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ABSTRACT 

The general objective of this master thesis is to investigate the use of foam concrete as 

an alternative interior insulation material without the use of a vapour barrier. The task is 

to develop a foam concrete recipe that leads to a product that is durable with relatively 

low thermal conductivity and a density about 100-150 kg/m
3
. The best suited foam con-

crete material will be compared with another silicate based insulation material (Ytong 

Multipor from Xella) which is already on the market.  

Full scale 1-dimensional steady state measurements are carried out with the use of spe-

cially designed cooling chambers with small purpose built 1.5 solid brick walls where 

the test materials can be applied. Different coats of different types of paint are applied to 

see whether using diffusion open or ordinary paint has any impact on the results.  

The effect of rain is not considered within this project. 

The temperature and relative humidity through the walls are compared with theoretical 

investigations.  

In order to get the best comparisons between the full scale experiment and the theoreti-

cal investigation all products used within the full scale experiment are investigated in a 

series of material properties experiments determining important thermal properties and 

moisture properties. 

 

Through the investigations it is seen it is possible to create a foam concrete insulation 

material that is manageable but fragile. When comparing the foam concrete product 

with the Multipor it is seen that though the products have different material properties 

they behave in a relatively similar way in both the full scale experiment and the theoret-

ical investigation. The effect of using diffusion open paint compared to the use of ordi-

nary paint seems to have no influence on the overall results.  
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RESUMÉ 

Det overordnede formål med dette speciale er at undersøge brugen af skumbeton som et 

alternativt indvendigt isoleringsmateriale uden brug af an dampspærre. Udfordringen 

består i at udvikle en skumbeton opskrift, der fører til et produkt som er holdbart og har 

en forholdsvis lav varmeledningsevne og densitet, der lægger på 100-150 kg /m3. Det 

bedst egnet skumbeton produkt vil blive sammenlignet med et andet silikatbaseret isole-

ringsmateriale (Ytong Multipor fra Xella), som allerede findes på markedet. 

1-dimensionale, fuld skala steady-state målinger vil blive udført ved brug af specielt 

designede kølekamre med små halvandenstensvægge af mursten, hvor isoleringsmateri-

alerne kan testes. Forskellige lag, af forskellige typer af maling påføres for at se, om 

hvorvidt diffusionsåben eller almindelig maling har nogen indflydelse på resultaterne. 

Påvirkningen fra regn undersøges ikke i dette projekt. 

Temperaturen og den relative fugtighed gennem murstensvæggen sammenlignes med 

teoretiske undersøgelser. 

For at få de bedste sammenligninger mellem fuld skala eksperiment og den teoretiske 

undersøgelse, undersøges alle produkter der indgår i fuld skala eksperimentet. Materia-

lernes fugt -og varmetekniske egenskaber bestemmes ved relevante forsøg.  

 

Gennem undersøgelserne ses det, at det muligt at skabe et skumbeton produkt, der kan 

anvendes som isoleringsmateriale. Produktet er håndterbart, men skrøbeligt. Når skum-

beton produktet sammenlignes med Multipor’en ses det, at selv om produkterne har 

forskellige materialeegenskaber opfører de sig relativt ens i både fuld skala eksperiment 

og i de teoretiske undersøgelser.  

Anvendelse af diffusionsåben maling i forhold til brugen af almindelig maling synes 

ikke at have nogen indflydelse på de overordnede resultater. 
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INTRODUCTION 

This project addresses the use of internal insulation solutions without the use of a va-

pour barrier. The focal point will be Danish multi-storey buildings with solid brick 

walls from the time period 1850-1930 where the use of external insulation is not an op-

tion. Walls of one and a half brick will be examined as these are assumed to be the most 

critical ones. 

In this report a commercial product will be compared with a self-developed recipe based 

on foam concrete (from this point on, referred to as Foam Concrete). A series of exper-

iments are carried out in order to compare the two different products.  

The investigations are based on practical experiments with the use of self-developed 

cooling chambers and theoretical/mathematical investigations with simulation carried 

out in the program Delphin. Thermal properties and moisture properties of relevant 

products are determined for use in the simulations. Necessary experiments are carried 

out. 

 

1.1 Hypothesis 

The use of vapour barriers is a risky way of constructing as these barriers are quite diffi-

cult to tighten properly and there is a risk that the vapour barrier could be punctured e.g. 

when shelves or other decorative features are mounted to the new inner wall. The va-

pour barrier is extremely hard to fit at interfaces with other construction parts resulting 

in potential areas of leaks. 

 

The hypothesis for this project is that the use of a construction without a vapour barrier 

with suitable insulation material is much more sturdy and safe as little caution is re-

quired. 

The idea is to use materials for internal insulation that allows moisture and vapour to 

pass through the entire construction instead of being blocked. This solution should re-

duce the risk of moisture accumulation within the construction hence preventing mould 

or fungus growth. The materials should therefore be as diffusion open as possible which 

also favours an improved thermal conductivity of the material.  

The hypothesis is with the use of diffusion open insulation materials the moisture con-

centration within the construction is unlikely to reach critically high levels that would 

result in mould or fungal growth.  
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The challenge with the foam concrete is to achieve a thermal conductivity as low as 

possible and still having a product that is manageable. The goal is to create a product 

that is similar to the commercial product Ytong Multipor form Xella (from this point on 

referred to as Multipor) in terms of thermal conductivity and being easy to handle. 

Different types of internal surface treatments of the internal insulation are used to check 

whether these may have an effect on the moisture content in the wall. The hypothesis is 

that paints that are diffusion open are unlikely to cause problems but paints that are 

more diffusion tight (ordinary paints) might cause more moisture to accumulate within 

the construction.  

 

1.2 Background 

According to goals set by the Danish government emission of greenhouse gases should 

be reduced with 34% and the gross energy by 7.6% before 2020 (Ministry of Climate, 

2012). 

A huge part of the residential energy consumption results from the heating of buildings.  

According to the Danish Energy Agency
1
 approximately 30-40 % of all energy used is 

for heating, ventilation and lighting of buildings (Energistyrelsen, 2015).  Many of the 

buildings are older buildings and the only way to reduce their energy consumption is by 

making necessary energy improvements. 

 

Older buildings built in the period 1850 – 1930 are mostly constructed with solid ma-

sonry brick walls which have a high heat loss. Insulating these exterior walls will poten-

tially reduce the overall energy consumption of the building. A concern is that the fa-

cades of these buildings are worthy of preservation due to architectural and cultural val-

ues making it impossible to do the necessary renovations from the exterior side. 

The only reasonable way of insulating the exterior walls is by the use of internal insula-

tion.  

Initial investigation from the “Registry of Buildings and Dwellings
2
,” (BBR) made by 

Tommy Odgaard gives the segment of apartments in Denmark with three stories or 

more in the period of 1850-1930 to be ~220,000 apartments (Odgaard, 2014).  

This shows that there is a relatively high market potential for the use of internal insula-

tion even though not all buildings are applicable to this solution due to different re-

strictions and constraints. 

 

The use of internal insulation is not only an improvement of the energy consumption but 

more importantly an improvement of the indoor environment. A typical solid 1.5 brick 

wall has an internal surface temperature during winter of 16°C (Møller, 2013). This low 

surface temperature results in a cold radiation that is experienced by the occupants as 

                                                 
1
 Danish: Energistyrelsen  

2
 Danish: Bygnings- og Boligregisteret, BBR 
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much colder than the actual room temperature (ISO, 2005). This could result in the oc-

cupants having tendencies of increasing the heat. The use of internal insulation will typ-

ically increase the surface temperature to about 19°C hence increase the thermal com-

fort.  

 

A typical Danish winter period has temperatures varying between -1.1 and 9.2°C for 

longer periods. The relative humidity normally varies between 87 and 94 %. (Erik 

Brandt, 2009) 

 

1.3 Multi-storey buildings from the period 1850-1930 

As a result of the Industrialisation in Denmark the demand for dwellings in Copenhagen 

increased. As a consequent the city had to expand beyond the embankments.  

 

Most of the buildings within the embankments were constructed as half-timbered ma-

sonry houses. This way of constructing had proved to be a fire hazard as great parts of 

Copenhagen burned down in 1795 by the spread of fire. Therefore new regulations were 

established stating that all new buildings should be constructed of fire resistant materials 

in order to decrease the spread of fire between buildings. (Engelmark, 1983) 

As bricks have been used through history, and can withstand fire, buildings of masonry 

were the favourable option as these buildings could also be taller than regular half-

timbered constructions. 

 

From 1810 to 1852 buildings allowed outside the embankments of Copenhagen had to 

follow very strict regulation on varies aspects. The consequent of these restrictions re-

sulted in extreme densification of the inner city within the embankments. In 1852 the 

laws became more lenient for some areas outside the city. It was not before 1867 the 

laws were changed and would now apply for almost all areas outside the embankments.   

(Engelmark, 1983). 

Around the year 1850 the population of Copenhagen was approximately 130,000 and 

the number of dwellings about 30,000 (Figure 1-2).  In 1900 the population had increased 

to about 400,000 (Figure 1-1) and the number of dwelling was 100,000. (Engelmark, 

1983) 
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Figure 1-1 (Engelmark, 1983) fig. 1.05.  

Development in Population within Copenhagen 

and Frederiksberg 1850-1920. A - City within the 

embankments. B –  Quarters along the embank-

ments. C – Østerbro. D – Inner Nørrebro. E - Ou-

ter Nørrebro. F – Vesterbro. G – The inner dis-

tricts 

 

Figure 1-2 (Engelmark, 1983) fig. 1.06. Growth 

rate of flats in Copenhagen 1876 - 1919 

In general the design of buildings was relative simi-

lar as they were constructed following the same law 

of building. This description was very limited on 

how things should be constructed.  

 

A couple of examples from the description were: 

 

How the external walls should be constructed in 

regards to the number of stories in the building. 

 

How much of the façade that could be openings: 

According to the building guideline a maximum of 

2/3 of the wall was allowed to be “cut through” by 

doors, windows or other openings (Figure 1-3) 

(Engelmark, 1983).  

 

As buildings in this period often consist of many 

openings in the façade the amount of wall left is 

limited hence minimizing the amount of façade that 

can be insulated. 

Figure 1-3 (Engelmark, 1983) Typical 

structure of multi-story buildings within 

the period. 
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1.3.1 Typical Building materials of the period 

The way of constructing in 1850 – 1930 was significantly different from what we see 

today.  

1.3.1.1 Bricks 

The bricks were unevenly burned, as a result of 

the way the bricks were burned in a circular 

oven. A circular oven is in principle an oven 

built in a circle that made it possible to make a 

continuing burning process. The bricks were 

stacked on top of each other and from the level 

above to some degree possible to control the 

temperature in the oven. The temperature was at 

that time still judged based on the colour of the 

flame. (Ringovn, 2015) 

 

Due to the placement of the bricks in the oven 

they were burned at different temperatures re-

sulting in a variety of the hardness.   

The bricks burned at the highest temperature 

were usually used in the exterior parts of the 

wall and the lighter and less burned further in-

wards.  

 

The linking of the bricks was typically made 

with the cross-linking
3
 (Figure 1-4).  

 

1.3.1.2 Lime Mortar 

The mortar between the bricks was lime mortar and not cement based as today. The 

Lime mortar has a longer hardening process and need to carbonate before reaching full 

strength. The carbonisation process is limited by the amount of carbon dioxide, CO2 

being able to react with the mortar. This will result in very long hardening periods if the 

wall is rather thick. If the wall gets too thick, it could result in the mortar within the cen-

tre of the wall never reaching full carbonisation hence never completely harden.  

In order to create a flat and even surface the interior render would also be of lime mor-

tar.  

 

  

                                                 
3
 Danish: Krydsforbandt 

 
Figure 1-4 (Engelmark, 1983) build-

up of crosslinking 
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1.3.1.3 The Wooden beams 

The floor beams in Copenhagen are typically made of Swedish pinewood (Engelmark, 

1983) and are placed inside the wall with only a distance of one brick to the outer wall 

(~230mm).  

The material pine was mostly used because it was relative cheap and had acceptable 

strength. The wooden beams are typically built into the walls meaning they are exposed 

to risk of high moisture. The end of the beam is kept away from the wall by a couple of 

centimetres in order to prevent direct moisture transport between the wall and the wood.  

Do to the poor insulation value of the wall, it is often ensured that if moisture conden-

sates on the inner side of the wall it will eventually evaporate.  
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1.4 The structure of the report 

This section contains a short description of what this report will deal with and in which 

order. A more thorough delimitation of the project is stated in section 0. 

 

The report is mainly divided into four sections:  

 Foam concrete recipe investigation 

 Full scale experiment – Cooling chamber  

 Material Properties 

 Theoretical investigation – Delphin  
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1.4.1 Foam concrete recipe investigation 

This section will deal with the development of low density foam concrete that can be 

used as internal insulation. The investigation is based on a system that is already mar-

keted. As foam concrete is normally produced at densities varying from 400kg/m
3
 to 

1800kg/m
3
 (AerCrete, 2014) the task is to lower the density to about 100-150 kg/m

3
. 

The initial investigations will be based on proportions recommended by the manufac-

turer of the equipment and tendencies from other solutions are used as inspiration.  

The further development is basically by “trial and error” reducing the amount of cement 

paste however keeping a fixed amount of foam. This is done until the material is inca-

pable to obtain a reasonable consistency. 

 

 

1.4.2 Full Scale experiment - Cooling chamber 

Cooling chambers are constructed to get full scale experiments of the internal insula-

tions with different surface treatments. The chambers will resemble an outdoor envi-

ronment during an average Danish winter period in terms of temperature and relative 

humidity. The effect of wind and rain are not investigated.  

The temperature and vapour/moisture transport through the wall construction is logged 

using a series of digital sensors that record the temperature and relative humidity in 

points through the wall.  

The cooling chamber is designed to give a 1-dimensional flow through the wall.  

Results from the cooling chamber investigations can be used to be compared with math-

ematical simulations from Delphin. 

1.4.3 Material Properties 

Thermal properties and moisture properties for materials used for both wall construction 

in the full scale experiment and the insulation materials are determined by a series of 

experiments. These material properties are needed for the later mathematical simula-

tions.   

Some material properties need a series of test that are not conducted within this project 

due to the limited time frame. Instead approximations based on similar products are 

used to retrieve the missing material properties. A part of the project is also to investi-

gate the influence of internal surface treatments (paint solution). 

1.4.4 Theoretical investigation - Delphin 

The Delphin investigation is based on a simulation program that is capable of making 

numerical calculation resulting in a theoretical outcome over long term period. Delphin 

simulations are used in order to determine how well the internal insulation will perform 

in some scenarios as the full scale measurement and compared. 
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1.5 Delimitation of the Project 

As this project will consist of both practical experiments and simulations there are made 

some assumptions based on the problems at hand. 

 

Within this project two different insulation materials are tested: A commercial product 

Multipor and an experimental recipe which is developed in this project - Foam Con-

crete. Experiments will be carried out both as computer simulations and as actual full 

scale. 

1.5.1 Foam concrete recipe investigation 

The ideal goal is to obtain a foam concrete product which has insulating capacities that 

have relatively high water vapour permeability (δ-value) hence a low vapour resistance 

factor (μ-value), a low thermal conductivity (λ) and high liquid water transport ability 

hence determine the capillary suction known as the water uptake coefficient (Aw).  

The goal is to obtain properties that are as similar products on the market such as Multi-

por however with a much higher water uptake coefficient.  

The vapour resistance of the Multipor is relative low with a μ-value of 5 and a thermal 

conductivity (λ) of 0.042 
W

m∙K
 (Annex A). The water uptake coefficient (Aw) is accord-

ing to values from the program Delphin: Aw=0.006 
kg

m2s½.  

The water uptake coefficient for the Multipor is very low and therefore the goal is to 

obtain a higher value for the Foam Concrete. 

Liquid water transport is rather crucial for internal insulation and therefore it is believed 

that low values may result in accumulation of water within the wall construction. 

 

The foam concrete recipe will be developed from a fixed water/foam liquid ratio hence 

the ongoing process is to produce samples where the amount of cement paste is the var-

ying factor with a fixed water/cement ratio of 0.5. The process is to reduce the amount 

of cement paste until the finish foam concrete product is so brittle and porous that it is 

impossible to handle or will not stick together as an reasonably solid unit. There will 

also be tried out adding a liquid binder, network former, to establish the effect on the 

finished product.  

The development focuses on the raw product hence the effect of adding different kinds 

of aggregates will be limited. 

In the investigation of the samples the following will be determined: Water vapour 

properties, thermal conductivity(𝜆), water uptake (Aw) and density(𝜌) and porosity. 

Only the best suited product produced throughout the investigation will have all of the 

above mentioned values determined.  

In order to decide which sample is most suited for use and further tests all samples are 

weighted and measured to get an indication of their density. The lower the density the 

more likely the sample is to have low thermal conductivity. The thermal conductivity is 
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measured with digitally (with an Isometer) to establish a quick estimate on their insulat-

ing capacities.  

All the initial samples are weighted over a period of 30 days in order to follow the dry-

ing out process hence the change in density. The digital determination of the thermal 

conductivity is carried out ones the samples have dried out. 

Experiments in relation to strength of the product are not determined within this project. 

The strength is alone based on the handling of the product and a visual appearance as-

sessment. 

 

1.5.2 Full scale experiment – Cooling chamber  

The results and experiments will be based on nine exterior masonry walls with a thick-

ness of 1.5 bricks (348 mm) with joints (12 mm) of lime mortar.  

The interior side of the walls are rendered with ~12 mm of lime mortar. The test walls 

are newly constructed and will have modern bricks that are more evenly burned than 

old-fashioned bricks as described in section 1.3.1.1. The chosen brick is a regular clay-

burned brick without any additives or unnatural colouring making it the best suited for 

this project.   

The test environment will have an indoor climate with a relative humidity of ~ 60% 

representing a bedroom with two occupants (Bjarløv, 2014). The temperature will be 

held at ~20°C. Outdoor conditions are made with refrigerators having a relative humidi-

ty of 80-90% and an average temperature between 2.8°C (Erik Brandt, 2009) and 

3.83°C (Niels Hansen, DMI, 2015). 

The full scale test is designed to show a 1-dimensional steady-state path through the 

wall and interior insulation therefore the sides are sealed with vapour barrier and insu-

lated to create adiabatic boundaries. 

The nine walls are all constructed similar. Seven of them will be used in this project and 

the final two can eventually be used to test another product.    

Two set of materials are tested. The commercial product Multipor and the self-

developed recipe based on foam concrete. In order to have the most comparable results 

both materials are tested at the same conditions. The Multipor is delivered in thickness-

es of 100 mm hence the Foam Concrete is tested with the same thickness. Both products 

are mounted to the walls using the same ‘glue’ – Multipor Light Mortar and both mate-

rials are tested with the same interior surface render –Multipor Light Mortar including 

net. This is done accordingly to the description from the manufacturer of Multipor (An-

nex B). 

Foam Concrete is placed on four of the test walls and two of them are with Multipor. 

The final wall is a reference wall with no insulation or other treatments. 

 

Wooden rigs are constructed to carry the small wall sections. Holes are cut in the refrig-

erator door making it possible for the exterior side of the wall sections to be exposed to 
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the ‘outdoor’ conditions within the refrigerator ones the wooden rigs are pushed in 

place. 

 

All tests are carried out at the same temperatures and relative humidity in the same type 

of refrigerator to reduce errors caused by different factory settings. This should ensure 

that results are more or less directly comparable. 

 

In order to record the temperature and relative humidity through the walls and insulation 

material digital sensors are placed within the construction. Three sensors are placed in 

each solid wall and to sensors in the insulation material. Sensors are also placed within 

the refrigerators – one sensor in each. Finally a sensor is placed within the room logging 

the temperature and relative humidity of the indoor environment.  
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1.5.3 Material Properties 

In order to compare materials and use them for mathematical analysis in Delphin it is 

necessary to determine some basic characteristics.  

Within this project the following properties are determined: 

 

 Water Vapour diffusiveness parameters   

 Thermal conductivity 

 Capillary suction tests.  

 Density and porosity 

 Moisture diffusivity 

 

All materials used within the full scale test will be examined to some extend besides the 

Multipor Light Mortar. Here the properties from the manufacturer will be used. 

 

The following materials are examined:  

 Bricks, Lime Mortar, Multipor and Foam Concrete.  

 

The regular lime mortar is investigated for the influence of carbonisation meaning that 

all tests are done for specimens that have been fully carbonated within a chamber and 

specimens left to harden at regular indoor conditions.   

 

The influence of the amount of coats of ordinary paint is investigated. The vapour re-

sistance factor is determined for the following: Primer, 1 coat, 2 coats, 3 coats and 4 

coats of paint.   

 

The moisture diffusivity of the Foam Concrete is determined in order to obtain an indi-

cation of how fast the material dries out and how the moisture transport within the mate-

rial develop over time. 

 

The material properties are also determined for the Multipor though these values are 

already determined from the manufacturer. This is done for primarily two reasons. First-

ly in order to establish whether the properties are as described from the manufacturer 

and secondly compare them directly with the produced Foam Concrete. The comparison 

can be made since both products have been measured with the use of the same test 

equipment and the use of the same test procedures.  
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1.5.4 Theoretical investigation - Delphin 

The theoretical model will investigate a 1 -dimensional setup of a 1.5 brick wall with 

the following interior insulation and surface treatments: 

 Foam Concrete, 2 coats ordinary paint. 

 Foam Concrete, 2 coats of diffusion open paint. 

 Foam Concrete, 4 coats ordinary paint. 

 Foam Concrete, 4 coats of diffusion open paint . 

 Multipor, 2 coats ordinary paint. 

