlier studies made by Markowicz et al. (2012 & 2014), shows that cTrap 

can effectively stop and bind harmful emissions form the surface it is 

installed. With data obtained from this test concludes that the product is 

open to water vapour to transfer trough the product. This means it is safe to 

install on surface where there is a need for moisture transfer back and forth 

the product or excess moisture that needs to be able to evaporate trough 

the product into air or into another material.  
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Appendix 1 

Weights of the test pieces 

TR = Transversly cut, CTR = Transversly cut + cTrap 

TA = Tangentially cut, CTA = Tangentially cut + cTrap 
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