 Multipor, 2 coats of diffusion open paint. 

 

The material properties are based on the investigation carried out through this project as 

described in section 1.5.3 some of the required properties are found from similar prod-

ucts within Delphin.     

 

The investigation of the six different setups is made for two scenarios: A transient and a 

steady state. The effect of rain is not considered. 

 

The transient scenario is made for a 3 year period with outdoor temperatures and humid-

ity corresponding to a yearly cycle. The indoor conditions are fixed with a temperature 

of 20°C and a Relative Humidity of 60%. 

The Steady state scenario is made with the same conditions as the full scale experiment. 

The indoor temperature will be held at 20°C and the relative humidity will be 60%. The 

outdoor condition will be constant with a temperature of 3.3°C based on average of the 

two average temperature and a Relative humidity of 85% based on average in the heat-

ing season (Oct.-Mar.).  

 

Results from the simulations are compared with the ones established by the full scale 

experiment. 
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2  
THEORY 

The following chapter will contain and describe the necessary theory of the different 

experiments carried out through this project. The general heat and moisture characteris-

tics of the investigated buildings from the period 1850 – 1930 in regards to the exterior 

walls are investigated. The theoretical concerns and considerations with the use of in-

ternal insulation are described. 
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Figure 2-1 (Munch-Andersen, 2008) – 

Vertical section through the exterior wall 

and typical connection of the deck. 

 

 

2.1 Fundamental conditions for buildings – 1850 -1930 

Buildings from the period 1850-1930 are 

constructed with the use of solid brick walls 

as mentioned earlier in section 1.3. 

In this section the heat and moisture 

transport through the construction is de-

scribed both for the existing construction 

and for the insulated ones. Advantages and 

disadvantages with different solutions are 

shortly described. The theory is primarily 

based on a solid brick wall made of 1.5 

brick (348 mm) with an interior lime mortar 

render. The construction is illustrated in 

Figure 2-1.   

2.1.1 Heat and moisture - Existing exterior wall 

The issue with the old construction method (Figure 2-1) is that it has a substantially heat 

loss due to a relatively high U-value. The heat loss for the typical 1.5 brick wall con-

struction is shown in Table 2-1.  

Table 2-1 (Munch-Andersen, 2008). Heat loss through the exterior wall. 

Type of Construction Qwall [kWh/m
2
] Uwall [W/m

2
K] 

1.5 Brick Wall 131 1.31 

  

The values stated in Table 2-1 are based on an indoor temperature of 20°C and an exterior 

temperature of 0°C (Munch-Andersen, 2008).    

The internal surface temperature at the same thermal conditions for a solid 1.5 brick 

wall is approximately 16°C (BYG-ERFA, 2009). 

 

For a solid 1 brick masonry wall the internal surface temperature during winter will be 

5-6°C lower than the room temperature (Figure 2-2). This will increase the risk of con-

densation occurring on the surface. If the surface is poorly ventilated (often behind 

paintings and furniture placed against the wall) moisture may accumulate within the 

construction as a result of the moisture being sucked into the wall. This will decrease 

the insulating properties of the wall hence the internal surface temperature will de-

crease. This might result in increased condensation as a self-reinforcing effect 

(Andersen , Christensen , & Nielsen, 1993). 



 

Theory 

17 

 

2.1.2 Heat and moisture - Interior insulated wall 

In order to reduce the heat loss through a solid exterior wall (Figure 2-1) there are two 

options: Either to insulate on the exterior side of the wall or on the interior side. There 

are often restrictions that make it impossible to do it from the exterior side as mentioned 

earlier in section 1.2. Insulating from the interior side of the wall is the only option. 

 

When insulating the interior side of the wall the natural convection that usually occurs 

along this surface is interrupted (Figure 2-3). This affects the natural drying and as a con-

sequence the risk of getting condensation is rapidly increased.  

Dependent on the kind of material exposed to the moisture the crucial level for mould 

and fungus growth is varying (Table 2-2). 

 

Table 2-2 Critical Relative humidity for wood and concrete in terms of fungus growth 

Material  Critical Relative Humidity in terms of fungus growth 

Wood 75-80% 

Concrete  90-95% 

 

The condensation is a result of the vapour pressure getting higher than the saturated 

vapour pressure. This happens on the boundary layer between the insulation and the old 

brick wall. The issue is when the surface temperature drops air can contain less water 

and therefore condensation occurs.  

Moisture content as a function of the relative humidity and temperature can be deter-

mined by the use of a vapour pressure diagram. 

 

In Figure 2-4 is shown a vapour pressure diagram showing at which temperature conden-

sation occurs for the chosen conditions within this project. If the indoor temperature is 

20°C and the RH= 60%. Vapour condenses at a dew-point temperature, Tdew ≈ 12°C. 

 

Figure 2-2 (Andersen , Christensen , & Nielsen, 1993) Temperature profile through a solid 1 brick 

wall. The low surface temperature may result in condensation behind paintings and furniture.   
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Figure 2-3 Conceptual illustrations of the effect on the drying of the internal surface due to 

convection. The image on the left side show how the internal surface is ventilated due to con-

vection. The right illustrates a limited convection and lowered temperature and therefore an 

increased risk of getting condensation on the old internal surface.    

 

Therefore the surface temperature of the old wall construction should either stay above 

this temperature, be sealed from the risk of vapour entering the construction or being 

able to transport moisture away.  

  

Another typical problem with internal insulation occurs when the insulation is mounted 

close to the floor hence the temperature at the end of the floor beam is lowered to levels 

that might result in rot, mould and fungus growth. This issue is not examined within this 

project however further details are shortly described in Annex C.   

  

 

Figure 2-4 (Erik Brandt, 2009) Vapour pressure diagram. On the diagram is highlighted at 

which temperature vapour will condensate if indoor temperature is 20°C and RH=60%. 
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Figure 2-5 (Munch-Andersen, 2008) Vertical section of the exterior wall 

with an internal insulation system based on the use of a wooden frame with 

vapour barrier and a gypsum/plywood board on the interior side. 

 

2.2 Internal insulation strategy 

Typically there are two strategies in terms of internal insulation:  

 

Strategy 1:  

Using an insulation material together with a vapour barrier to create a high dif-

fusion resistance: This solution ensures that moisture from the room does not 

diffuse through the insulating material and condensate on the old interior side of 

the wall hence preventing accumulation of water.  

 

Strategy 2: 

Using an insulation material with such a low diffusion resistance that vapour can 

easily travel through the wall construction. Ensuring that moisture accumulation 

within the wall is limited.  

2.2.1 Strategy 1 – With vapour barrier: 

This strategy typically involves a frame construction (steel or wood) mounted directly to 

the inside of the masonry wall. This takes care of the mechanical and structural issues. 

The void in between the supporting posts is packed with an insulating material; often a 

soft and flexible mineral wool is used. A vapour barrier is fitted to the frame as shown 

in Figure 2-5 and a covering board of plywood and/or gypsum is mounted internally 

(Byggeforsknings, 2009). This solution is an acknowledged method and often practiced 

and recommended by The Governmental Building Research Institute (SBI)
4
.   

 

 

  

                                                 
4
 Danish: SBI - Statens Byggeforskningsinstitut   
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Disadvantages: 

A disadvantage is the sensitivity of the vapour barrier. If the fitting and sealing is done 

improperly during construction or if the barrier is punctured post construction by e.g. 

nails vapour might travel through the holes and condense on the surface of the old ma-

sonry wall. This may result in accumulation of moisture hence the risk of mould and 

fungus growth is rapidly increased as a result of high variation in resistance. 

If the wooden frame system is used the risk of getting rot, mould and fungus growth is 

more likely to occur if moisture accumulates within the construction. The use of a steel 

system do not prevent this from happening as organic material is always present in some 

form e.g. dust.   

 

2.2.2 Strategy 2 – Without vapour barrier: 

This strategy involves insulation systems that allow moisture and/or vapour to freely 

travel through the wall construction instead of blocking it. These insulation systems are 

often self-supporting system where there is no need for a structural frame of wood or 

steel.  

There are several of different products on the market that have different approaches to 

this strategy. In general they are all based on the same principles: 

 

 All are produced as block systems meaning they come in standard dimensions 

from the producer and can be cut and adjusted on-site. 

 They are often glued to the exterior wall. Most are fully glued minimizing the 

risk of leaving air gaps where moisture may accumulate.  

 The interior side of the product is rendered and the surface treated with suited 

systems specified by the manufacturer.  

 

 

Disadvantages: 

This strategy is relatively new and therefore not used as often as the solution involving 

the use of a vapour barrier. Experience in use of this strategy is limited and the conse-

quences are not fully investigated. Another aspect is that some systems require a lot of 

preparation before mounting as old wall constructions are rarely even. 

Others limitation is that it can be difficult to mount objects to the surface of the wall 

post construction without the use of special brackets. The placement of large pieces of 

furniture e.g. tall bookcases against the wall should be carefully considered as these 

limits convection along the surface.     
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2.3 The investigated insulation materials 

Within this project two insulation products will be investigated: The Multipor and the 

self-developed Foam Concrete.  

Both the Multipor and the Foam Concrete are fully glued to the walls using the Multipor 

light Mortar and have a surface render with the same light mortar together with a rein-

forcing net from Xella.. 

2.3.1 Multipor 

The Multipor is an AAC that is produced for internal insulation. The product is relative-

ly diffusion open and has a low thermal conductivity when compared with other silica 

based products. The product is durable and produced in blocks that can be mounted di-

rectly to the interior side of the wall using a glue mortar. 

Some of the characteristic thermal properties and moisture material parameters from the 

manufacturer are shown in Figure 2-6 below (Annex A).      

   

 

𝜆 = 0.042
𝑊

𝑚𝐾
 

 

𝜌 = 115
𝑘𝑔

𝑚3
 

𝐶𝑝 = 1300
𝐽

𝑘𝑔 ∗ 𝐾
 

𝜇 = 5 

Figure 2-6 Some characteristic material parameters from the Multipor data sheet ( Annex A). To the 

right is shown a picture of the product. 
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2.3.2 Foam concrete 

Foam concrete is already used within construction to decrease the overall weight com-

pared to the use of traditional concrete. 

The general concept of foam concrete is to lighten the finished product by mixing ce-

ment paste together with stable foam. The foam lifts up the cement paste during the ini-

tial curing process and then evaporates. This gives a finished product that is relatively 

light and porous. A variety of aggregates can be added to the mixture to increase the 

strength of the product hence densities of foam concrete normally varies between 400-

1800 kg/m
3
 (AerCrete, 2014).   

As lower densities leads to an increased amount of pores the thermal conductivity of the 

material will be decreased.   

2.3.2.1 Recipe guidance 

Within this project the development of low density foam concrete is based on product 

descriptions for more dense products than what is the actual goal. From the manufactur-

er of the foam concrete equipment, Dr. Lucá & Partner Ingenierkontor GmbH a short 

manufacturing guides gives the basic requirements. A sum up from this guide is shown 

in Table 2-3 below. The full guidance can be found in Annex D. Some properties are 

from other sources these are referred to in the table.  

 
 

                                                 
5
 (Dr. Lucá & Partner Ingenieurkontor Gmbh, 2015) 

RANK of 

Mixing 
MATERIALS DESCRIPTION 

2 Cement 

Ordinary Portland Cement  

(minimum Grade 42.5) 

The quantity of cement can be as low as 300 - 

250 kg/m3 of the finished product. 

The water/cement ratio (w/c) 

shall be at least 0.45. 

1 Water 
Ordinary tap water with a temperature prefer-

ably below 25°C for the foaming agent. The foaming agent/water 

ratio shall be 1:40 or higher.   

In some special cases a ratio 

between 3-4% is more suited. 

5 

(foam) 
Foaming Agent 

Enzyme based foaming agent -  

LithoFoam SL200-L
5
 

3 
Networksformer 

(optional) 
LithoFoam NWF-S  (Annex T) 

Dose: 1.5 – 2.5 % of the 

cement quantity. Recom-

mended dose: 2% 

4 
Aggregates 

(optional) 
Fly Ash (Check Annex D for further info);   Sand;       Lime  

Table 2-3  Sum up of the manufacturing guidance for producing foam concrete.  
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2.4 Full scale experiment – Cooling Chamber 

In order to make full scale experiments with both the Multipor and the Foam Concrete it 

is necessary to establish some criterion at which the samples will be tested. This is dealt 

with in the following section.  

The principle of this investigation is similar to an earlier hot-box/cold-box study made 

by Evy Vereecken. In her study the Hot-box has the highest humidity. (Vereecken, 

2013)   

 

2.4.1 Goal for investigation 

2.4.1.1 Outdoor conditions 

The goal is to create an environment that represent an average Danish winter period. 

According to “SBI 224” (Erik Brandt, 2009)  the average temperature in the winter 

months (Oct-Mar) is 2.8°C according to the Danish Metrological Institute
6
 (DMI) the 

temperature within the period 2001-2010 is 3.83°C (Figure 2-7).  

To obtain a reasonable precision of the temperature, the fluctuation should not be more 

than ±0.5°C.  

According to the diagram “figure 28 in SBI 224” (Erik Brandt, 2009) the outdoor rela-

tive humidity is varying between 80-90 % in the period of Oct.-Mar.  

The ideal goal is to establish an environment with and temperature of: 3.3°C ± 0.2°C 

and a RH of approximately 90%.  

 

                                                 
6
 Danish: Dansk Metrologisk Institut 

 

Figure 2-7 (Niels Hansen, 2015) Weather data for the period 2001-2010 from BMI. 

 



 

Theory 

24 

2.4.1.2 Indoor conditions 

The indoor temperature will be held at approximately 20°C and the relative humidity 

should be constant about RH= 60%. These conditions will resemble a bedroom with 

two persons (Bjarløv, 2014).      

 

2.4.1.3 1-Dimensional measurement 

The whole concept is to establish two different climates on either side of the test assem-

bly with adiabatic boundaries (Figure 2-8). Moisture will then be transported through the 

construction and sensors will record the temperature and the humidity at different loca-

tions.  

The theoretical vapour pressures on either side can be determined by the use of a vapour 

pressure diagram. From Figure 2-9 is shown that the theoretical vapour pressure differ-

ence is approximately 700 Pa. The vapour transport will therefore be from the indoor 

environment towards the outdoor. 

 

Figure 2-8 Vertical Section - Illustration of the placement of sensors and adia-

batic boundaries for the full scale test. 
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2.4.1.4 Conditions within the cooling chamber 

In order to establish the temperature and moisture conditions mentioned in section 

2.4.1.1 the simplest solution in theory is to use a refrigerator that can be set to hold a 

constant temperature.  

 

2.4.1.5 Humidity 

As refrigerators are relatively sealed the humidity should be possible to be control with 

the use of saturated salt solutions.  

The most suited salt for this experiment is a saturated solution of Barium Chloride 

(BaCl2) with a RH = 92 % at 5°C (Annex PP).  

The issue however with the use of BaCl2 is that it is relatively expensive but also toxic 

(lethal) according to the material data sheet (Annex F).  

The use of saturated Potassium Nitrate (KNO3) has a much higher relative humidity at 

the lower temperatures hence 97% at 5°C (Annex PP). The salt however is much cheap-

er compared to BaCl2, easy to make (Annex E) but more importantly non-toxic (Annex 

G).  

The higher relative humidity of KNO3 is found to be acceptable as the refrigerator has a 

relatively large volume and very limited space for placing the saturated salt solution. 

 

Figure 2-9 (Erik Brandt, 2009) Vapour pressure diagram showing the theoretical vapour pres-

sure difference between the indoor conditions at 20°C, RH=60% and the outdoor conditions at 

3°C, RH~93% . The pressure difference Δp ~700Pa.  
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Therefore the expected average relative humidity within the refrigerator is assumed to 

be slightly lower. 

In order to achieve a good mixing of the air inside the refrigerator fans are needed.              

2.4.1.6 Temperature 

As humidity is very sensitive to changes in temperature the temperature within the re-

frigerator need to have very small fluctuations as described in section 2.4.1.1. 

If the temperature drops too much the built up moisture will condensate.  

 

The temperature in the refrigerator has per default a high hysteresis of ±2°C and a rela-

tive humidity of 50-60 % at a setting of 3°C. This is established early in the experiment 

in order to determine the further process (Section 3.2.2.1for further details). 

 

To obtain the necessary temperature fluctuation (hysteresis) a theory is to trick the 

thermostat within the refrigerator to measure temperatures higher than what is the actual 

case hence inducing constant cooling. As most refrigerators will keep lowering the tem-

perature way beyond freezing a device (controller) will have to turn the compressor on 

and off at the required temperatures. The controller will need to have hysteresis much 

lower than the thermostat in the refrigerator. 

Most refrigerators are designed in such a way that the compressor will not start up be-

fore a time delay since the last run therefore some fluctuation in temperature is unavoid-

able. 
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2.5 Material properties 

This section will primarily describe the necessary theory behind the different experi-

ments used to find the characteristic material properties.  

2.5.1 Cup Experiment - Determination of water vapour transmission prop-

erties 

In order to obtain the water vapour transmission properties it is necessary to perform a 

cup experiment.  

The principle is, to have a controlled vapour flow through the test specimen. It is done 

by having different relative humidity on either side of the test sample within a con-

trolled environment. The result of having difference in humidity on either side of the 

cup is that air will diffuse through the material in order to obtain equilibrium with 

chamber. Both sides of the sample are kept at the same temperature of 23±0.5°C. The 

relative humidity within the chamber is held at 50±3%. An illustration of the cup is seen 

in Figure 2-10. The cups are weighted within the test chamber through a period. This is 

done until the last of five weightings and determinations of change in mass over time 

(∆�̇�12) do not deviate more than 5% from the average of the last five determinations. 

(DS/EN ISO 12572, 2001).    

 

The samples are fixated within a cup containing a saturated salt solution of Potassium 

Nitrate (KNO3). The salt creates a relative humidity of approximately 93% within the 

cup below the sample. In Annex E is a description on how the salt is saturated. 

Above the test sample a wind velocity of a minimum of 2m/s is held to avoid air from 

stagnating above the sample. (DS/EN ISO 12572, 2001). 

The area of the specimen in the cup will have to be at least 0.005m
2
 and the number of 

test samples will have to be at least five if the area of the specimen is below 0.02 m
2 

otherwise a number of three is adequate. For the investigation 5 samples are used for 

 

Figure 2-10 Cup test in climate chamber 
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each material besides the determinations of the plaster board (different coats of paint) 

where only 3 samples are made per coat of paint.   

 

The height of the sample has to be a least three times the largest particle size. 

Due to height restrictions in the test chamber at DTU BYG the height of the sample may 

not exceed 35 mm. 

 

The following equations are used based on the International Standard (DS/EN ISO 

12572, 2001):  

 

Mass change rate: 

∆�̇�12 =
𝑚2 − 𝑚1

𝑡2 − 𝑡1
 

Where:  

∆�̇�12 𝑇ℎ𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 𝑜𝑓 𝑚𝑎𝑠𝑠 𝑝𝑒𝑟 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 [𝑘𝑔/𝑠] 

𝑚1 𝑇ℎ𝑒 𝑚𝑎𝑠𝑠 [𝑘𝑔] 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡1 [𝑠] 

𝑚2 𝑇ℎ𝑒 𝑚𝑎𝑠𝑠 [𝑘𝑔] 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡2 [𝑠] 

𝑡1 and 𝑡2 𝑇ℎ𝑒 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑖𝑣𝑒 𝑡𝑖𝑚𝑒𝑠 𝑜𝑓 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔𝑠. [𝑠]  

 

Water vapour flow rate through the specimen: 

In order to determine the Water vapour flow rate through the specimen, G [kg/s] the 

regression line between the mass over time is determined. The slope of the regression 

line is equal to G (Figure 2-11). The regression line is determined for at least 5 of the last 

measurements that all fulfil the earlier mentioned criterion (a deviation of less than 5%) 

 

 

Figure 2-11 – Determining the slope of the regression line (red) hence the water vapour flow rate G 

[kg/s] 

Water vapour permeance and water vapour diffusion resistance: 

 

𝑊 =
1

𝑍
=

𝐺

𝐴 ∙ ∆𝑃𝑣
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Where:  

𝐴 𝑇ℎ𝑒 𝑒𝑥𝑝𝑜𝑠𝑒𝑑 𝑎𝑟𝑒𝑎 (𝑎𝑟𝑖𝑡ℎ𝑚𝑒𝑡𝑖𝑐 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑟𝑒𝑒 𝑢𝑝𝑝𝑒𝑟 𝑎𝑛𝑑 𝑓𝑟𝑒𝑒 𝑙𝑜𝑤𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎𝑠) 
𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛. [𝑚2].

 

∆𝑝𝑣 
𝑇ℎ𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 [𝑃𝑎]𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 –  𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒  

𝑎𝑛𝑑 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑐𝑜𝑢𝑟𝑠𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡.  

𝑍 𝑇ℎ𝑒 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 [
𝑚2𝑠𝑃𝑎

𝑘𝑔
]  

W 𝑇ℎ𝑒 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 𝑝𝑒𝑟𝑚𝑒𝑎𝑛𝑐𝑒 [
𝑘𝑔

𝑚2𝑠𝑃𝑎
] 

 

The vapour pressure on either side of the specimen is determined by the use of the fol-

lowing equation. 

𝑝𝑠𝑎𝑡 = 𝜑 ∙ 610.5 ∙ 𝑒
17.269∙𝜃

237.3∙𝜃  𝑓𝑜𝑟 𝜃 ≥ 0°𝐶  
Where:  

𝜑 𝑇ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 [0 ≤   𝑅𝐻 ≤   1]  

𝜃 𝑇ℎ𝑒 𝑚𝑒𝑎𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [°𝐶]  

Ones the saturations vapour pressures are determined the pressure difference over the 

specimen is determined by:  

∆𝑝𝑣 = 𝑝𝑠𝑎𝑡_𝑐𝑢𝑝 − 𝑝𝑠𝑎𝑡_𝑐ℎ𝑎𝑚𝑏𝑒𝑟 

 

Water vapour permeability:  

𝛿 = 𝑊 ∙ 𝑑 

Where:  

𝑑 𝑇ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑎𝑟𝑖𝑡ℎ𝑚𝑒𝑡𝑖𝑐 𝑚𝑒𝑎𝑛 𝑜𝑓 5 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠) [𝑚]  
 

Water vapour resistance factor 

In order to determine the water vapour resistance factor it is necessary to calculate the 

water vapour permeability of air. This is done by the use of Schrimer formula (Wu, 

Kumaran, & Fazio, 2006). 

 

𝛿𝑎 =
2.306 ∙ 10−5 ∙ 𝑝0

𝑅𝑣 ∙ 𝑇 ∙ 𝑝
(

𝑇

273.13
)

1.81

 

 

𝛿𝑎  𝑇ℎ𝑒 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎𝑖𝑟 [
𝑘𝑔

𝑚𝑠𝑃𝑎
]
 

𝑝0 𝑇ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑏𝑎𝑟𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 1013.25 𝑃𝑎  

𝑅𝑣 𝑇ℎ𝑒 𝑔𝑎𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑓𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 462.52 [
𝐽

𝑘𝑔𝐾
] 

T 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [𝐾]  

𝑝 𝑇ℎ𝑒 𝑚𝑒𝑎𝑛 𝑏𝑎𝑟𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑐𝑜𝑢𝑟𝑠𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡. [𝑃𝑎] 

 

The water vapour resistance factor is then determined by:  

 

𝜇 =
𝛿𝑎

𝛿
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The water vapour diffusion-equivalent air layer thickness:  

𝑠𝑑 = 𝜇 ∙ 𝑑 
Where: 

𝑠𝑑 𝑇ℎ𝑒 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 − 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑎𝑖𝑟 𝑙𝑎𝑦𝑒𝑟 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠[𝑚]     
 

If 𝑠𝑑 < 0.2 𝑚 it is necessary to make a correction for the air layer between the salt and 

the specimen in the cup. 

The correction is made to the water vapour permeance, W and therefore all equations 

related to this value need to be corrected for. 

 

𝑊𝑐 =
1

𝐴 ∙ ∆𝑃𝑣

𝐺 −
𝑑𝑎

𝛿𝑎

 

 

 Where:  

𝑑𝑎 𝑇ℎ𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑖𝑟 𝑙𝑎𝑦𝑒𝑟 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑠𝑎𝑙𝑡 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 –  
𝑇ℎ𝑒 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑠 0.015 ± 0.005 [𝑚]  

 

Water vapour diffusion resistance for coats of paint: 

In order to determine the Z-value of the different coats of paint the following equation 

can be used: 

𝑍𝑓 = 𝑍𝑡𝑜𝑡 − 𝑍𝑚 

 

Where: 

 

Other vapour diffusion properties can then be determined from 𝑍𝑓. 

 

2.5.1.1 Interior surface treatment - Paint 

Often the surface treatment of the interior side of walls consists of a simple all around 

white paint. The process of treating the wall is often done by coating the surface with a 

Primer in order to seal the render and prepare it for the finishing coats of paint. Glass 

fabric or wallpaper could be added before the painting. If the finish of the render is done 

nicely some would simply paint the wall directly afterwards the treatment with the pri-

mer. Two coats of paint is often a recommended minimum for full coverage.  

In cases with significant moisture problems diffusion open silicate paints are recom-

mended.  

 

  

𝑓, 𝑚, 𝑡𝑜𝑡 
𝐟ilm(surface treatment → coat of paint) 

      𝐭𝐨𝐭al of the combination of material and film 

𝐦aterial(𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑖𝑛𝑔 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑒. 𝑔 𝑔𝑦𝑝𝑠𝑢𝑚 𝑏𝑜𝑎𝑟𝑑)  [
m2sPa

𝑘𝑔
] 



 

Theory 

31 

Different solutions are shortly presented below:  

 Simple solution: Primer, two coats of ordinary paint. 

 Advanced solution: Primer, glass fabric (incl. glue) and then two/three coats of 

paint depending on the finish. 

 Diffusion open solution:  Silicate paint with high permeability is used. A coat of 

special diffusion open primer, a coat with part primer and paint combined, and 

finally a third coat with only paint. 

 

This report will be limited to deal with the Simple solution and the diffusion open solu-

tion. 

The reason for dealing with both solutions is to confirm if there is a significant differ-

ence in using one over another.  

 

Diffusion open solution:  

The Diffusion open Solution is based on a paint-system from the producer KEIM. The 

chosen system is a combination of the primer KEIM Specialfixativ (Annex H) and the 

paint Ecosil-ME (Annex I). The solution for this product is described in Annex J 

(Anderskov, 2015). 

 

 

Simple Solution: 

The Simple solution is often used in rented accommodations since this is the quickest 

and often the cheapest solution. Rented accommodations have a higher rotation of oc-

cupants hence being painted more frequently. An example of a commonly used paint is 

Flutex 5 (Annex K/ Annex L). This paint is chosen based on experience and recommen-

dation from Peter Svane, Consultant, Overfladeteknik Maleteknisk Rådgivning ApS. 

(Svane, 2014).    

 

In order to analyse the effect of difference in coats of paint it is necessary to determine 

the diffusion resistance (Z-value or Sd-value) of the different coatings.  

 

The diffusion resistance of the diffusion open paint is already determined by the pro-

ducer, KEIM. Since this value is very low (sd > 0.01 m) the influence on the results is 

can be neglected. 

 

Generally there is no requirement for producers of ordinary interior paint to determine 

the diffusion resistance. For the Flutex 5 the diffusion resistance is determined by the 

producer but only for a specific unknown thickness hence it is necessary to determine 

the value for different coats of paints.  
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Figure 2-12  Painted plasterboard showing the different coats of paint. 

 
 

The investigation of the influence of each coat of paint is done by painting a plaster 

board with the different coats from raw gypsum board to 4 coats of paint (Figure 2-12).  

 

The results from the cup-experiment can be used as an additional resistance in the Theo-

retical investigation made with Delphin. 
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2.5.2 Guarded Hot Plate – Determination of thermal conductivity by means 

of guarded hotplate 

The guarded hot plate (GHP) experiment is carried out in order to determine the thermal 

conductivity of a specimen by placing the material in between a hot surface and a cold 

surface. This will encourage a heat transport through the material. The test specimen is 

insulated on the sides in order to establish a 1-dimensional heat flow through the mate-

rial.  

The guarded hot plate experiment is performed in accordance with the International 

standard EN 12664. (DS/EN 12664, 2001). 

  

The general concept of the GHP is to guard the centre positioned hot plate to ensure that 

heat is directed upwards through the test specimen. Figure 2-13 illustrates the guarded hot 

plate set-up.   

 

 

Figure 2-13 (Peuhkuri, 2013) Illustration of the guarded hot plate setup. The positions A and B are the 

placement of the thermal couples that measure the temperature difference and effect across the sample. 

Fourier’s law is used to calculate the thermal conductivity. 

 

The sample should preferably have the same dimensions as the intended use. Often this 

is not possible due to equipment constrains. Therefore the dimensions should be in ac-

cordance with the ones stated in the Standard (DS/EN 12664, 2001).  

 

For the equipment used at BYG DTU the recommended dimensions for insulation mate-

rials are (Peuhkuri, 2013): 

Width [mm] Height [mm] 

~ 300 x 300 [20;50] 

 

 

The following equations are used when determining the thermal conductivity of a spec-

imen. Some equations are based on the measuring equipment at BYG DTU (Peuhkuri, 

2013):  
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Fourier’s law of heat transfer:  

𝛷

𝐴
=

𝜆

𝑑
∙ (𝑇𝑐𝑠 − 𝑇ℎ𝑠) 

 
Where:  

𝛷 𝑇ℎ𝑒 ℎ𝑒𝑎𝑡 𝑓𝑙𝑜𝑤 [𝑊]
 

𝜆 𝑇ℎ𝑒 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 [
𝑊

𝑚𝐾
]  𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛   

A 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 [𝑚2] 

d 𝑇ℎ𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 [𝑚] 

𝑇𝑐𝑠  𝑎𝑛𝑑  𝑇ℎ𝑠 𝑇ℎ𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑙𝑑 𝑠𝑖𝑑𝑒 𝑎𝑛𝑑 ℎ𝑜𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛. [𝐾] 

 

The use of Fourier’s law is only valid if:  

1) Temperature and thermal conductivity are stationary.  

2) If the flow of heat is 1-dimensional.  

3) If the material properties are constant.  

4) There is no additional heat source. 

 

Thermal Conductivity (Peuhkuri, 2013): 

Valid if the above mentioned 1) – 4) constrains are fulfilled. 

 

𝜆 =
(𝑃 ∙ 𝑑)

𝐴𝐻𝑃 ∙ ∆𝜃𝑆
 

Where: 

𝑃 

𝑇ℎ𝑒 𝑑𝑒𝑝𝑜𝑠𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑝𝑙𝑎𝑡𝑒 [𝑊]            

𝑃 =
𝑈2

24.8
 

𝑈 𝑇ℎ𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 ℎ𝑜𝑡 𝑝𝑙𝑎𝑡𝑒 [𝑉]  

𝐴𝐻𝑃 
𝑇ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑜𝑡 𝑝𝑙𝑎𝑡𝑒. [𝑚2]  

0.160𝑚 ∙ 0.160𝑚 = 0.0256 𝑚2 

∆𝜃𝑆 
𝑇ℎ𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 [°𝐶] 

∆𝜃𝑆 = 𝑢 ∙ (25.9 − 0.06 ∙ 𝑇𝑚 + 2.7 ∙ 10−4 ∙ 𝑇𝑚
2 − 10−6 ∙ 𝑇𝑚

3 ) 

𝑢 𝑇ℎ𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑝𝑖𝑙𝑒 [𝑚𝑉]
 

𝑇𝑚 
𝑇ℎ𝑒 𝑚𝑒𝑎𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 [°𝐶]                                     

  𝑇𝑚 = 𝑇𝑐𝑠 + 25.9

2
∙ 𝑢 
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2.5.3 LBM 1 Test – Capillary suction (water uptake) 

This description is based on Annex M/ Annex file 1 

  

The Laboratory of Building Materials
7
 (LBM) experiment number 1 is made in order to 

determine the capillary suction of materials – water uptake coefficient 

 

In order to determine the water uptake coefficient a minimum of five test samples are 

weighted and the surfaces of the samples are submerged into water ensuring that the 

water level is 2-3 mm up the sides of the sample. The samples are placed on small trian-

gular brass supports ensuring that as much of the surface is able to suck the water.      

The samples are then weighted at different intervals following an estimated exponential 

development (1 min, 2min, 4 min, 8 min, 16 min, 32min, 1 hour, 2 hour, 4 hour, 8 hour, 

16 hour, 24hour, 48 hour, 96 hour). A total of 14 measurements are made.  

The test assumes that water is only sucked into the sample through the submerged sur-

face.  

The water uptake is found by generalising the amount of water sucked per area per sec-

ond (𝑄). This is calculated by subtracting the measured dry weight (𝑚50) from the 

measured wet sample (𝑚𝑡) and divided by sample area (𝐴𝑠): 

𝑄 =
𝑚𝑡 − 𝑚50

𝐴𝑠
 

At least four of the first measured points and four last measured points are used to make 

a generalized development. The two generalised linier equations are used to find the 

time where they cross each other as shown in Figure 2-14: 

 

𝑡𝑐𝑎𝑝 = 𝑥 =
𝛽1 − 𝛽2

𝛼2 − 𝛼1
 

Based on the break point absorption time (𝑡𝑐𝑎𝑝), it is possible to find the corresponding 

mass per suction area (𝑄𝑐𝑎𝑝). The error time (𝑡𝑒𝑟𝑟𝑜𝑟) is found based on the decline of the 

                                                 
7
 Danish: Laboratoriet for Bygningsmaterialer 

 

Figure 2-14  (LBM1, 1989) Diagram of mate-

rials suction development. 
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characterised linier equation of the four first points. It is possible to find the water up-

take coefficient ( 𝐴𝑤) based on the following equations:    

 

𝑄𝑐𝑎𝑝
2 = 𝐴𝑤

2 ∙ (𝑡𝑐𝑎𝑝 − 𝑡𝑒𝑟𝑟𝑜𝑟) 

 

𝐴𝑤 =
𝑄𝑐𝑎𝑝

√𝑡𝑐𝑎𝑝−𝑡𝑒𝑟𝑟𝑜𝑟

 

 
 

𝑄 𝑀𝑎𝑠𝑠 𝑤𝑎𝑡𝑒𝑟 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒 𝑝𝑒𝑟 𝑚2 𝑠𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎 [
𝑘𝑔

𝑚2
]  

𝑄𝑐𝑎𝑝 𝐵𝑟𝑒𝑎𝑘 𝑝𝑜𝑖𝑛𝑡 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑎𝑠𝑠 𝑤𝑎𝑡𝑒𝑟 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒 𝑝𝑒𝑟 𝑚2 𝑠𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎 [
𝑘𝑔

𝑚2
]  

𝑚𝑡 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑡𝑖𝑚𝑒 𝑠𝑡𝑒𝑝 [𝑘𝑔] 

𝑚50 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦 𝑡𝑒𝑚𝑝𝑎𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 50°𝐶 [𝑘𝑔] 

𝐴𝑠 𝑆𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎 [𝑚2] 

𝑡𝑐𝑎𝑝 𝑇𝑖𝑚𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑏𝑟𝑒𝑎𝑘 𝑝𝑜𝑖𝑛𝑡 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 [𝑠] 

𝑡𝑒𝑟𝑟𝑜𝑟 𝑇ℎ𝑒 𝑡𝑖𝑚𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑠𝑡𝑎𝑟𝑡 [𝑠] 

𝛼1, 𝛼2 𝑆𝑙𝑜𝑝𝑒 𝑜𝑓 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑧𝑒𝑑 𝑙𝑖𝑛𝑖𝑒𝑟 𝑙𝑖𝑛𝑒𝑠 [
𝑘𝑔

𝑚2ℎ
] 

𝛽1, 𝛽2 𝐴𝑑𝑑𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑧𝑒𝑑 𝑙𝑖𝑛𝑖𝑒𝑟 𝑙𝑖𝑛𝑒𝑠 [
𝑘𝑔

𝑚2
] 

𝐴𝑤 𝑊𝑎𝑡𝑒𝑟 𝑢𝑝𝑡𝑎𝑘𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [
𝑘𝑔

𝑚2𝑠
1
2

] 
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2.5.4 LBM 2 Test – Porosity and Density 

The description is based on Annex N/ Annex file 1   

 

In order to determine the porosity and density of the materials the samples are put into 

an exicator and the air is pumped out using a vacuum pump. 

Water is added to the exicator.  As a consequence of the pressure difference water will 

be sucked up into all the open pores of the test materials. By subtracting the mass of the 

sample submerged in water (𝑚𝑠𝑤) by the mass of the sample when weighted above 

water (𝑚𝑠𝑠𝑑) and divided with the density of water (𝜌𝑤) the volume (𝑉): of the material 

is found: 

𝑉 =
𝑚𝑠𝑠𝑑−𝑚𝑠𝑤

𝜌𝑤
 

 

 

The samples are then dried out in an oven at 105°C and then left to cool down in an 

exicator till room temperature at ~20°C. Then the mass (𝑚105) is determined. Based on 

the volume and mass after 105°C, the density(𝜌𝑑𝑟𝑦) can be determined: 

 

 

It is then possible to calculate the porosity (𝑝𝑝𝑜𝑟).  This is done based on the mass of the 

saturated sample (𝑚𝑠𝑠𝑑) subtracted by the dry sample (𝑚105 ).  This gives the mass of 

the water in the sample. By dividing the mass of the water with the density of water, the 

volume of the water (and there by pores) is found. By dividing the whole volume with 

the pores volume it is possible to find the porosity of the open pores:  

 

 

 

 
𝑚𝑠𝑠𝑑 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑏𝑜𝑣𝑒 𝑤𝑎𝑡𝑒𝑟  [𝑘𝑔]  

𝑚𝑠𝑤 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑢𝑏𝑚𝑒𝑟𝑔𝑒𝑑 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 [𝑘𝑔] 

𝜌𝑤 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 [
𝑘𝑔

𝑚3
] 

𝑇𝑤 𝑇𝑒𝑚𝑝𝑎𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 [𝑘𝑔] 

𝑚105 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑑𝑟𝑖𝑒𝑑 𝑎𝑡 105°𝐶 [𝑘𝑔] 

𝑉 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 [𝑚3] 

𝑉𝑝𝑜𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑟𝑒𝑠 [𝑚3] 

𝑝𝑝𝑜𝑟 𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 𝑜𝑓 𝑜𝑝𝑒𝑛 𝑝𝑜𝑢𝑟𝑒𝑠 [−] 

 

  

𝜌𝑑𝑟𝑦 =
𝑚105

𝑉
 

𝜌𝑤 = 1000.6 − 0,0128 ∙ 𝑇𝑤
1.76 

𝑝𝑝𝑜𝑟 =
𝑉𝑝𝑜𝑟

𝑉
 𝑉𝑝𝑜𝑟 =

𝑚𝑠𝑠𝑑 − 𝑚105

𝜌𝑤
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2.5.5 DCS – Destructive capillary suction method 

The Destructive Capillary Suction (DCS) is based on investigation made by (Nielsen, 

1976) and the “Slice-dry-weigh –method”/profile method (Janz, 1997)  

This section describes the theory of the test. 

 

The DCS method is made in order to determine a representative value for the moisture 

diffusivity (Dw) of a material and get an indication on how the waterfront develops in 

the material over time. This is an indication on how well the moisture is transported 

through the material.  

 

Dw factor is determined based on the development of the wet-dry ratio (u).  

The change of mass flow rate (gw) between two time steps is divided by the average 

change rate of moisture content (wet-dry ratio) (αw) at the initial position.  

 In order calculate the Dw factor its necessary first to weight and determine the wet-dry 

ratio and then using the wet-dry ratio to characterise a representative curve for each time 

step of measured wet-dry ratio.  

The characterised equations are then used to calculate the mass flow rate (gw) and the 

change rate of moisture content (αw) between each time step. 

Finally Dw can be determined between each time step through the material. 

 

2.5.5.1 Description of calculation of moisture diffusivity, Dw 

 

The method resembles in many ways the LBM 1 method (section 2.6.4 ) and is very 

similar to the “Slice-dry-weigh –method”/profile method (JANZ, 1997).  

 

By weighting both the wet and the dry weight of each small piece it is possible to de-

termine the wet-dry ratio (u) (Gottfredsen & Nielsen, 2008):  

 

u =
mwet − mdry

mdry

 

 

To each time step all 7 values of wet-dry ratios are plotted against the distance from the 

submerged surface (height of sample) (Figure 2-15). 

Dw =
gw

αw

= −
1

dt

∫ (ut0+dt(x) − ut0(x))dx
x=xl

x=x0

∂u0

∂x0

 

Equation 1 (Janz, 1997) profile method, equation of moisture diffusivity: 
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Figure 2-16 Diagram of moisture percentage in part of sample. 

 

 

The factor is found by the dry-wet ratio area in between two time step 𝑢𝑡0+𝑑𝑡 − 𝑢𝑡0(𝑥)  

which is divided by the average slope (𝛼) at the observing cut point x0 (Figure 2-16). 

 

In order to find the increase in area, the measured points for each time step per sample is 

simplified as a single equation.  

The single points for each time step is used to determine a characterised equation 

(𝑢𝑡0+𝑑𝑡(𝑥) 𝑎𝑛𝑑 𝑢𝑡0(𝑥) ) for wet-dry ratio development by the use of non-linear regres-

sion using an appropriate mathematical program. A website (Xurus, 2015) can be used 

as a recommendation. 

The equation is then tested and used in the program Maple. 

The equation is then integrated in order to calculate the area (gw mass flow rate): 

 

gt0+dt = ∫ (ut0+dt(x))dx
x=xl

x=x0

    gt0 = ∫ (ut0(x))dx
x=xl

x=x0

 

 

 

Figure 2-15 Illustration of wet/dry ratio plotted against the height of the sample.    
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By subtracting the area (mass flow) of the two time step per samples the change of 

masse flow is calculated. 

𝑔𝑤_𝑑𝑡 = 𝑔𝑡0+𝑑𝑡 − 𝑔𝑡0 

The change rate of moisture content (𝛼𝑥𝑥2 𝑎𝑛𝑑 𝛼𝑥𝑥1) is calculated by differentiating the 

characterised wet-dry ratio equation.  

𝛼𝑡0+𝑑𝑡 = 𝑢(𝑥)
𝑡0+𝑑𝑡

𝑑𝑢

𝑑𝑥
               𝛼𝑡0 = 𝑢(𝑥)

𝑡0

𝑑𝑢

𝑑𝑥
 

 

The mass flow (𝑔𝑤_𝑑𝑡) is then divided by the average change rate of moisture content of 

the relevant time step (αw). The  

α𝑤_𝑑𝑡 =
𝛼𝑡0+𝑑𝑡 + 𝛼𝑡0

2
 

 

The moisture diffusivity (𝐷𝑤_𝑑𝑡) is then possible to calculate for the varying position of 

sample.  

𝐷𝑤_𝑑𝑡 =
𝑔𝑤_𝑑𝑡

𝛼𝑤_𝑑𝑡
 

The moisture diffusivity (𝐷𝑤_𝑑𝑡) is then plotted against the average percentage of mois-

ture in the material (𝑢𝑤_𝑑𝑡)  

 

𝑢𝑤_𝑑𝑡 = (
𝑢𝑡0+𝑑𝑡 + 𝑢𝑡0

2
) 

Where:  

 

𝑚𝑤𝑒𝑡 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 [𝑘𝑔] 

𝑚𝑑𝑟𝑦 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 [𝑘𝑔] 

𝛼𝑡0+𝑑𝑡, 𝛼𝑡0 𝑆𝑙𝑜𝑝𝑒 𝑜𝑓 𝑐𝑢𝑟𝑣𝑒 𝑢𝑡0+𝑑𝑡 𝑎𝑛𝑑 𝑢𝑡0 

𝑔𝑡0+𝑑𝑡, 𝑔𝑡0 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐𝑢𝑟𝑣𝑒 𝑢𝑡0+𝑑𝑡𝑎𝑛𝑑 𝑢𝑡0 

𝑔𝑤_𝑑𝑡 𝑀𝑎𝑠𝑠 𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑐𝑢𝑟𝑣𝑒 𝑢𝑡0+𝑑𝑡 𝑎𝑛𝑑 𝑢𝑡0 

𝑔𝑤 Change of Mass flow rate [kg/(m
2
s)] 

α𝑤_𝑑𝑡 Change rate of moisture content [kg/(kgm)] 

𝑥𝑙 Length of sample [m] 

𝑥0 Measuring point of sample [m] 

𝑢0 Wet dry ratio of measuring point [kg/kg] 

𝑢𝑡0+𝑑𝑡 Function of wet-dry ratio development 

𝑢𝑡0 Function of wet-dry ratio development 
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2.6 Theoretical investigation - Delphin 

The investigation is based on findings of the thermal- and moisture properties and then 

used to simulate a wall structure in the program Delphin.  

Delphin is used instead of a traditional Glaser method (Annex O). The Glaser Method 

can only make a conservative calculation of whether condensation may occur.  

 

Following factors are assumed to be the most significant material parameters (from 

Delphin). The methods/standards to obtain the values are also present: 

 

𝜆 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑑𝑟𝑦 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 [
𝑊

𝑚𝐾
]  

 𝐺𝑢𝑎𝑟𝑑𝑒𝑑 ℎ𝑜𝑡 𝑝𝑙𝑎𝑡𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 − 𝑝𝑟𝐸𝑁 12664: 1996 

𝜌 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑒𝑙 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑝𝑜𝑟𝑒𝑠 [
𝑘𝑔

𝑚3
] 

 𝐿𝐵𝑀 − 2 𝑚𝑒𝑡ℎ𝑜𝑑 

𝐴𝑤 𝐿𝑖𝑞𝑢𝑖𝑑 𝑤𝑎𝑡𝑒𝑟 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑎𝑡 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 [
𝑘𝑔

𝑚2𝑠05
] 

 𝐿𝐵𝑀 − 1 𝑚𝑒𝑡ℎ𝑜𝑑 

𝜇 𝑊𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 𝑑𝑖𝑓𝑓𝑢𝑠𝑠𝑖𝑜𝑛 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 [−] 

 𝐶𝑢𝑝 𝑡𝑒𝑠𝑡 − 𝐷𝑆/𝐸𝑁 𝐼𝑆𝑂 12572  
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3  
METHOD 

The following chapter will contain information on how the different investigations are 

carried out and the assumptions made during this processes. The chapter will not con-

tain any results but state the reasoning for changes when these are made.  

The chapter is divided into the following sub-sections:  

 

 Foam Concrete recipe investigation 

 Full Scale experiment – Cooling Chamber 

 Material Properties 

 Theoretical investigation – Delphin  
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3.1 Foam Concrete Recipe Investigation 

The following section will describe the process and method in the production of low 

density foam concrete for internal insulation. The section also contains description of 

the initial testing procedure and the used equipment. 

3.1.1 Equipment 

3.1.1.1 Foam Equipment  

Within this project foam concrete is produced using the LithoPore Small scale equip-

ment from Dr. Lucá & Partner- Ingenieurkontor GmbH.  A detailed description of the 

equipment is found in (Annex P). 

In the start of the project the equipment was delivered and had to be assembled. The 

figures (Figure 3-1 - Figure 3-3) below show the equipment.   

 

 

Figure 3-1 “LithoPore® 

Mixer 100”- A specially 

adapted concrete mixer 

with individually adjusted 

arms.    

 

Figure 3-2”Foam Generator FG III” 

Compressor. The compressor is connect-

ed to the foam hose.   

 

Figure 3-3 The foam equipment put 

together on a pallet. The compressor 

is placed below the “table” the two 

barrels contain the different liquids 

(foaming agent and networkformer). 

The equipment has different settings. Within this project the recommended settings in 

accordance with the user’s guide (Annex P) are used. These are NOT changed ones set. 

The settings are shown in Table 3-1.  

 

Table 3-1 Foam equipment settings used within this project. 

Dilution Valve Setting 2.5 

Foam Generator (Operation mode) CONT. = Continues 

Air and Dilution Valves (On foam hose)   Fully Open 

 

In order to produce foam concrete a lot of other basic equipment is needed. A full list is 

found in (Annex Q).  
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3.1.2 Products and Chemicals  

 

The list of products and chemicals used in the process are stated in Table 3-2 below: 

Table 3-2 List of the different products used in the mixing of low density foam concrete. 

PRODUCT / CHEMICALS RETAIL NAME NOTE 

Ordinary Cement RAPID Aalborg Cement Annex R 

Foam Liquid LithoFoam SL- 200-L Annex S 

Additive (Networkformer) LithoFoam NWF-S Annex T 

Aggregate Europerl Perlite 

(Nordisk Perlite Aps, 2015) 

Only one mix was tested 

Product Grain size 0 – 6 mm 

  

3.1.2.1 Quantities and Ratios  

In Table 3-3 is shown the quantities and mixing ratios used of the different substances.  

The quantities are based on the recommendations stated in Table 2-3 section 2.3.2.1. 

 
Table 3-3 List of quantities and ratios used within this project. 

RATIO QUANTITY UNIT FIXED / VARIABLE 

Water / Cement (
W

C
) 

1

2
 

kg

kg
 F 

Foaming Agent / Water (
SL200

w
) 

1

33
 

kg

kg
 F 

Networkformer / Cement (
NWF

C
) 

1

50
 

kg

kg
 F 

 Cement / Foam  (
C

FOAM
) 0.24 − 0.08 

kg

L
 VAR 

 

The varying factor within the production of the Low Density foam concrete is the ratio 

between Cement and Foam. 

The water/cement ratio is only based on the initial mixing of cement paste. Therefore 

the liquid within the foam and the added NWF-S is not taken into account.   

3.1.3 Production Procedure 

The following section contains a general guide of the production procedure for Low 

density Foam Concrete.  

A specific guide in producing the best suited Foam Concrete developed within this pro-

ject is found in (Annex U) and the recipe is found in section 4.1.2.  

 

3.1.3.1 Safety 

The production requires use of machinery and products where safety datasheets must be 

read carefully before start and necessary precautions are taken. 
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3.1.3.2 Recipes 

An overview of the different recipes used within this project is found in Annex V 

/Annex file 2. The recipes are adjusted based on the visual appearance and density of 

the samples (more in section 3.1.4). The time of mixing should be taking into considera-

tion and is also found in Annex V/Annex file 2.  

A thorough description of the recipes and the samples are found in Annex W 
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3.1.3.3 Step – by – Step 

 Cement, Water and NWF-S is weighted according to 

the specific recipe. (Annex V) 

 Water and NWF-S is mixed together in a bucket 

(Figure 3-4). Cement is added and the blend is mixed 

into a uniform cement paste.  

 The Cement paste is poured into the mixer (Figure 3-1) 

and the mixer switched on.  

 Foam liquid is mixed together in a clean bucket. The 

mixture consists of SL-200-L and water using the ratio 

from Table 3-3. 

 Foam is generated using the foam equipment (Figure 

3-3). The foam liquid is sucked through a filter and 

sent through the dilution pump. Compressed air and 

liquid merges in the foam hose creating light and 

strong foam. Filters within the foam hose ensure uni-

form foam. 

 The foam is measured (volumetric) and added to the 

mixer containing cement paste (Figure 3-5). The 

amount of foam depends on the ratio from Table 3-3.   

 The mixer is left running for some time. At intervals 

part of the mix is taken from bottom and added to the 

top in order to minimize layering (Figure 3-6). At the 

same intervals the mixer is stopped and the bottom 

scraped (using a dough scraper). This is done to loos-

en cement paste that gets stuck. 

 Moulds of appropriate sizes are sprayed with a non-

stick coating. 

 The finished foam concrete is taken from the bottom 

of the mixer and added to the moulds (Figure 3-7). A 

thin plastic foil is used to cover the sample. 

 The samples are left to cure for 3 days before taken 

out of the mould.  

 The samples are then wrapped in plastic foil and dries 

for an additional 27 days.  

 The samples are then unwrapped and placed in an ov-

en for 24 hour at 105°C. 

 The samples are then placed in a room to obtain room 

temperature. 

 

Figure 3-4 NWF-S added to 

the water 

 

Figure 3-5 Foam added to 

mixer. 

 

Figure 3-6 Foam concrete 

taken from the bottom. 

 

Figure 3-7 Foam concrete 

added to mould. 
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3.1.4 Test Criteria 

As material testing is a time consuming procedure simple hands on tests are made to 

establish whether a sample is suited for further investigation. 

3.1.4.1 Visual Assessment   

A criterion for a durable product is that it should be able to stay together and be man-

ageable. If samples at some stage do not comply with this assessment they are discard-

ed.   

3.1.4.2 Density registration  

All samples are weighted ones every day for a 30 day period to investigate the drying 

process. The mass of a sample is then used to determine the density of the sample (An-

nex X/ Annex file 2)  

The density is based on the measurements of moulds.  

Knowing that lower densities will lead to lower thermal conductivity this is a simple 

approach to establish which recipes to pursue.  

If some of the samples have promising low densities and/or stability they can be put in 

an oven at 105°C to force out the remaining moisture in the sample.   

  

3.1.4.3 Initial determination of thermal conductivity  

By the use of a digital measuring device Isomet 2104 it is possible to quickly determine 

the thermal conductivity as a first measure. The Isomet measures on a relatively small 

area and therefore more measurements are required.  

 

The thermal conductivity measured with the Isomet is based on a minimum of three 

determinations per tested sample.       
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3.2 Full Scale experiment – Cooling chamber 

The following section describes how the full scale experiment is performed with the use 

of refrigerators. The section contains design and construction of the test setup and how 

and where measurements are carried out. The section contains initial investigations car-

ried out in the process. 

3.2.1 Test Setup  

The experiment is performed within a room where radiators keep the temperature about 

20°C and a humidifier ensures that the relative humidity is kept at approximately 60%. 

The temperature and humidity within the room is logged during the experiment. 

A sketch showing the placement of refrigerators, test rigs with walls, radiators and hu-

midifier is seen in Figure 3-9. A section of the test rig assembly is shown in Figure 3-8. 

 

3.2.2 The cooling chamber – Refrigerator  

3.2.2.1 Initial temperature and humidity registration 

A Cooling chamber is based on an ordinary refrigerator “MIELE K 11820SD.”   

The initial temperatures and humidity within the refrigerator are logged with the use of 

HOBO loggers to determine how far the measured values are from the goal of approxi-

 

Figure 3-8 Drawing of the test setup. Controls, 

sensors and logging equipment are not displayed. 

 

 
Figure 3-9 Sketch of the room with cooling 

chambers.   
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mately RH=90% and a temperature about 3°C as mentioned earlier in section 2.4.1.1. 

Data is collected at all three wall positions within the refrigerator.     

There are made several of measurements in different positions and with different varia-

tions to them. All are found in Annex Z. In Table 3-4 are shown the initial measurements 

of temperature and humidity within the refrigerator.  

Table 3-4 Initial measurement of temperature and relative humidity within the refrigerator. 

 Upper part  Centre part  

Temperature: [°C] ~3.5 (1.8-5.2) ~3.2  (1.2-5.2) 

Relative humidity [%] ~ 63  (48-78) ~62.5 (50-75) 

3.2.2.2 trolling the temperature and relative humidity 

3.2.2.3 Controlling the temperature and relative humidity 

From the initial measurement (Table 3-4) it is seen that the humidity within the refrigera-

tor is too low and that temperature fluctuation are too high.   

 

Firstly the temperature fluctuations are addressed.  

 

Different settings of the refrigerator have no effect on the fluctuations as the hysteresis 

of the thermostat is ±2°C regardless of the chosen setting.  

The solution is to control the temperature using a temperature regulated on/off switch 

Sygonix® room thermostat (Sygonix, 2015). 

This controller is set to switch the power of refrigerator on and off at the temperatures 

shown in Table 3-5. 

Table 3-5 Temperature controller set values. 

Set Temperature 3°C ON Temperature 3.2°C OFF Temperature 2.8°C 

    

In order to ensure that the original thermostat of the refrigerator is inoperative it is 

placed outside the cold chamber (Figure 3-10). This will induce a constant cooling hence 

running of the compressor until the power is switched off by the controller (Figure 3-11).  

 
 

Figure 3-10 Placement of original thermo-

stat. 
Figure 3-11 Schematic of the cooling chamber controls. 
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In order to achieve the required humidity within the refrigerator the intension is to use 

the salt KNO3 as described earlier in section 2.4.1.5.  

The issue however is that the built up moisture within the chamber condense on the 

cooling surface.  

 

An investigation of the cooling surface temper-

atures is carried out.   

 

The temperature of the cooling surface is de-

termined manually (Figure 3-12) with the use of 

a thermocouple placed in the upper and lower 

part of the surface in order to measure an 

on/off cycle of the refrigerator. The measure-

ments are seen in Figure 3-13 and Figure 3-14.  

 

      
Figure 3-13 Temperature (blue) and Humidity 

(Green) in the middle of the refrigerator and the 

TOP cooling surface temperature (red). 

Figure 3-14 Temperature (blue) and Humidity 

(Green) in the middle of the refrigerator and the 

BOTTOM cooling surface temperature (red). 

 

From this mini investigation it is clearly seen that temperatures drop way blow -10°C 

meaning that the use of a salt solution is meaningless as the built up moisture level is 

unlikely to reach values higher than 90% without condensing.  

 

Since condensation is unavoidable the use of plain 

demineralized water instead of the saturated salt is 

a better solution since this will not dry out as 

quickly. 

In order to prevent high fluctuations of relative 

humidity within the refrigerator 4 fans are placed 

in pairs of two along the cooling surface to induce 

increased convection hence lowering condensa-

tion (Figure 3-15). 
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Figure 3-12 Manual logging of time, 

Temp. and RH within the refrigerator. 

 
Figure 3-15 A pair of fans mounted 

to a wooden structure. Air is chan-

nelled along the cooling surface.  
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3.2.2.4 Measurements in the refrigerator  

The temperature and relative humidity is measured in 

the middle of the refrigerator using the HYT-221 digi-

tal sensor (Figure 3-16). The sensor is assembled and 

calibrated as described in Annex AA. 

The thermostat of the temperature controller is placed 

in the same level.  

In order to get the measuring devises into the refrigera-

tor a hole is drilled in the side and afterwards filled 

with soft insulation and silicone. 

3.2.3  Testing rigs  

A test rig consists of a wooden structure with three masonry walls positioned as shown 

in Figure 3-8. A total of three rigs are used within this project.  

3.2.3.1 Masonry walls  

Each masonry wall is 1.5 bricks thick and 5 layers high. The masonry is put together 

with the use of a lime mortar. In Table 3-7 is shown a list of the actual materials used.    

The dimensions of each masonry wall are shown in Table 3-6.  

The bricks are laid in cross bond.   

Table 3-6 Dimensions of the masonry walls including lime mortar render on the interior side. The dimen-

sions are based on the standard dimensions and not the actual ones. 

Width [mm] Depth [mm] +Lime mortar render[mm] Height [mm] 

348 348 +12 330 

 

In order to measure the temperature and humidity through the masonry walls HYT-221 

sensors need to be placed within the wall. The sensors are retrofitted after the construc-

tion of the walls due to the assembly and calibration of the sensors (Annex AA).  

In order to insert the sensors into the right measuring point within the walls holes are 

drilled (Figure 3-17) in the bricks and 16 mm plastic tubing is inserted (Figure 3-18) to 

avoid mortar filling the holes during the laying of the bricks. 

 

Since the masonry walls are constructed before the rigs are built the lower insulation 

board, vapour barrier and tar paper will have to be placed on a thick wooden plate be-

fore bricks are laid. The result is seen in Figure 3-19. The sensors are placed in the middle 

layer of the walls.  

As the walls are constructed off-site (in a tent) they will also have to be placed so that 

they eventually can be moved to the final destination within the measuring room.  

 

The walls are left to dry in the tent for about 6 weeks. 

    

 

Figure 3-16 HYT-221 sensor with 

cable attached. Used to measure 

temperature and relative humidity.   
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Figure 3-17 Holes are drilled in 

the bricks to insert the HYT-221 

sensors. 

Figure 3-18 Plastic tubing is cut 

so that it can be pushed into the 

holes during the laying of bricks 

to avoid mortar filling the holes. 

Figure 3-19The walls are placed 

on a wooden plate, insulation 

board, vapour barrier and tar 

paper. The interior side is ren-

dered. The plastic tubing is re-

moved ones the mortar has 

hardened. 

 

3.2.3.2 Wooden rigs 

The wooden rigs are constructed so they are capable of carrying the three masonry walls 

and all the necessary insulation that is fitted around the walls to create adiabatic bounda-

ry conditions. In order to ensure access to the chamber within the refrigerator the rigs 

are fitted with wheels so they are movable. The refrigerator door is detached from the 

refrigerator and mounted to the wooden rig structure.  

 

A short description of the construction of the wooden rigs is presented below:  

 

The sides of the rigs are the first ones to be made. They are simple frames with an added 

cross brazing to ensure stability (Figure 3-20).   

Rafters for wheels are fitted to the bottom of the side frames (Figure 3-21).  

The sides are put together in the bottom and the top forming a 3-dimensional frame 

structure (Figure 3-22).  

 

    
Figure 3-20 

Frame side of the 

wooden rig. 

Figure 3-21 Frame 

sides with added rafter 

at the bottom for 

wheels. 

Figure 3-22 Frames are 

mounted together in the 

top and bottom. 

Figure 3-23 Wheels. Sta-

bilizing boards and plate 

rafters are mounted. 

Wheels are mounted on either side of the frame. Three wheels on each side.  
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In order the ensure stability of the frame diagonal boards are mounted on either side of 

the rig.  

Rafters that eventually will carry the plates with the masonry walls are also mounted 

(Figure 3-23). 

Supports are mounted that will carry and fixate the refrigerator door.    

 

Since the rigs are higher than the refrigerators these are lifted off the ground and placed 

on purpose built supports ensuring that the door and chamber will aligned ones closed. 

This is illustrated on Figure 3-8.   

3.2.3.3 Joining the parts 

Ones the rigs are constructed and the masonry walls have dried for a period they are 

ready to be joint.  

The walls are moved from the tent and positioned on the rafters on the wooden rigs 

(Figure 3-24). 

The plastic tubing is removed and sensors are placed within the holes and sealed with 

silicone (Figure 3-25).  

A grove is scratched in the surface of the lime mortar render and a sensor is positioned 

in the centre of the wall. The mortar is repaired covering up the sensor (Figure 3-26).    

 

   

Figure 3-24 The first wall is 

positioned on the wooden rig. 

Figure 3-25 The sensors are 

placed within the pre-drilled 

holes and the holes are sealed 

with silicone afterward. 

Figure 3-26 A HYT-221 sensor is 

placed in the surface of the lime 

mortar render. The render is re-

paired afterward. 

 

The vapour barrier is wrapped around the wall and thoroughly taped along the edge. 

Insulation is packed around each wall. (Figure 3-27)  

The position of the walls is marked on the refrigerator door and holes are cut (Figure 

3-28). 

The door is fitted to the rig and the vapour barrier is pulled through the hole and tightly 

taped along the edges (Figure 3-29). 

The large gap between the refrigerator door and the wooden rig is packed with soft min-

eral wool. The smaller gaps are filled with expanding foam (PUR-foam).  
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Figure 3-27 Vapour barrier is 

taped along the edges and insula-

tion is placed around. 

Figure 3-28 Holes are cut 

in the refrigerator door. 

Figure 3-29 The door is 

fitted to the wooden rig 

and the vapour barrier is 

taped on the inner side.  

   

The drain hole within the refrigerator is clouded to minimize air leakages. Since con-

densation will occur along the cooling surface water will accumulate in the drain cutter. 

A new channel made from vapour barrier tape will drain the water into a tray below 

(Figure 3-30).    

Hinges are mounted to the door and the refrigerator (Figure 3-31) ensuring a tight fit 

when the wooden rig is pushed in place (Figure 3-32).  

 

  

 
Figure 3-30 Drain cutter made from 

vapour barrier tape. 

Figure 3-31 Hinges. Two on 

either side of the refrigerator 

ensures a tight fit between the 

door and the cold chamber. 

Figure 3-32 The rig pushed in 

place in front of the refrigera-

tor. 

 

3.2.3.4  The test Samples and finished treatment 

The test samples of Multipor and Foam Concrete are cut in the dimensions: 300 ∙ 300 ∙

100 𝑚𝑚.  

Two holes are drilled in each of the samples. The drill has a diameter of Ø16 mm and 

the centre of the hole is positioned 18 mm from the edge.  

The holes are drilled from either side of the sample to a depth of 100 mm (Figure 3-33).  

The measurement are shown earlier in the drawing Figure 2-8.  

The reason for the displacement of the sensors is due to the relatively thin sample com-

pared to the size of the sensor. If both are placed at the same side of the sample the 
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amount of insulating material in-between the sensors is assumed to be too little for reli-

able results.  

 

Dust from the holes is blow out with the use of compressed air (Figure 3-34).  

Sensors are placed in the samples and the holes are sealed with the use of silicone 

(Figure 3-35).  

 

Ones the lime render has dried the insulation samples are glued to the interior side of the 

test walls using the Multipor Light Mortar. The samples are then surface treated in ac-

cordance with the description found in the guide from the manufacture (Annex B). A 

layer of Multipor Light Mortar render – A net – and finally another layer of light mortar 

render. (Figure 3-36) 

 

The surfaces are then treated with different coats of paint using two different paint 

types. One type being an ordinary paint Flügger Flutex 5 and another being the diffu-

sion open from Keim (Annex J). 

Some walls are treated with 2 coats and other with 4. Which walls that are giving which 

treatment are seen in(Figure 4-7). 

 

   
Figure 3-36 The test samples are 

rendered with the light mortar.  

Figure 3-37 The render is paint-

ed and the vapour barrier fitted. 

The gap between the sample and 

hard mineral wool is filled with 

a soft mineral wool  

Figure 3-38 All HYT-221 sen-

sors are connected. A computers 

logs data from all the sensors. 

   

Figure 3-33 Holes are drilled on 

either side of the sample. The 

sample is ensured to be level. 

Figure 3-34 Compressed air is 

used to blow out dust from the 

holes.  

Figure 3-35 Sensors are feed into 

the holes from either side and the 

holes are sealed with silicone. 
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Finally the vapour barrier is packed around the insulation samples and taped to the sur-

face of the sample. Soft mineral wool is packed in-between the sample and the hard 

mineral wool boards (Figure 3-37).   

 

All the sensors are connected to the logging equipment (Figure 3-38).     
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3.3 Material properties 

The following section will describe the method and procedure behind the different ma-

terial property experiments carried out. The sample sizes, preconditioning and equip-

ment used is also described. 

 

3.3.1 The Investigated Materials 

The different materials that are tested are described in Table 3-7. Not all materials are 

tested within all experiments.  

 

Table 3-7 List of the different materials tested within the Material Properties investigation. 

Material Retail Name and Manufacturer NOTE: 

Brick 
2.1.15 GUL Blødstrøgne – from 

Egernsund Tegl – Helligsø Teglværk 

 

(Annex BB) 

 

Lime Mortar 
Bakkemørtel 7.7 % 0-4mm – from 

Wewers Mørtel Ingelsø 

Both Carbonated and NON-

carbonated samples are 

tested. 

(Annex CC) 
“Multipor” (ACC

8
) YTONG Multipor –from XELLA (Annex A)  

Foam Concrete Self-developed (Annex V) 

Gypsum Board Beklædningsplade GB 13  - from Gyproc 

The board is tested in order 

to determine the diffusion 

resistance of different coats 

of paint as described in 

section 2.5.1.1 

(Annex DD) 

Paint Flügger Flutex 5 -  from Flügger (Annex K) 

Primer 
Flügger Forankringsgrunder - from 

Flügger 
(Annex L) 

 

  

                                                 
8
 ACC – Autoclaved Cellular Concrete 
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3.3.2 Cup Experiment - Determination of water vapour transmission 

properties 

The description is based in the standard (DS/EN ISO 12572, 2001). The necessary for-

mulas are stated earlier in section 2.5.1   

3.3.2.1 Preparation – Size of samples  

The samples needed for the cup experiment are prepared in dimensions that will fit 

within the test camber and the cups. Dimensions are found in Table 3-8.   

Table 3-8 – Dimensions of samples used in the cup experiment 

Thickness of sample 
d < 35 mm 

Height restrictions within the test chamber. 

Diameter of sample 

~ 80 mm 

The sample may be larger up to 100 mm, however 

then correction for the masked edges is needed. 

Refer to (DS/EN ISO 12572, 2001)  

 

As the materials have different characteristics they are prepared differently. 

Some samples are drilled out and others are casted. The casting will give better accura-

cy and is recommendable. Unfortunately many samples are made from existing products 

meaning that drilling out the sample is the only option.  

In Annex EE is shown how the different samples are made. 

 

3.3.2.2 Preparation – Sealing the samples 

The sealing of the samples is necessary if correction for masked edges is avoided.  

 

The samples need to be sealed along the edges in order to ensure that the vapour 

transport only happens through a specific area of the material.  

 

Within this project two methods are used in terms of sealing the samples. The methods 

are shortly described in Table 3-9.    

 

Table 3-9 Two different ways of sealing the samples for the cup experiment. 

Sealing with EPOXY 

This way of sealing is the most recommendable one as the Epoxy is very 

diffusion tight.  

Should be used for materials with very small pores. There is a risk that 

the epoxy may fill larger pores on the surface.  

NOTE: The use of Epoxy needs training / guidance.  

Sealing with SILICONE 

This way of sealing is ONLY recommended for materials with large 

pores. The sealing is difficult to get completely vapour tight due to the 

structure of the relatively thick silicone.  
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Figure 3-40 Enclosed test cham-

ber. 

 

In order to get the samples to fit in the cups (Figure 2-10) they need to be placed within 

an acrylic ring with an outer diameter of 100 mm. The acrylic rings are cut in heights 

corresponding to the thickness of the specific sample.       

The sample and acrylic ring is bond together using one of the two methods from Table 

3-9.  

A detailed sealing guide for the two sealing methods (Table 3-9) is shown in Annex FF. 

3.3.2.3 Equipment 

Test Chamber 

The cup experiment needs an enclosed and controlled test chamber fulfilling the re-

quirements stated in the international standard (DS/EN ISO 12572, 2001). These are 

mentioned earlier in section 2.5.1. Figure 3-39 shows the test chamber facilities at DTU 

BYG. 
 

 

Scale and reference weight 

Within the test chamber is placed a scale that can determine the mass of the cups. (Figure 

3-40) Before every single measurement of the mass of the cups a reference weight is 

used to calibrate the scale.   

The scale has a precision of 0.001 g and the mass of the reference weight is 500.000 g.    

A variation of ±0.003 g of the reference weight is found to be acceptable. If the differ-

ence is higher the scale is calibrated until the precision is within the tolerance.    
 

Logging Computer and Data 

A Computer keeps track of time, relative humidity, temperature and mass of the cups 

ones weighted.  

 

Figure 3-39 Test Chamber facility for cup experiment at DTU BYG 
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The barometric pressure is also logged. This value is however not calibrated and there-

fore unreliable.  Instead values from DMI are used. The barometric pressures used dur-

ing this project are placed in (Annex GG).   

 

3.3.2.4 Preparing the cups 

Within this project the wet-cup experiments are carried out according to the standard 

(DS/EN ISO 12572, 2001). The wet cups have a salt solution (KNO3) within the cup. 

The salt has a relative humidity of 93 - 94 %. The salt is made in accordance with An-

nex E.   

Small glass beakers are placed within cups and filled with the saturated salt. The beak-

ers are fixated to the cups (Figure 3-41).   

A rubber seal is put on top of the cup and the height of the air layer (𝑑𝑎) is measured 

(Figure 3-42).  

The measuring of the height of the air layer assumes that the underside of the sample is 

in the same plane as the top of the rubber seal.  

The sample is placed and another set of sealants put on top.   

A more thorough step-by-step guide in preparing the cups is found in Annex HH.  

The lid of the cup is tightened using a torque wrench. The acquired force is 4 Nm which 

is a standard at DTU BYG.   

  

 

Figure 3-42 Illustration of where the 

air layer above the salt is measured.  

 

 

Figure 3-41 Measuring the air 

layer. The horizontal ruler is only 

used to get a straight measuring 

point across the cup. The glass 

beaker is placed within the cup. 
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3.3.2.5 Procedure and Measurements 

Preconditioning 

The samples are preconditioned in a room having a temperature of 19°C and a humidity 

of approximately 45%. This is within the range specified in the standard. (DS/EN ISO 

12572, 2001). The samples are preconditioned before they are put into the cups.  

 

Thickness of samples 

The thickness of the samples (𝑑) is measured using a sliding ruler with a precision of 

0.01 mm. Measurements are done 4 times per sample and the arithmetic mean is deter-

mined. The height of the different samples is seen in Annex II.   

 

Area of the samples 

The areas of the samples (𝐴) are determined by the use of a camera and drawings made 

in Autodesk AutoCAD.  A rig is constructed where the camera is placed.  The lens of 

the camera is positioned so that the plane of the sample and the plane of the lens are 

parallel. A ruler is place in the same plane as the sample. A picture is taken (Figure 3-43) 

and imported into AutoCad where the ruler in the picture is used to scale.  

A shape following the exposed area of the sample can now be drawn and AutoCad can 

be used to determine the area of this shape.  

All area measurements of all samples can be found in (Annex II).  

 
 

Weighting the Cups 

The cups are weighted ones every day throughout the duration of the test. 
 

Since the chamber and the cups have the same temperature the vapour pressure is higher 

within the cup (due to the salt) hence vapour will diffuse from the cup to the chamber.  

As a consequence the cups will become lighter over time. 

 

Figure 3-44 The set-up used to photograph the samples. The 

plane of the sample and the plane of the camera (smartphone) 

are parallel. Ruler is placed in the plane of the sample.   

 

 

Figure 3-43 An example of a picture 

taken on the rig.  
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Weightings are continued until they fulfil the requirements of the mass change rate de-

scribed in section 2.5.1. 

As a criterion within this project all measurements continue until all samples within a 

series are within the requirements.  

A series consist of either 5 or 3 cups of the same type depending on the test case.  

 

3.3.2.6 Paint Samples 

Due to time constrains and an issue with available space within the test chamber the 

paint samples are only made in series of 3.  

All of the samples are placed below the ventilation duct within the chamber (Figure 3-45) 

hence there is no ventilation above the samples.   

In order to know whether the temperature and humidity below the duct is different from 

what is logged in the computer a small HOBO logger is placed below the duct during 

the duration of the measurements (Figure 3-46).  

 

   

  

   

 

 

       

 

  

 

Figure 3-45 Placement of Paint samples within the 

test chamber. The samples are placed below the 

ventilation duct. 

 

 

Figure 3-46 A HOBO Data logger is placed on the 

underside of the ventilation duct logging tempera-

ture and relative humidity. 
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3.3.3 Guarded Hot Plate – Determination of thermal conductivity by 

means of guarded hotplate 

The described method is based on the equipment at DTU BYG. A picture of the equip-

ment is seen in Figure 3-48. The necessary formulas are stated earlier in section 2.5.2. 

3.3.3.1 Preparation – Size of samples  

The samples needed for the guarded hot plate are prepared in dimensions that will fit 

within the equipment in accordance with the standard (DS/EN 12664, 2001). The length 

and width of the samples are approximately 300 ∙ 300 𝑚𝑚. The height/thickness of a 

sample is measured using a sliding ruler with a precision of 0.01 𝑚𝑚. The height is 

determined as an arithmetic mean of 5 measurements.  The sample height is approxi-

mately 50 mm. (The measurements of all samples are found in Annex II). Samples are 

cut to measure using a band saw (Figure 3-47).  

 

3.3.3.2 Procedure and Measurements 

Precondition 

The samples are preconditioned within the room where the experiment is carried out.  

The temperature and Relative Humidity of the room is logged with a HOBO logger 

placed close to the equipment. (Figure 3-50) The logged data is found in Annex JJ/Annex 

file 4. The average temperature during the measurements is 18.3°C and the RH is 

33.9%.  

Only the Multipor and the Foam Concrete are investigated with the use of the GHP. 

One of the Foam Concrete samples is placed for at least 24 hours at a 105°C before be-

ing placed in the room for 24 hours before being measured.  

 

Figure 3-47 Sample is cut to measure 

using a band saw. 

 

 

Figure 3-48 The Guarded Hot Plate equipment at DTU 

BYG. The writer in the left side of the picture logs the 

voltage trough the thermopile. The GHP is the wooden 

box in the middle and the sample is placed on top and 

insulated on the sides. On top of the sample is placed a 

cooling surface. 
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Measurements  

Before a sample is placed on the GHP a thin foam mat is placed on top of the hot plate. 

A thermopile of 5 sensors is placed in the centre of the foam mat (Figure 3-49). These are 

connected to the ink writer. The sixth thermocouple measures the temperature of the hot 

side.  

The sample is placed on top of the foam mat and sensors. (The effect of this foam mat is 

neglected within the calculations.)   

A ring of insulation is put around the sample and then another thermopile, thermocouple 

(measures the temperature on the cold side of the sample) and foam mat is placed on top 

(Figure 3-52).  

A water cooled plate is placed on the top of the sample (Figure 3-48). The temperature of 

the cooling surface should be constant about 15°C.     

The duration of the experiment depends on when conditions are stable. This is read of 

the ink writer. Within this project all of the tested samples have been tested for at least 

24 hours. During the experiment the data shown in Table 3-10 is manually logged in order 

to check that the measuring conditions are within a reasonable accuracy (all measure-

ments are found in Annex KK/ Annex file 4.   

Table 3-10 List of data measured manually during GHP tests. 

Date and time 
Room Temp. 

[°C] 

Hot side 

Temp. [°C] 

Cold side 

Temp. [°C] 

Effect of the Hot 

plate [W/m
2
] 

Voltage  through the 

heating plate  [V] 

 

    

 

 

 

 

 

 

 

Figure 3-50 Placement of a HOBO Logger within the GHP 

room. 

 

 

Figure 3-49 Foam mat placed on the 

GHP and then Thermopile and a thermo-

couple. 

 

 

Figure 3-51 Cooling surface placed on 

top of the sample.  

 

 

Figure 3-52 Thermopile and a thermo-

couple. Placed on top of the sample.   
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3.3.4 LBM 1 Test – Capillary suction (water uptake) 

The method is based on the guide from DTU BYG – LBM (Annex M/Annex file 1). 

The necessary formulas are stated earlier in section 2.5.3. 

3.3.4.1 Preparation – Size of samples  

All materials besides the paint samples are investigated in the LBM 1 Test.  

The samples are prepared in the dimensions given in Annex II. The production method 

of the samples is shown in Annex EE. 

The insulation materials are tested in the intended used thicknesses.  Hence both are cut 

to sizes with a height of 100 mm. The submerged area has the dimensions of approxi-

mately 50 ∙ 50 𝑚𝑚.  

 

A minimum of five samples is required per tested material.  

 

Before the experiment all samples besides the NON-carbonated mortar are sealed or 

wrapped along the edges in order to prevent moisture from the air disturbing the meas-

urement.  

The sealing is either done by use of epoxy, vapour barrier tape or foil.  

   

Figure 3-53 The three different ways the samples are sealed. The 1
st
 being epoxy seal. 2

nd
 

being vapour barrier tape (The used tape is capillary active and therefore not in contact 

with the water during the experiment). 3
rd

 being foil wrapped around the sample. 

3.3.4.2 Equipment 

In order to perform the experiment the following equipment stated inneeded. 

 

Table 3-11 is needed. 

 
Table 3-11 List of the equipment needed in order to perform the LBM 1 Test. 

Oven 
Temperature:  

~50  and 105°C 
Scale  Precision: 0.01 g 

Exicator With Silica Gel  Cloth e.g. kitchen cloth 

Tray  
Approximately   

600 ∙ 400 ∙ 50 mm 
Timer - 

Supports Brass (corrosion free)  Demineralized  Water Temperature: ~20°C 
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3.3.4.3   Procedure and Measurements 

Preconditioning 

The samples are placed in an oven at 50±5°C for a minimum of two days.   

The samples are placed in an exicator with silica gel for at least 24 hours to ensure that 

the temperature of the sample is in equilibrium with the temperature of the room (Figure 

3-54).The silica gel within the exicator ensures that moisture from the air is not absorbed 

by the sample. 

 

  
 

Figure 3-54 Samples are placed 

in exicator for at least 24 hours to 

ensure temperature equilibrium. 

Figure 3-55 The samples placed in a tray on the brass supports. 

 

Preparing the setup 

The experiment should be carried out in a room where the equipment can be left for at 

least 4 days. The temperature and humidity within the room should be relatively stable.  

Make sure that the table is in level before doing the experiment.  

 

Brass supports are placed in the tray with an appropriate spacing depending on the size 

of the material sample. The used supports are angular in order to have as little as possi-

ble contact with the material (Figure 3-55).  

 

The tray is filled with demineralized water with a temperature of approximately 20°C. 

(Within this project water is poured into a jug and left for at least a day to ensure tem-

perature equilibrium with the room.)  

The water level should be 1 - 3 mm higher than the underside of the sample. During the 

experiment the water level will drop as the materials suck some of it and some evapo-

rates. It is necessary to refill the tray during the experiment.  

 

Determine the mass [m50] of the samples.  

 

Ones the experiment is stated all samples have to be weighed at the same intervals: 1 

min, 2 min, 4 min, 8 min, 16 min, 32 min, 1 hour, 2 hours, 4 hours, 8 hours, 16 hours, 

24 hours, 48 hours and 96 hours. 

Since there are 5 samples the weighing are done with a time lag of 10 seconds.  
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The cloth is slightly wetted and placed on the table between the tray and the scale.  

The scale is switched on and reset to read 0.00 g.    

The set-up is shown in Figure 3-56. 

 

Measuring procedure  

The first sample is positioned on the brass supports submerged in water. The timer is 

started. Every 10 seconds later the next sample is placed until all five are submerged.  

 

The first sample is taken out after being submerged for 1 min. The sample is placed 

shortly on the wetted cloth before being weighed. The mass is registered (the use of a 

camera is recommendable).  

The sample is put back into the tray at the same time the 2
nd

 sample is taken out. 

  

This procedure is repeated for all time intervals.  

 

Drying of samples 

After the measuring period the samples are placed in an oven at 105 ± 5°C for two days 

in order to remove remaining moisture. The samples are placed in an exicator for at 

least 24 hours and then weighed [m105].  

  

 

Figure 3-56 The test set-up. The scale is positioned to the left and the cloth in the middle. The tray 

with water and timers are in the right side of the table. The picture is taken when [m50] is being 

determined. 
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3.3.5 LBM 2 Test – Porosity and Density 

The method is based on the guide from DTU BYG – LBM (Annex N/Annex file 1). The 

necessary formulas are stated earlier in section 2.5.4. 

3.3.5.1 Preparation – Size of samples  

All materials are tested within this experiment besides the paint samples.  

 

Samples are prepared in sizes similar to those used in the LBM 1 experiment (Annex 

II). The samples should not be sealed. If unsealed samples are used in the LBM 1 exper-

iment these could be used again for the LBM 2 experiment. 

 

The measured dimensions are not crucial for this experiment as the mass and change in 

mass is the only ones to be measured. Nevertheless each material is prepared in samples 

of similar shapes and sizes.  

 

A minimum of five samples is required per tested material.  

3.3.5.2 Equipment 

In order to perform the experiment the following equipment stated in Table 3-12 is neces-

sary. 

 
Table 3-12 List of the equipment needed in order to perform the LBM 2 Test. 

Oven 
Temperature:  

~105°C 
Scale  

Precision: 0.01 g 

Capable of measuring 

both above and below 

water. 

Exicator With Silica Gel  Cloth e.g. kitchen cloth 

Exicator  
Empty – for creating a 

vacuumed space  
Supports 

Brass (corrosion free)  

(optional) 

Vacuum pump 
Including necessary 

tubing.  
Extra Ceramic plates (optional) 

Bucket + tube 

Large enough to con-

tain all the water need-

ed to fill the exicator.  
Demineralized  Water - 

3.3.5.3  Procedure and Measurements 

Preconditioning 

The samples are placed in an oven at 105 ± 5°C for two days. The samples are placed in 

an exicator with silica gel for at least 24 hours and then weighed [m105]. The weighing is 

done just before the samples are placed in the larger exicator without silica gel.  
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Preparing the setup 

The vacuum pump is switch on and left to warm up for about 20 min.  

 

The samples are placed in the empty exicator. As the experiment is about getting as 

much water into all of the pores of the samples brass support and ceramic plates (with 

holes) are used strategically. The samples should not touch one another.  

 

If lighter materials are tested heavy object should be placed on top of them to avoid 

them from floating to the surface ones the exicator is filled with water.   

  

During this experiment the light foam concrete was placed in the bottom and heavier 

brick and mortar samples higher up.  

 

Ones the exicator is filled with the samples the lid is secured and the vacuum pump is 

connected. Air is now extracted from the exicator creating a vacuum space within. The 

pump is left for about 3 hours (Figure 3-57).  

 

  
Figure 3-57  Pump creating a vacuum within 

the exicator. 

Figure 3-58 Filling of the exicator with water. 

 

The valve on top of the exicator is closed and a tube running into a bucket with demin-

eralized water is connected to the top of the exicator where the pump is now discon-

nected (Figure 3-58). The valve is opened and due to the pressure difference the water is 

sucked into the exicator (Figure 3-59). It is important that the tube stays below water level 

during the filling. 

Ones the filling is complete (water level slightly higher than the samples). The valve is 

closed and the tube removed. The samples within the exicator are shown in Figure 3-61. 

 

The samples are left for at least 24 hours to ensure completely filling of the open pores.   

   

Measuring procedure  

The valve on top of the exicator is opened and when equilibrium is reached the lid can 

be removed. 

The samples should stay submerged until weighing. 
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The scale (Figure 3-62) (one that is capable of measuring both above and below water) is 

calibrated (Figure 3-59) with the use of a 1000.00 g weight.  

 

One at a time the mass of the samples are determined: First the submerged mass [msw] 

and then the mass above water [mssd]. 

Before determining the mass above water the sample is gently dried on all sides with a 

wetted cloth. 

 

Ones all of the samples are weighed they are placed in an oven for at least 48 hours at a 

105°C to remove all the moisture. 

The samples are placed in an exicator and the mass [m105] is determined after a mini-

mum of 24 hours.  

 

The reason for this is to check how much the samples have changed in mass before and 

after the experiment. The larger change the larger the error.  

  

  
Figure 3-59 Water is sucked into the exicator “shower-

ing” the samples within. 

Figure 3-60 Calibration of the scale. 

 
 

Figure 3-61 Samples within the exicator Figure 3-62 Scale that measures sample 

above and below water. 
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3.4 DCS – Destructive capillary suction method 

The DCS Method is very similar to the methods described by (Nielsen, 1976) and (Janz, 

1997) in terms of determining the water diffusivity of a material [Dw]. Parts of the 

method resemble the LBM 1 test. The formulas used are stated in section 2.5.5.   

 

Only the best suited foam concrete found within this project is investigated in this ex-

periment.  

 

3.4.1.1 Preparation – Size of samples  

The samples are prepared in the dimensions giving in Annex II. In Annex EE is shown 

the production method of the samples.  

The height of a sample is 150 mm and the submerged area has the dimensions of ap-

proximately 50 ∙ 50 𝑚𝑚.  

 

A total of 14 samples are made per test. (One sample for each of the 14 time intervals: 1 

min, 2 min, 4 min, 8 min, 16 min, 32 min, 1 hour, 2 hours, 4 hours, 8 hours, 16 hours, 

24 hours, 48 hours and 96 hours.) 

 

The experiment is repeated a minimum of three times for consistency. Hence 42 sam-

ples are made in total. 

 

The samples are wrapped along the edges with foil to decrease the amount of moisture 

from the air entering the sample and also minimizing the evaporation from the samples 

during the experiment.  

Another effect of wrapping the sample is the added strength. The samples created within 

this project are very vulnerable and should be handled gently. 

3.4.1.2 Equipment 

In order to perform the experiment the following equipment stated in Table 3-13 is neces-

sary. 

Table 3-13 List of equipment needed for the DCS Method 

Oven(s) 
Temperature: 

~50  and 105°C 
Scale  Precision: 0.01 g 

Exicator(s) With Silica Gel Cloth e.g. kitchen cloth 

Tray  
Approximately 

600 ∙ 400 ∙ 50 mm 
Timer - 

Supports Brass (corrosion free) Demineralized  Water Temperature: ~20°C 

Cutting box - Cutting blade E.g. Sharped spatula 

Glass Petri dish Min. Ø80 mm. For one test the needed amount is: 98   
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Figure 3-63 The test setup for the DCS method.  

3.4.1.3 Procedure and Measurements 

Preconditioning 

The samples are placed in an oven at 50±5°C for a minimum of two days.   

The samples are placed in an exicator with silica gel for at least 24 hours to ensure that 

the temperature of the sample is in equilibrium with the temperature of the room. 

 

Preparing the setup 

The experiment should be carried out in a room where the equipment can be left for at 

least 4 days. The temperature and humidity within the room should be relatively stable.  

Make sure that the table is in level before doing the experiment. The setup is shown in 

Figure 3-63. 

 

The petri dishes are all marked and have their individual empty mass [me] determined. 

 

All samples are marked and have their mass [m50] determined. 

 

A cutting box with pre-cut inserts for the spatula is used for slicing samples into 7 piec-

es of varying sizes during the experiment. (Figure 3-65) 

 

Brass supports are placed in the tray with an appropriate spacing depending on the size 

of the material sample. The used supports are angular in order to have as little as possi-

ble contact with the material.  

 

The tray is filled with demineralized water with a temperature of approximately 20°C. 

(Within this project water is poured into a jug and left for at least a day to ensure tem-

perature equilibrium with the room.)  

The water level should be 1 - 3 mm higher than the underside of the sample. During the 

experiment the water level will drop as the materials suck some of it and some evapo-

rates. It is necessary to refill the tray during the experiment.  

 

The scale is switched on and ensured to read 0.00 g.    
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Measuring procedure  

The first sample is positioned on the brass supports submerged in water. The timer is 

started. Every 5 seconds later the next sample is placed until all 14 are submerged.  

 

Notice: In the submerging phase two persons are required since the submerging is on-

going whilst the first sample is cut.   

 

  
Figure 3-64 A sample just 

before cutting. 

Figure 3-65 The cutting box and spatula used to slice the foam concrete. 

 

The first sample is taken out after being submerged for 1 min. 

The sample is placed shortly on a wetted cloth before being placed in the cutting box. 

The sample is cut from the wetted end. (Figure 3-64)  

The sample is cut into pieces of the following heights shown in Table 3-14    

Table 3-14 The heights of the pieces cut in the DCS Method. The thickness of the blade is not taking into 

consideration. 

Piece no. 1 2 3 4 5 6 7 

Height [mm] 10 10 10 20 20 40 40 

 

Each piece is placed in its own petri dish (Specific marked) (Figure 3-66) and the com-

bined mass [𝑚𝑤𝑒𝑡,𝑝] is determined. This is done quickly to reduce the amount of water 

evaporating form the piece.  The process is repeated at every of following 13 time inter-

vals.  

 

The petri dishes are 

placed in an oven at a 

105°C for at least 48 

hours. (Figure 3-66)   

The samples are placed 

in an exicator and the 

mass [𝑚𝑑𝑟𝑦,𝑝]  is de-

termined after a mini-

mum of 24 hours in the 

exicator.  

 

Figure 3-66 The cut pieces are placed in 

an oven an heated for 48 hours at 105°C. 

 

 

 

Figure 3-67 The cut pieces 

are placed in petri dishes. 
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3.4.2 Delphin program 

Simulations are made that will be used for comparison with the full scale experiment. 

The investigations are made as steady-state (Figure 3-68) and transient calculation (Figure 

3-69) for the same measuring points as the actual sensor positions within the full scale 

experiment. 

The effect of rain is not taking into account in the Delphin model. 

 

In Figure 3-68 and Figure 3-69 are shown the position of the measuring points and the con-

ditions and materials used within the simulations.  

 

 

Figure 3-68 Steady state setup in  

Delphin 

 

Figure 3-69 Transient setup in Del-

phin 

 

 

 

 

Steady state: 

The average temperature and relative humidity from the full scale experiment is used. 

A temperature of 3.4°C and a Relative humidity of 85%.  

 

Transient state: 

For the transient investigation DRY
9
-values are used for the outside conditions. These 

DRY-values were released in 2013 (DMI). 

  

For both the steady state and the transient investigation the temperature and relative 

humidity are determined at the measuring points. 

 

  

                                                 
9
 Design Reference Year  
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Assumptions made for the materials: 

Within Delphin there are several of predefined materials where all the characteristics are 

determined. Within this investigation it has been necessary to use some of these materi-

als as sort of base materials for material properties determined through this project. 

The base material is chosen as one that will resemble the actual material the best. An 

overview of which base material is adjusted is found in Table 3-15.     

 

Table 3-15 Overview of the Delphin materials used as base materials for the determined values found 

within the material properties investigation. 

Actual Material Base material from Delphin library 

Mortar (carbonated and non-

carbonated ) 

ID: 143 - “Lime cement mortar” 

Brick ID: 97 – “Historical Brick (Cluster 4)” 

Foam Concrete ID: 1 - “Autoclaved Aerated Concrete” 

Multipor ID: 595 - “Mineral Foam Multipor (from 2011)” 
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4  
RESULTS 

In this chapter the results of the experiment and other investigations are shown. The 

results are presented in the following order: 

 Foam Concrete recipe investigation: 

The tendencies that are seen and the density development of the samples through 

the drying period.  

The thermal conductivity (λ-value) of the samples that did not break through the 

drying process.  

The recipe of the best suited foam concrete used for further investigations. 

 

 Full scale experiment – cooling chamber: 

The development of relative humidity and temperature over time through each 

test wall and sample.  

  

 Material properties: 

Results from the different experiments carried out.  

 

 Theoretical investigation – Delphin:  

The relative humidity and temperature development through the different walls. 

Results are based on both transient and steady state calculations.  
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4.1 Foam Concrete Recipe Investigation 

The foam concrete recipes are primarily investigated with a fixed amount of foam and 

then varying the amount of cement used in the recipe. All the recipes are found in An-

nex V/Annex file 2. A quick estimation of the thermal conductivity of the samples is 

made with the use of the Isomet as mentioned in section 3.1.4.3. The density develop-

ment through the drying period is registered (Figure 4-3 - Figure 4-6).   

4.1.1 Initial determination of the thermal conductivity of the samples 

with the use of the Isomet. 

Following values (Figure 4-1) are the averages of three measurements. Measurements are 

made for the samples that were still reasonable in texture and had dried naturally. The 

exact measurements are found in Annex Y/Annex file 2. 

 

Figure 4-1 The relationship between Thermal conductivity and density of samples. 

The tendency of the development of density according to thermal conductivity is de-

scribed by the equation (Annex LL): λ ≈ 10−4ρ + 0.04. 
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4.1.2 The final recipe for Foam Concrete used in the further investi-

gations. 

The following recipe (Table 4-1) is found as the most promising and the one used for 

creating samples that are testes in the full scale measurements and material properties 

investigations. 

Table 4-1 Recipe of foam concrete  

Cement paste Quantity 

Water [kg] 4.5 

Cement (Aalborg Rapid cement) [kg] 9 

NWF-S [kg] 0.18 

Foam 

 
Water [kg] 13.2 

SL 200-L [kg] 0.4 

Foam used [L] 75 

Expected amount of useful Foam Concrete [L] 60 

 

 

The production is detailed described in Annex U. 

 At the following time steps the mixer is stopped, 20L is extracted from the bot-

tom and the bottom of the mixer is scraped to loosen the cement paste: 

Time step: 2, 4, 6, 8, 10, 12, 14, 16, 18 min. 

 After 20 min. an amount of 10 L of Foam Concrete containing some bottom 

Slurry is extracted and discarded. The remaining Foam Concrete is extracted and 

filled in moulds and afterward covered with plastic foil. 

 The sample is left to dry for three days.  

 The sample is taken out of the mould and wrapped in plastic foil and left to cure 

for another 27 days. 

 The sample is then unwrapped and placed in an oven for at least 24 hours at 

105°C to remove the remaining moisture. 
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4.1.3 Thermal conductivity of Foam Concrete samples that are used 

in the full scale measurement. 

 

The Isomet is used to determine the λ-values (Figure 4-2) of the Foam Concrete samples 

that are mounted on the test walls in the full scale experiment. The samples have a 

thickness of approximately 100mm and therefore too thick to be determined within the 

GHP experiment.  

 

 

Figure 4-2 λ- value measured with Isomet of the foam concrete used for full scale measurement 

 

4.1.4 Density development of the foam concrete samples through 

the drying period of 30 days. 

In the following section the graphs (Figure 4-3 - Figure 4-6) show the density development 

of the foam concrete samples during the drying process. Some sample are placed in the 

oven at some stage these samples are named PIN
10

.  

  

                                                 
10
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Figure 4-3 Samples that were all reasonable in texture 

 

Figure 4-4 Samples that have dried in room temperature  
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Figure 4-5Samples that break during the drying procedure. 

 

Figure 4-6 Samples that were placed in the oven 

 



 

Results 

83 

4.2 Full scale experiment – cooling chamber 

The following section contains the calibrated results from the six walls with interior 

insulation and the seventh which is the reference wall. The measured data shows either 

the development of relative humidity over time or the temperature over time. Each 

graph represents one wall with both “indoor” and “outdoor” conditions.  

The data is logged every minute however only every 60 minute is plotted on the graphs.  

 

On the illustration (Figure 4-7) is shown the overall setup with walls and the sensor posi-

tions.  

 

The graphs (Figure 4-9 - Figure 4-15) show the development of Temperatures. 

The graphs (Figure 4-17 - Figure 4-23) show the development of Relative Humidity.  
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Figure 4-7 Overall wall  setup and showing which sensors are placed in the different positions – Wall 21 and Wall 33 are not examined.  
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4.2.1  Temperatures  

The following seven graphs (Figure 4-8 - 

Figure 4-15) show the temperatures 

through the masonry walls with Foam 

Concrete, Multipor or the Reference 

wall.  

 

The first illustration (Figure 4-8) show 

the placement of the sensors. 

  

NOTE: 

The number in the bracket is the physi-

cal address of the sensor.  

This is used in the data collection phase.  

The surface sensor marked ‘g’ is not 

used within this project.  

 

Figure 4-8 – Placement of sensors  

Figure 4-9 WALL 12 - Reference wall 

 

Figure 4-10WALL 11 - Foam Concrete - 4 coats of diffusion open paint 

 

Figure 4-11 WALL 31 - Multipor - 2 coats of diffusion open paint 
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Figure 4-12 WALL 22 - Foam Concrete - 2 coats of diffusion open paint 

 

Figure 4-13 WALL 32 - Multipor - 2 coats of ordinary paint 

 

Figure 4-14 WALL 13 - Foam Concrete - 4 coats of ordinary paint 

 

Figure 4-15 WALL 23 - Foam Concrete - 2 coats of ordinary paint 
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4.2.2 Relative Humidity   

The following seven graphs (Figure 4-17 - 

Figure 4-23 ) show the relative humidity 

through the masonry walls with Foam 

Concrete, Multipor or the Reference 

wall.  

 

The first illustration (Figure 4-16) show 

the placement of the sensors. 

  

NOTE: 

The number in the bracket is the physi-

cal address of the sensor.  

This is used in the data collection phase.  

The surface sensor marked ‘g’ is not 

used within this project. 

 

Figure 4-16 – Placement of sensors  

Figure 4-17 WALL 12 - Reference wall 

 

Figure 4-18 WALL 11 - Foam Concrete - 4 coats of diffusion open paint 

 

Figure 4-19 WALL 31 - Multipor - 2 coats of diffusion open paint 
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Figure 4-20 WALL 22 - Foam Concrete - 2 coats of diffusion open paint 

 

Figure 4-21 WALL 32 - Multipor - 2 coats of ordinary paint 

 

Figure 4-22 WALL 13 - Foam Concrete - 4 coats of ordinary paint 

 

Figure 4-23 WALL 23 - Foam Concrete - 2 coats of ordinary paint 
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4.3 Material properties 

The following section contains the results of all the material properties experiments car-

ried out within this project.  

 

 Cup experiment – Determination of water vapour transmission properties 

 LBM 1 - Capillary number - Moisture transport 

 LBM 2 - Dry density & Open porosity 

 Guarded Hot Plate – Determination of thermal conductivity by means of guard-

ed hotplate 

 DCS – Destructive capillary suction method 
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4.3.1 Cup Experiment - Determination of water vapour transmission 

properties 

The following section contains the results gathered throughout the Cup Experiment. The 

section is divided into two parts: The Materials and the Paint Samples.  

4.3.1.1 Materials  

In the following section is shown the results for the materials examined within this pro-

ject. The gypsum is investigated in order to determine the Z-value of the different coats 

of paint as described in section 2.5.1.1.  

For both Gypsum and Foam Concrete two sets of measurements are presented: One for 

the FIRST time and one for the SECONDARY time the slope of G [kg/s] is constant 

(Figure 2-11).  

The materials standard deviations and the Averages are shown. 

 

The following graphs show the measured change in mass [kg] over time [s]:  

- Figure 4-24, Figure 4-25, Figure 4-26 and Figure 4-27 

The following graphs show the calculated water transmission properties (calculations 

are shown in Annex file 5):  

- Figure 4-28, Figure 4-29, Figure 4-30 and Figure 4-31        
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Figure 4-24 The mass [kg] of the cups over time [s] for the Foam Concrete. The FIRST and the  

SECONDARY data-areas are indicated. 
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Figure 4-25 The mass [kg] of the cups over time [s] for the Multipor.  
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Figure 4-26 The mass [kg] of the cups over time [s] for the Bricks and the carbonized and non-

carbonized lime mortar. 
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Figure 4-27 The mass [kg] of the cups over time [s] for the Raw gypsum board. The FIRST and the 

 SECONDARY data-areas are indicated. 
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Figure 4-28 The water vapour permeance, W of the materials.  

 
 

 

Figure 4-29 The water vapour permeability, δ of the materials       
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Figure 4-30 The water vapour resistance factor, μ of the materials  

 

 

Figure 4-31 The Water Vapour diffusion resistance, Z of the materials 
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4.3.1.2 Paint Samples  

The results of the paint samples are shown for both the FIRST and the SECONDARY 

measurement of the gypsum.  

 

The following graphs show the measured change in mass [kg] over time [s] of the paint 

samples: Figure 4-32 

The following graph shows the calculated Z-value of the paint/primer. (Calculations are 

shown in ANNEX CUP): Figure 4-33     

 

 

Figure 4-32 The mass [kg] of the cups over time [s] with the paint samples. 
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Figure 4-33 The Z-values for the different amount of coats of paint- Gypsum subtracted. 
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4.3.2 LBM 1 Test – Capillary suction (water uptake) 

The results found by LBM 1 are stated in the following section. 

The Water uptake coefficient (AW) for all materials is shown in Table 4-2 and Figure 4-34. 

 

Table 4-2 Water Uptake (Aw) determined by LBM 1 

Aw – Water Uptake coef-

ficient 

[kg/m² · s0.5] 

Test 1 Test 2 Test 3 Test 4 Test 5 Average 

Mortar (Carbonated) 0.4401 0.4579 0.4143 0.4950 0.5099 0.4635 

Mortar (NON-

Carbonated) 0.6041 0.6456 0.5925 0.6379 0.6010 0.6162 

Brick 0.2744 0.2851 0.3301 0.3685 0.3085 0.3133 

Foam Concrete 0.0637 0.0950 0.0671 0.0812 0.0849 0.0784 

Multipor 0.0029 0.0023 0.0019 0.0024 0.0025 0.0024 

 
 
 
 

 

Figure 4-34 Water Uptake coefficient for the different materials 
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4.3.3 LBM 2 – Dry density & Open porosity 

Within this section are shown the Dry densities (Figure 4-35 and Table 4-3) and open po-

rosities (Figure 4-36 and Table 4-4 ) for the different materials investigated throughout this 

project.  

    

4.3.3.1 Dry Densities 

Table 4-3 Values of the Dry densities of the investigated materials 

ρd - Dry density [kg/m3] Test 1 Test 2 Test 3 Test 4 Test 5 Average 

Mortar (Carbonated) 1737 1728 1720 1736 1740 1732 

Mortar (NON-

Carbonated) 1734 1758 1735 1735 1730 1738 

Brick 1705 1721 1706 1713 1720 1713 

Foam concrete 147 152 145 142 148 147 

Multipor 97 86 95 98 98 95 

 
 

 

Figure 4-35 Diagram of dry density of the investigated materials 
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4.3.3.2 Open Porosities 

 

Table 4-4  Values of the Open porosity of the investigated materials 

Po - Open porosity 

[m3/m3] Test 1 Test 2 Test 3 Test 4 Test 5 Average 

Morter (Carbonated) 0.326 0.326 0.329 0.325 0.323 0.326 

Morter (NON-

Carbonated) 0.341 0.331 0.340 0.341 0.342 0.339 

Brick 0.379 0.373 0.379 0.376 0.374 0.376 

Foam concrete 0.944 0.942 0.942 0.946 0.944 0.944 

Multipor 0.959 0.964 0.960 0.960 0.960 0.961 

 
 
 

 

Figure 4-36 Diagram of the Open porosity of the investigated materials 
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4.3.4 Guarded Hot Plate – Determination of thermal conductivity by 

means of guarded hotplate 

The following section contains the results of the measurement of thermal conductivity 

with the use of the GHP. The measurements are only carried out for samples of the best 

suited Foam Concrete and the Multipor. The results are presented in two graphs. 

The first graph contains the actual measurements and averages. The standard deviation 

is shown. (Figure 4-37) 

The second graph only shows the measurements including uncertainties hence showing 

the maximum and the minimum (Figure 4-38).  

 
 

 

Figure 4-37 Thermal conductivity of Foam Concrete and Multipor – Measured 
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Figure 4-38 Thermal conductivity of Foam Concrete and Multipor – Incl. Uncertainties 
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4.3.5 Material properties Test Results 

This section contains a combined list (Table 4-5) of the materials properties determined 

within this project. Only the average values are displayed. Values shown for the cup 

method are the ones that are independent of the sample thickness. 

The results from the DCS method are not stated within this section.     

 

Table 4-5 Overview of material properties determined within the project –Only average values are pre-

sented.   

MATERIALS 

LBM 1 LBM 2 
Guarded 

hot plate 
Isometer Cup method 

Water up-

take coeffi-

cient 

Density 
Open 

porosity 
Thermal Conductivity 

Vapour 

resistance 

factor 

Water vapour 

permeability 

Aw                 

[kg/m
2
s

0.5
] 

ρ                        

[kg/m
3
] 

p0                       

[-] 

λ                            

[W/mK] 

μ                                  

[-] 

δ 

[kg/(m·s·pa)] 

Brick 0.313 1713 0.376 

 

0.518 11.56 17.1·10
-12

 

Lime mortar  

(carbonated) 
0.463 1732 0.326 0.389 7.54 26.2·10

-12
 

Lime mortar  

(NON-

carbonated) 

0.616 1738 0.339 0.370 7.2 28.2·10
-12

 

Foam 

Concrete 
0.078 147 0.944 0.064 0.0570 1.89 103.9·10

-12
 

Multipor 0.002 95 0.961 0.046 0.049 3.11 63.2·10
-12

 

COATS OF PAINT 
 Vapour diffusion resistance 

Z  [(m
2·s·Gpa)/kg] 

Raw Gypsum board (13 mm) 0.32 

Paint (primer only) 0.1 

Paint (1 coat of paint + primer) 1.13 

Paint (2 coats of paint +primer) 1.73 

Paint (3 coats of paint + primer) 2.31 

Paint (4 coats of paint +primer) 2.9 

Describing equation of vapour diffusion resistance (Z-value) based on number of layers of ordinary Flutex 5 paint: 

Z = 0.59n + 0.55 
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4.4 Theoretical investigation – Delphin program 

4.4.1 Steady state calculation 

For the steady state calculation following temperatures and relative humidity are deter-

mined for the 2 coats of ordinary paint (Table 4-6) and 4 coats (Table 4-7).

 

 
  

Table 4-7 Temperature and RH determined in Delphin at steady state for specific points of a wall 

sample with 4 coats of ordinary paint. 

4 coats of paint Foam Concrete Multipor 

Steady state point: Temperature [°C] RH [%] Temperature [°C] RH [%] 

point a 4.0 84 3.8 84 

point b 8.8 95 7.5 97 

point c 9.1 95 7.7 97 

point d 10.8 94 9.7 94 

point f 16.7 72 16.9 71 

 

 

Figure 4-39 Placement of the measuring points used in Delphin 

Table 4-6 Temperature and RH determined in Delphin at steady state for specific points of a wall 

sample with 2 coats of ordinary paint. 

2 coats of paint Foam Concrete Multipor 

Steady state point: Temperature [°C] RH [%] Temperature [°C] RH [%] 

point a 4.0 84 3.8 84 

point b 8.8 95 7.5 97 

point c 9.1 95 7.7 97 

point d 10.8 94 9.7 94 

point f 16.7 72 16.9 71 
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4.4.2 Transient Calculation 

The Results of the transient simulations are shown for both 2 and 4 coats of ordinary 

paint. The simulations are made for Foam Concrete and Multipor.   

 

The graphs (Figure 4-40 - Figure 4-43) show the temperature and Humidity development of 

2 coats of ordinary paint.   

The graphs (Figure 4-44 - Figure 4-47) show the temperature and Humidity development of 

4 coats of ordinary paint.   
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4.4.2.1 Two Coats of ordinary paint 

  

  

 

 

Figure 4-40 Five measuring point according to Relative humidity for wall samples with Foam concrete and two layer 

paint 

 

 

Figure 4-41 Five measuring point according to Relative humidity for wall samples with Multipor and two layer paint 

 

 

Figure 4-42 Five measuring point according to temperature for wall samples with Foam concrete and two layer paint 

 

Figure 4-43 Five measuring point according to temperature for wall samples with Multipor two layer paint 
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4.4.2.2 Four Coats of ordinary paint 

 

  

  

 

Figure 4-44 Five measuring point according to Relative humidity for wall samples with Foam concrete and four layer 

paint. 

 

 

Figure 4-45 Five measuring point according to Relative humidity for wall samples with Foam concrete and four layer paint. 

 

Figure 4-46 Five measuring point according to temperature for wall samples with Foam concrete and four layer paint 

 

Figure 4-47 Five measuring point according to temperature for wall samples with Multipor and four layer paint 
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4.5 DCS – Destructive capillary suction method 

The measured weights of samples in wet condition and dry condition are seen in Annex 

file 6. The following results are based on averages of three repeated measurements as 

described in the method section 3.4.1.1.   

 

The initial wet-dry ratio, u [kg/kg] is determined and seen from Figure 4-48 and Table 4-8. 

Sorted vales are shown in Table 4-9 and Table 4-10. The reasoning for the sorting is de-

scribed in the discussion section 5.3.4.    
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Figure 4-48  Wet-Dry ratio of measured values 
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Table 4-8 determined wet-dry ratios.  

→ Time [s]          ↓ Height of sample [m] 

 

Table 4-9 Determined wet-dry ratio sorted according to sample development. 

→ Time [s]          ↓ Height of sample[m] 

 

Table 4-10 wet-dry ratios that fulfil the requirements with a minimum of 4 measured points. 

→ Time [s]          ↓ Height of sample [m] 

 

 

Based on the values from Table 4-10  and the use of non-linier regression at the Xuru 

homepage (Xurus, 2015) equations are found to describe the development of u (y) based 

on the time step (x) (Figure 4-49). 
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The sorted values found in Table 4-10 is then combined with the values that are character-

ised from Figure 4-47. The results are shown below in Table 4-11:  

The values found in Table 4-11 are used to determine the characterised wet-dry ratios for 

each time step depending on the height of the sample. These values are stated in Table 

4-12 and plotted in Figure 4-50. Table 3-13 

  

Table 4-11 Sorted values (highlighted) in combination with characterised values 

 

Table 4-12 Characterised values found dependent on height of sample 

 

 

 

Figure 4-49 Characterised values of sample parts development over time 
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The characterised values are described by equations that are found for each time step 

using the Xuru homepage (Xurus, 2015). The found equations can be seen in Annex 

MM/Annex file 6. 

The Characterised wet-dry ratio equation can be used for determining Dw. The exact 

value is found in Annex NN/Annex file 6. 

The development seen in Figure 4-51 can be characterised by: 𝐷𝑤 = 1 ∙ 10−5u−1.532 

 

The results show that Dw varies between: 7.7·10
-7

 – 1.3·10
-3

 [m
2
/s]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-50 Diagram of characterised wet dry ratio 

 

Figure 4-51 waterfront development through material. Dw factor compared to wet-dry ratio. 
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5  
DISCUSION 

The following chapter will discuss the results from Chapter 4 in following order: 

 

 Foam Concrete 

 Full scale experiment – cooling chamber 

 Material properties 

 Theoretical investigation – Delphin  

 Comparison of Full scale with Theoretical investigation 
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5.1 Foam Concrete Recipe Investigation 

The experiences and tendencies from the process of testing and developing the final 

Foam Concrete recipe are described in the following section. 

A description of the individual samples is found in Annex W.   

 

 

The density of the early made samples (5-48) is between ~ 50 – 290 kg/m3 and the 

thermal conductivity measured with the Isomet vary between 0.05 – 0.085 W/mK. 

Not all samples are measured with the use of the Isomet. 

The samples that were found to have the lowest λ-values are found to be very brittle 

which could indicate that pure foam concrete has difficulties in obtaining lower thermal 

conductivities than 0.05W/mK. The reasoning of this could be a result of the samples 

not obtained a high concentration of small pores. 

   

The samples that have the lowest densities are so brittle that they are not manageable.  

 

It is possible to make samples with densities from 88 kg/m
3
 that had some form of sta-

ble structure. For some of the samples even obtain a thermal conductivity of 0.05 W/mK 

but the samples were found to be inhomogeneous and very fragile.  

In Figure 5-1 is seen sample 36 that has a density about 106kg/m
3
 but is seen to be inho-

mogeneous.   

 

 

The use of 9kg of cement in combination of 75L foam and significant mixing could 

make an insulating material with a density of: ~150 kg/m
3
 and a lambda value of ap-

proximately: ~ 0.065 W/mK.  

The sample was found to be strong enough for the use in the full scale experiments but 

it is still too fragile for retail use. One of the samples made with this recipe is seen in 

Figure 5-2. The boundary layers will have to be cut away.    

 

 

 

Figure 5-1 Sample 36 with a density about 106 kg/m3 – but very inhomogeneous  
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The limitation of strength and the relative high thermal conductivity indicates that it 

could be necessary to combine the foam concrete with another a more insulating materi-

al or in some way try and use some sort of aggregate that can bind the structure hence it 

will be possible to reduce the amount of cement.   

 
 

When 8 kg of cement was used with 100 L foam and placed in a mould with a height of 

34 cm. It is possible to obtain density of 48 kg/m
3
 but when the samples dried it col-

lapsed (Figure 5-3). Whether the collapse was due to the recipe or the fact that the mixing 

has been going on for too long is not possible to conclude. But it is recommended to use 

less than 100 L of foam for the mixer used in this project. 

 

 

 

Figure 5-3 collapsed sample of 

foam concrete. Height of mould 

34cm. 

 

Figure 5-4 sample with netting inside, that has resulted in the sample 

breaking in the layer of the netting. 

 

 

 

 

Figure 5-2 Sample 55-1 – One of the samples that is used for further testing  
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Using netting to enhance the strength resulted in the concrete breaking in the layer of 

the netting. However it could be used for the purpose of making untraditional surface 

shapes for internal insulation (Figure 5-4).  

 

The use of Perlite was tested with two samples (Figure 5-5) and the lambda value was 

determined to be 0.1144 W/mK and 0.099 W/mK (measured with Isomet). The density 

is approximately 291kg/m
3
 and 264 kg/m

3
.  

Layering of the Perlite was quite significant as the very light foam concrete mixture had 

issue lifting the heavier silicate material. 

 

 
 

Figure 5-5 Sample made with Perlite 

Figure 5-6 Density development of sample 16-1 (RED) that 

has dried naturally and 16-2 (BLUE) that has been placed in 

an oven and dried at 105°C. 

  

It is possible to obtain a significant reduction of samples density by heating the samples 

at 105°C and as a result removing moisture from the sample which improves the ther-

mal conductivity. In Figure 5-6 is shown the difference between sample 16-1 that has 

dried naturally and sample 16-2 that has been dried at a 105ºC.  

 

In order to obtain uniform samples without clear variation in the boundaries of the sam-

ples it is necessary to make oversized samples. A typical boundary layer of ~ 2 cm was 

seen in general. As such a minimum height of 15 cm is recommended in order to obtain 

a sample of 10 cm.   

 

Lower quantities of cement used in the recipe increased the demand for mixing of the 

mixture. If the samples are not mixed sufficiently the heavy density foam concrete 

would have tendency being layering in a truncated cone within the sample (Figure 5-8). 

The variation of density would likely result in the sample breaking between the two 

densities (Figure 5-8). This truncation effect was discovered when some of the bottom 

slurry was poured into a mould that had been nearly filled with the ordinary mixture.  

Therefore it was discovered that the first 10 L within the bottom of the mixer needed to 

be discarded. This is the reasoning for this step in the final recipe.    
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Figure 5-7 Foam concrete breaks at 

the point in which two different kind 

of density 

 

Figure 5-8 sample 25 with truncated cone of high density 

 

It is seen that the mixing time of foam concrete has a minimum requirement of mixing 

in order to get a reasonable uniformity. There is as well a maximum of mixing do to the 

decrease of number of bubbles.  

Within this project a mixing time of 20 min was found to be satisfying. 

 

When analysing the development of the density of the foam concrete samples ( 



 

Discusion 

120 

 

Figure 4-5Samples that break during the drying procedure. 

 

Figure 4-6 Samples that were placed in the oven 
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) it is seen that the main change of density happens primarily in the first 24 hours and 

decrease a lot the next two days in the drying process. 

The high fluctuation in the density change is due to the moulds change of weight which 

changed during the process because the wooden moulds soaked water. 

The fluctuation is seen when the sample is taken out of the moulds. In which case the 

moulds deviating weight will have distorted the overall picture of the drying process 

this is especially visual in Figure 4-6 were the change in weight for one of the samples 

fluctuate a lot.   

 
 
 

5.1.1 Source of Errors  

Uncertainties of the different measuring devices used through the process.  

The mixer is not completely tight. Which resulted in loss of liquid mixture through the 

production. 

The arms are position in such a high level that they do not scrape the bottom sufficient-

ly, which is necessary for this very liquid mixture (compared with ordinary concrete).  

The necessity of manual scraping the bottom could create varying mixing in part of the 

mixture. 

Some of the fluctuation in the drying out process may result in inaccuracy in the meas-

uring of the samples.  
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5.2 Full scale experiment – cooling chamber 

The following section discusses the results of the full scale experiment. In the following 

references to WALL ‘XX’ are made. The walls and their placement are seen in Figure 

4-7. Graphs are seen in section 4.2.1 and 4.2.2 section.      

5.2.1 Temperatures 

5.2.1.1 ‘Outdoor’ 

The temperatures within the refrigerators are measured in level of the centre placed 

walls in the middle of the refrigerator (Sensors are marked ‘e’ in section 4.2.1). The 

temperatures are adjusted in the time interval 400 - 600 hours as a result of too high 

fluctuations. Before the adjustment the fluctuation is about ±1°C though the temperature 

controller is set to 3°C ±0.5°C. The reason for this high fluctuation is the response time 

of the compressor of the refrigerator and mixing of air within the chamber. The cooling 

continues for a certain time after the power has been switched off due to the cold fluid 

still running in the cooling surface. When the refrigerator is switched on again it takes 

some time before the fluid is cold and temperature drops. 

The cooling controller is set to the lowest possible setting of 3°C±0.2°C. This results in 

the fluctuations seen from the measurements of about ±0.5°C.  

The temperature within refrigerator 1 (WALL 11, 12 and 13) is 3°C in average whereas 

the two other chambers have 3.5°C. This deviation may be a result of the uncertainties 

in the measuring equipment or difference in response time of the refrigerators.  

 

5.2.1.2 ‘Indoor’ 

The temperature within the room (sensor marked ‘i’) should ideally be constant at 20°C. 

Smaller fluctuations are seen of about±0.5°C.  

At about 700 hours there is a slightly increase in the temperature.  

The temperature is measured in the middle of the room approximately in level of the 

upper walls hence some temperature difference will occur on the lower placed walls as a 

result of the stack effect. 

 

5.2.1.3 Masonry 

Measurements through the masonry walls are done in the three measuring points: ‘a’, 

‘b’ and ‘c’.  

From the reference wall (WALL 12) it is seen that the surface temperature of the lime 

mortar render “c” is 15-16°C which is expected according to the theory.  

For all the walls there is a significant drop in surface temperatures ones the silicate 

based insulation is added to the lime mortar renders. At about 50 hours the insulation on 

the walls (WALL 23, 31 and 32) is mounted, hence the drop in temperature occurs early 
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in the measuring period. The insulation on the walls (WALL 11, 13, 22) still had to cure 

for a period of time therefore they were not applied before a measuring time of approx-

imately 300 hours.  

After the mounting of the insulation the render is applied and after a short curing pro-

cess the coats of paints are added. This has no visual impact on the temperatures but is 

clearly seen in the humidity measurements section 5.2.2. 

The temperature drops about 1°C when soft insulation is packed around the samples. 

This drop is seen at the time intervals of 400 - 600 hours.  

The temperature development form this point on is more or less constant with relatively 

small fluctuations. 

 For the upper placed walls (WALL 11 and 31) the temperature in the lime mor-

tar render “c” is about 11°C.  

 For the centre placed walls (WALL 22 and 32) the temperature in the same point 

is about 10°C. 

 For the lower placed walls (WALL 33 and 23) the temperature is about between 

9 – 10°C.  

These variations may be a result of insufficient mixing of the air within the cooling 

chamber and/or temperature difference in the room as a result of the stack effect.  

 

5.2.1.4 Samples (Insulation) 

As a result of the walls being placed in different temperature levels the best way of 

comparing the different products is by comparing the level in which they are placed. 

The influence of the different treatments of paint is neglected.   

 

 Upper level: Foam Concrete (WALL 11) and Multipor (WALL 31). 

For both samples the temperature measured in point “f” (close to the surface) 

is relatively similar about 18.5°C. The temperature is slightly more stable in 

the Multipor than in the Foam Concrete. In point “d” (close to the lime mor-

tar) the temperature is about 12.5°C for both products. Fluctuations are rela-

tively similar.  

 Centre Level: Foam Concrete (WALL 22) and Multipor (WALL 32). 

For the Foam Concrete and the Multipor the temperature measured in point 

“f” is about 17.5°C and 17°C respectively. In point “d” the temperature is 

about 12°C for both materials.  

 Lower Level: Foam Concrete (WALL 13) and Foam Concrete (WALL 23). 

When comparing these two Foam Concrete samples the results are relatively 

similar. For point “f” the temperature is about 16.5°C and for point “d” 

11.5°C.  
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The investigation shows that the difference in terms of temperatures through the con-

struction is very similar though the Multipor and the Foam Concrete have different 

thermal conductivities. 

5.2.2 Relative Humidity  

5.2.2.1 ‘Outdoor’ 

The relative humidity within the refrigerators is measured in the same level as the tem-

perature. 

The humidity within the cooling chamber (sensor marked ‘e’) show a relatively high 

fluctuation before the temperature was adjusted as described in section 5.2.1.1. This 

fluctuation is on average 83% ±8% before the adjustment.  

The humidity within all three chambers should ideally be constant (with constant fluctu-

ations). There is however some small deviations. The humidity after the temperature 

adjustment is shown below: 

 

 Refrigerator 1(WALL 11, 12 and 13):  85%±6% 

 Refrigerator 2(WALL 22 and 23): 86%±5% 

 Refrigerator 3(WALL 31 and 32): 84%±5% 

 

The humidity is about 5% lower than the goal of 90%.  

The reason why the humidity is lower is a result of the cooling surface being so cold 

that the humid air condenses.  

Variations in temperature also lead to the fluctuating humidity. 

 

In refrigerator 3 the humidity suddenly drops dramatically about 900 hours. The reason 

for this drop is caused by faulty wiring resulting in a lost signal. 

 

The dead measuring period at 650 hours is caused by corrupted data that could not be 

used. 

5.2.2.2  ‘Indoor’ 

The humidity within the room is controlled by a humidifier. The humidity should ideal-

ly be 60%. 

Before 900 hours the humidity within the room (sensor marked “i”) is far from constant.  

As the experiment is carried out during the winter period the humidity indoor is in gen-

eral quite low. The humidifier simply has trouble keeping the room humid though many 

smaller adjustments are made. At 900 hours the humidifier is changed to another type 

resulting in much better fluctuations. The humidity is adjusted several of times during 

the experiment and in the final 200 hours of measuring the humidity within the centre of 

the room is about 62%±3%.    
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5.2.2.3 Masonry 

Measurements through the masonry walls are done in the three measuring points: ‘a’, 

‘b’ and ‘c’.  

The humidity through the masonry is from an overall perspective rather high which is 

likely to be a result of the walls still containing some moisture from the construction.  

  

From the reference wall (WALL 12) it is seen that the humidity at point “a” is 100% for 

most of the measuring period. At about 1000 hours the humidity starts to drop and at the 

end of the measuring period the humidity in this point is about 97%.  

This indication that the wall is drying out and that equilibrium between the “indoor” and 

“outdoor” is starting to occur.   

The surface sensor in the lime mortar (sensor “c”) has a relative humidity of about 90% 

fluctuating as a result of the fluctuating humidity within the room. 

The same is seen from the sensor “b”. The only difference is that in this point the hu-

midity is about 96 %.   

 

For all the walls it is seen that ones the insulation is added to the lime mortar render the 

relative humidity at point “b” and “c” increases to 100 % and stays at this level for the 

duration of the measuring period. This increase is caused by moisture from glue mortar 

during the mounting of the samples and the fact that the surface gets colder.  

 

In point “a” the humidity stays about 100% for the duration of the measuring period for 

most of the walls. There is however a slightly indication that some of the walls (WALL 

13, 22 and 23) are beginning to dry out as the humidity is starting to drop. 

5.2.2.4 Samples (Insulation) 

Ones the samples are mounted to the walls they are rendered. This rendering is clearly 

seen as fluctuations measured by sensor “f”. For the walls (WALL 11, 22, 23 and 32) 

the first major fluctuation is caused by the wet render. The following smaller humps are 

the application of the paint.  

WALL 31 has a series of fluctuations which is caused by the render being removed and 

redone a couple of time due to minor application errors. The minor humps at 450 hours 

are the application of the paint.  

WALL 13 has the render applied at the same time the logging of data is begun. The ap-

plication of the paint is seen about 450 hours. 

 

The samples are compared in the levels of which they are placed for the same reasons as 

mentioned for the temperatures.  

The coats of paint are neglected at this stage (the reason is described further down). 
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 Upper level: Foam Concrete (WALL 11) and Multipor (WALL 31). 

From the measuring point “d” and “f” for both the Foam Concrete and the 

Multipor it is seen that the humidity measured from 1000 hours is more or 

less constant about 93% at point “d”. The humidity at the point “f” follows 

the humidity of the room however being about 4% higher. For the final 200 

hours of measuring the RH is 67% for the Foam Concrete and 66% for the 

Multipor. 

 Centre Level: Foam Concrete (WALL 22) and Multipor (WALL 32). 

The same tendency as for the upper level is seen. The Foam Concrete has a 

slightly higher humidity of 91% whereas the Multipor is 90% for point “d”. 

For point “f” the RH for the foam concrete is 6% higher than the room wheras 

the Multipor is 4% higher.     

 Lower Level: Foam Concrete (WALL 13) and Foam Concrete (WALL 23). 

For WALL 13 the humidity in both points “d” and “f” is decreasing which 

may indicate a drying out. The measurements end at a RH of 65% for point 

“f” and 86% for point “d”. 

For WALL 23 the humidity in point “d” is 93% after 1000 hours and point “f” 

follow the humidity in the room but about 7% higher. 

 

Within the measuring period the relative humidity in the boundary layer (lime mortar 

render) is in the critical range for mould and fungus growth. Within the measuring time 

there is no clear indication of whether the Foam Concrete or the Multipor performs bet-

ter. WALL 13 gives an indication that the Foam Concrete may be faster in transporting 

the moisture since the relative humidity is decreasing at a higher pace.        

 

Coats of paint 

The samples are treated with different coats and different kinds of paint to see whether 

there in any difference in the measurements. As the walls have still not reached equilib-

rium and the fact that they may still contain moisture from the construction phase it is 

difficult to give any indication what influence the paint will have. 

From the determination of the Z-value (section 4.3.1.2) it is seen that the Z-values of 4 

coats of ordinary paint is so low that the influence can more or less be neglected at this 

stage compared to all the other parameters. Ones the whole system reached equilibrium 

it may be possible to distinguish between the different treatments. 
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5.2.3 Source of Errors 

The following section describes the source of errors within the full scale experiment.  

 

Measuring equipment and placement:  

The sensors within the cooling chambers are only positioned in the centre of the cham-

ber. Sensors should ideally have been placed in front of each wall.    

Only one sensor measures within the room. Ideally sensors should have been placed in 

front of each wall or as a minimum in each wall level.  

 

As the sensors are retrofitted the masonry walls and the long pre-drilled holes are filled 

with silicone afterwards. It is rather difficult ensuring that the chamber is filled without 

covering up the HYT-sensor. If too little silicone is used there is a risk of convection 

occurring within this small void.  

 

Adiabatic Boundaries: 

There is a risk that the vapour barrier wrapping the entire construction is leaking if ei-

ther sealed improperly or if punctured at some state.  

The insulation around the construction may also be insufficiently fitted. 

 

Cooling Chamber: 

The cooling chamber may have smaller leaks or cracks especially around the door if the 

wooden rig is not aligned properly.   

The mixing of the air within the chamber may be insufficient especially in the lower 

parts of the chamber.  

  



 

Discusion 

128 

5.3 Material properties 

Within this section are discussed the different material properties investigation made 

within this project. In Table 5-1 are shown a list of which materials have been investigat-

ed in the different experiments.   

Table 5-1 Overview of which materials that are tested in the different experiments 

  LBM 1 LBM 2 CUP GHP DCS  

Brick           

Lime mortar (both Carbonated and 

NON-carbonated) 
        

  

Foam concrete           

Multipor           

Paint           
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5.3.1 LBM 1 & 2 

Lime mortar: 

For the lime mortar it was found that the material had almost the same density, porosity 

and thermal conductivity. But for the water uptake coefficient a difference is seen. For 

the carbonated the value was 0.463 [kg/m
2
 s

0.5
] and the non-carbonated is 0.616 [kg/m

2
 

s
0.5

] which is ~33% higher. This indicates that the material structure of the lime mortar 

would over time decrease the moisture transport of approximately 33% as carbonisation 

occurs.  

The errors within this investigation could be the result of the two mortar samples which 

have been made at different times in which case the amount of water added to the lime 

mortar is different. The carbonated sample was sealed on the sides with epoxy (after 

carbonation in chamber). The decrease of surface could have an impact of the test re-

sults.  

 

Foam concrete and Multipor: 

If the foam concrete is compared to the Multipor it is found that the Foam Concrete has 

a way higher liquid moisture transport. It is seen that the Foam Concrete (0.079 kg/m
2
 

s
0.5

) is more than 30 times higher than Multipor (0.002 kg/m
2
 s

0.5
).  

The moisture transport is at the same level as ACC (Gottfredsen & Nielsen, 2008).   

The density is 147 kg/m
3
 which is higher than the Multipor but less than a typical ACC 

(400 kg/m
3
). The porosity is 94.4% which is very close to Multipor which has 96.1%. 

The reason that the porosity is almost the same but the thermal conductivity is way 

higher for foam concrete compared to Multipor could be as a result of the significant 

larger pores in the Foam Concrete. As a result of larger pores the concentration of ce-

ment pastes concentration is larger. The large pores could result in convection within 

the pores.  

Within the LBM 2 investigation it was seen that parts of the Foam Concrete did crumble 

a little which may have a slight influence on the measurements.   

 

Brick 

The brick has a water uptake coefficient, density and porosity that in general are very 

similar to the typical brick found in other literature (Gottfredsen & Nielsen, 2008). 

Table 5-2 Comparison of material properties of the measured value and typical values found in literature 

(Gottfredsen & Nielsen, 2008). 

 Measured Typical 

Water uptake [kg /m2s0.5] 0.313 0.3 

Density [kg/m3] 1713 1600-1800 

Porosity [%] 37.6 30-40 

 

The sources of errors: The brick sample may come from varying parts of the brick; 

The measuring equipment and the epoxy sealed sides.   
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5.3.2 Cup Experiment - Determination of water vapour transmission 

properties 

 

The Cup experiment is performed within a chamber where the temperature and humidi-

ty should be constant. During the experiment a computer logs the data.  

Within this project there have been some periods where the computer stopped logging 

and times were the equipment had been switched off for shorter periods of time during 

the measurements. 

 

5.3.2.1 Mass Change  

The graphs (Figure 4-24 - Figure 4-27) show the change in mass over time. As mentioned 

in the theory section 2.5.1 the mass change rate is determined and used as a criterion for 

when the measurements can be stopped. 

The criterion is based on the individual samples whereas within this project the meas-

urements are continued until all samples in the same series are within the criterion at the 

same time. For most of the materials the tendency is that it takes only 6-7 measurements 

before this criterion is reached. This seemed somewhat surprising and therefore the 

measurements where continued much longer.  

 

 For the materials (Figure 4-25 and Figure 4-26): Multipor, Bricks, Mortar (car-

bonated) and Mortar (NON-carbonated) the tendency is that the mass change 

is constant for a longer duration of time, hence the experiment is stopped and 

the slope of the graphs determined.  

 For the Foam Concrete (Figure 4-24) and the Raw Gypsum (Figure 4-27). There 

is a slightly other tendency. After the first stable period (5-6 determinations) 

the mass change start too flattened out. For both materials it takes about an-

other 30 measurements before the secondary stable period occurs.  

The Slope of the curve is determined for both the first and the secondary peri-

ods.  

 

5.3.2.2 Comparing the materials 

The traditional materials (Brick, Mortar and gypsum) can be compared with similar 

products from literature (Gottfredsen & Nielsen, 2008). The comparison is seen from 

Table 5-3. (Not all determined parameters are compared.)   

 

For most of the materials the deviations are relatively small when comparing the project 

results with the ones form literature.  

The most noticeable variation is the SECONDARY measurement of the Gypsum board 

here the μ-value is way too high when compared. The reason for this is likely to be 
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caused by the saturated salt drying out inside the cup as a result of the gypsum being 

very diffusion open.   

Table 5-3 Comparison of the traditional materials 

 

Project 

Results 

(avg.) 

Unit 

From Literature 

(Gottfredsen & 

Nielsen, 2008) 

Unit 

Bricks 17 δ [
kg

msPa
∙ 10−12] 20-40 δ [

kg

msPa
∙ 10−12] 

Mortar (Carbonated) 25 δ [
kg

msPa
∙ 10−12] 

Lime Mortar: 

10-30 
δ [

kg

msPa
∙ 10−12] 

Mortar (NON-carbonated) 28 δ [
kg

msPa
∙ 10−12] 

Gypsum board (13 mm) 

FIRST 
0.3 Z [

Pa ∙m2∙s

kg
∙ 109] 

0.3-0.5 Z [
Pa ∙m2∙s

kg
∙ 109] 

Gypsum board (13 mm) 

SECONDARY 
1.35 Z [

Pa ∙m2∙s

kg
∙ 109] 

 

Multipor 

The measured values of the Multipor can be compared with the product datasheet from 

the manufacturer (Annex A):  

From the experiment the average μ-value is 3.1 [-] whereas the datasheet states a μ-

value of 5[-] hence the measured value is about 40 % lower than the ones stated by the 

manufacturer. This variation may result from difference in the way the measurements 

are conducted hence uncertainties.  

 

Foam Concrete 

The Foam Concrete is measured to have a μ-value of 1.9 [-] in average for the FIRST 

stable period. The SECONDARY stable period gives a result of 7.8 [-] which is about 4 

times higher.  

The reason for this variation is likely to be caused by the drying out of the saturated salt 

due to relatively high vapour permeability.       

 

When comparing the Foam Concrete with the Multipor it is seen that the water vapour 

resistance factor (μ-value) is about 40% lower for the FIRST stable Foam Concrete than 

for the measured value of the Multipor.   

 

5.3.2.3 Paint samples 

The paint samples are as mentioned in the method section 3.3.2.6 only made in series of 

3 though the standard normally requires 5. All paint samples are placed below the venti-

lation duct in the chamber.  
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The relative humidity and temperature below the ventilation ducts is measured with the 

use of a HOBO logger. These measurements are used for the determinations.  

 

The Paint samples are used to determine the Water vapour diffusion resistance (Z-value) 

of the different coats of paint. As seen from Figure 4-33. There is a tendency that the 

amounts of coats of paint behave linear in terms of Z-values. It is however difficult to 

conclude whether this tendency is continues.    

Since the Gypsum is determined for both the FIRST and SECONDARY stable period 

this leads to two parallel lines since the Z-value of the raw Gypsum is the only value to 

be changed.  

Due to measuring uncertainties the Z-value of the coats of paint may be negative ones 

the Raw gypsum is subtracted the Total measured value. Since negative Z-values are 

impossible the assumption is made that the Z-value of the coat of paint is equal to zero. 

This only occurs with the determination of the Z-value for the SECONDARY Primer. 

 

5.3.2.4 Source of Errors 

The following section describes the source of errors within the Cup Experiment. 

 

Preparation of the samples: 

 During the preparation of the samples the epoxy had a tendency to leak out onto 

the area of measuring hence reducing the actual area where vapour can diffuse 

through the material. As a consequence many of the samples have areas smaller 

than what is required according to the standard.  

 The materials with large open pores are sealed with silicone to avoid sealant 

running into the holes. The issue with silicone is making sure the void between 

the sample and the acrylic ring is sealed properly.  

 Many of the samples come from existing products and are drilled and cut to fit 

within the cups. This preparation process may lead variations in thicknesses and 

diameters.  

 Placement of the sample within the acrylic ring. The sample should be placed in 

the exact centre of the acrylic ring. However this is very difficult in practice.  

 One of the Raw Gypsum samples failed to be within the 5% deviation in the 

FIRST stable period. The deviation was 5.89% which was found to be accepta-

ble.     
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Preparation of the Cups: 

 Measuring the air layer above the salt and below the sample. 

 The amount of saturated salt within the cups.  - How large a quantity is salt and 

how much is water. 

 Sealing of the cups.   

 

Measuring: 

For the samples placed below the ventilation duct there is a risk of stagnant air above 

the sample which may have an impact on the vapour transport properties.   

 

The barometric pressure should ideally be measured within the room were the samples 

are placed, but since the measuring equipment  is out of order daily measurements are 

determined from DMI. 

 

Drying out of the salt is presumed to be the case for the SECONDARY measurements 

of Gypsum and Foam Concrete. 

 

Finally there are some periods were the equipment was not running due to ongoing 

maintenance work within the building were the equipment is placed. In short periods the 

data logging stopped for unexplained reasons and one time only the heating and ventila-

tion within the room had stopped.  
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5.3.3 Guarded Hot Plate – Determination of thermal conductivity by 

means of guarded hotplate 

 

The GHP experiment is only carried out for the two products Foam Concrete and the 

Multipor.  As seen from the graphs (Figure 4-37 and Figure 4-38) six samples of the Foam 

Concrete is tested and four samples of the Multipor. 

 

The uncertainties that are included in Figure 4-38 are determined by a standard method of 

adding independent uncertainties from the measuring equipment and measuring tech-

niques. These values are shown in (Annex OO/ Annex file 4).   

 

All samples besides “Foam Concrete #4 (after 105°C)” are preconditioned within the 

measuring room where the temperature is on average 18.3°C and the relative humidity 

is about 34%  during the measuring period.  

 

5.3.3.1 Foam Concrete 

The measurements of the thermal conductivity (λ-value) varies from the lowest being 

0.057 W/mK to the highest of 0.072 W/mK.  

 

Below is a short description of the samples: 

 

 Samples #1 and #5 were found to be cracked after the measurement. The reason 

for this is simply that the weight of the cooling surface has broken the very brit-

tle material.   

 Sample #2 is the best half of a boundary layer and was tested to see how this 

part compares to the others.  

The λ-value is higher than most of the other samples however slightly lower 

than the ordinary sample #3. 

 Sample #4 is tested twice first being preconditioned within the room and second-

ly the sample is placed within an oven at 105°C for two days before being 

placed on the GHP.  

From the results it is seen that this test had no significant impact on the thermal 

conductivity.  

 

The average value is based on all the samples hence the difference of the samples as 

mentioned above is not considered. The average is 0.064±0.005W/mK. The standard 

deviation is relatively high due to the difference in the measurements.  

 

The reason for the Foam Concrete having such big variations in thermal conductivity 

may be a result of the product being less uniform than it is presumed to be and the fact 
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that the pores within the material are rather large when compared to the Multipor. Larg-

er pores might lead to increased convection within the pour hence increased thermal 

conductivity.     

5.3.3.2 Multipor 

The thermal conductivity of the Multipor is seen to be much more consistent than what 

is the case for the Foam Concrete. The lowest measured λ-value is 0.044 W/mK.The 

highest is 0.049 W/mK.  The average is determined to be: 0.046±0.002W/mK.  

From the product datasheet (Annex A) the thermal conductivity is given as λdry10 = 

0.042 W/mK.  

Since the measurements within this project are determined at a higher relative humidity 

the values are not directly comparable. 

 

5.3.3.3 Source of errors 

The following section describes the source of errors within the GHP Experiment. 

 

 Variations in temperature and humidity within the measuring room.  

 The temperature of the cooling surface and the hot plate are not logged constant-

ly through the duration of the experiment (Only logged manually a couple of 

times a day).  

 Faulty measuring equipment.  

 The contact between the material sample, thermopiles and hot/cooling surface 

may be insufficient. 

 Insulation around the samples may be insufficient hence leading to unwanted 

heat loss. 

 Cracked samples (Foam Concrete) may cause an uncontrolled heat flow through 

the sample.     
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5.3.4 DCS – Destructive capillary suction method 

The purpose of this method is to determine the diffusivity (Dw) of the Foam Concrete 

expressed by the wet-dry ratio.  

 

Based on the actual measured values of wet-dry ratios (Annex file 6) and the graph 

(Figure 4-48) it is seen that there are many situations in which the ratio over time in-

crease and then decrease again. This however is a very unrealistic development as the 

samples should become more saturated over time.  

 

For use in further investigations it is necessary to have a logical description of the de-

velopment of the wet-dry ratio through the sample based on the height. 

It is necessary to use values that fulfil simple logical requirements for further investiga-

tions. The following requirements are made: 

 

1. The mass of each piece of a sample should only increase over time as a result of 

the logic of materials being more saturated over time.  

2. The wet – dry ratio should for each sample piece decrease the further the piece is 

from the water surface. 

 

A sorting of the measured values that fulfil the two requirements let to the values shown 

in Table 4-9.  

If some of the time steps that fulfil the requirements (Table 4-9) has less than 4 measuring 

points left the whole time step is discarded. This is to ensure that the amount of points 

left is representative enough to get a reasonable precision when finding the character-

ised values. The non-linier fit from the homepage (Xurus, 2015) is used.  

The final measured values that were left after the sorting are shown in Table 4-10.  

The time step that are left and used are: 2 min, 4 min, 1 hour, 4 hour, 8 hour, 16 hour, 

24 hour, 48 hour and 96 hour. 

The non linier fit is used to ensure that more realistic values can be obtained based on 

the known tendencies of measuring points.  

The use of linier fit is used to find equations that describe the wet – dry ratio (y) based 

on the time step (x) for a known part of sample (Annex MM/Annex file 6).  

Based on the characterised values (Annex NN) the linier fit is used in cases where the 

measured values did not fulfilled the logical requirements. 

The combination of measured values and calculated values (Table 4-11) is then used in a 

non linier fit to find equations that describes the wet dry ratio (y) dependent on the 

height of sample (x) for each of the time steps (Annex MM/Annex file 6). From the 

theoretical values (Table 4-12 & Figure 4-50) it is seen that they fulfilled the logical re-

quirements for the pieces up to a height of 110mm (0.11m) but it was not possible to 

fulfilled it for the last part of the samples (0.11m – 0.15m). This is due to the very small 

variation in values between each time step. The variation is relatively small and it is 

assumed to have almost no impact on the tendencies of the result with the values vary-
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ing from u=0.075 kg/kg to 0.0492 kg/kg. Which will result in very small areas between 

the regression lines which is used in the determination of Dw (Table 4-12).  

The determined values of Dw (Water diffusivity) varies between 7.69·10
-7

 to 1.33·10
-3

 

[m
2
/s]. 

To get a more general representation of the water diffusivity of the sample the majority 

of the values are found to be in the higher parts of the sample (3-6 cm from the sub-

merged surface) where the values vary between ~1.00·10
-3

 to 1.3·10
-4

 [m
2
/s]. The wet-

dry ratio of the same are varies between ~ 0.06 - 0.3 kg/kg.  

When comparing the water diffusivity to values of AAC that varies between 0.7·10
-9

 – 

1.7·10
-8 

[m
2
/s] (Gottfredsen & Nielsen, 2008) It is seen that the diffusivity of Foam 

Concrete is higher than.  

When the determined water diffusivity (Dw) is compared to the wet-dry ratio (Figure 

4-51) it is seen that the diffusivity becomes lower the higher the wet-dry ratio (u) is. This 

makes sense as the diffusivity is low in the saturated parts of the material.  The devel-

opment could be described by the equation: 

𝐷𝑤 = 1 ∙ 10−5𝑢−1.532 

It is seen that there is a gap between the measured values of the first slice at 10mm from 

the surface compared to the 20 mm slice. This is due to the high change of wet – dry 

ratio between the two cuts (Table 4-11). This indicate that the first 20 mm of the material 

has very high change rate of moisture content (αw)  as a result of high amount of water 

in this part of the sample. This could result in a higher quantity of moisture being stored 

in the sample which may have a negative consequence resulting in a wet insulation ma-

terial. 

 

5.3.4.1 Source of Errors 

The deviation in percentage between the original measurements and the characterised 

values are shown in Table 5-4 .   

Table 5-4 deviation in percentage of characterised values (Table 4-12) with measured wet dry ratio val-

ues Table 4-8 

 

120 480 3600 14400 28800 57600 86400 172800 345600 

0.01 0 0 12 0 0 0 0 0 13 

0.02 2 0 13 48 6 0 19 0 5 

0.03 9 22 68 49 3 4 27 3 11 

0.05 4 2 45 14 13 62 4 10 8 

0.07 4 4 17 21 14 35 11 18 23 

0.11 1 11 4 4 8 7 8 5 14 

0.15 12 19 7 8 13 7 7 5 19 

 

If the values are compared with the values found by the linier fit according to each piece 

over time (Annex file 6), following uncertainties in Table 5-5 are found. 
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Table 5-5 characterised values( Table 4-12) compared with the generalised values according to time 

(Table 4-11) 

0 120 480 3600 14400 28800 57600 86400 172800 345600 

0.01 0 0 4 0 0 0 0 0 0 

0.02 2 0 13 4 1 0 0 0 5 

0.03 9 56 68 15 3 4 1 3 11 

0.05 4 2 9 14 2 13 4 10 8 

0.07 4 4 7 21 14 11 11 18 23 

0.11 1 4 4 4 8 3 8 5 14 

0.15 2 1 7 8 2 7 1 5 14 

 

It is seen that greatest uncertainties are found in the situation where the equations make 

radical changes. E.g. when going from being very straight linier in a vertical direction 

and then changing to a more horizontal.  

It is seen that the biggest change in the diffusivity happens at the first 20 mm of the 

sample from the water surface. 

The reason for the high amount of measured results that did not comply with the logical 

requirements may indicate that the material samples were not as similar and uniform as 

first anticipated.  

The reason for values that did not make sense could be the result of: 

 The Samples was not weighted fast enough after it had been cut out and as a 

consequence some water had vaporised before weighting of the sample. 

 The slice itself may induce a slight increase in heat due to friction hence causing 

some unforeseen evaporation. 

 The material is not uniform which results in varying moisture transport in the 

different samples. 

 A Consequence of the materiel not being uniform could result in moisture being 

stored differently through the material. 

 The samples are cut inaccurate do the process. 

 Some material from the samples may have been lost in process between the wet 

and dry measurements. 

 Inaccuracy of scale or insufficient precision. 

 

In general the ‘clean-up’ process used in determining the diffusivity will lead to deviat-

ing results when compared to the actual measured values. Therefore the result of the 

water diffusivity (Dw) should be used wisely.  

The uncertainty of the initial values found is due to the high variation of measured val-

ues. The high variation is due to the high variation in material (uniformity between the 

samples) and the precision when slicing the samples. 
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5.4 Theoretical investigation – Delphin program 

The used weather data is based on new DRY values from DMI based on values measure 

from 2001-2010. 

5.4.1 Steady state 

For the steady state situation, it is found that the difference in relative humidity is   

~72-95 % for the Foam Concrete and ~71-97 % for the Multipor. The fluctuation is 

higher for the Multipor but it this might be due to the difference in lambda value, which 

result in higher level of temperature which is seen as well. The peak RH is 95% and 

97% which indicates that the impact of insulating material with better properties for 

moisture and vapour transport is relative low. 

 

It is seen according to steady state, that whether the number of coats of paints is 2 or 4 

coats of paint do not have any significant impact on the relative humidity through the 

wall. 

 

5.4.2 Transient calculation 

The calculation was made for three years, it was in general seen that there were not any 

clear difference in whether insulation is treated with diffusion open paint, two coats or 

four coats of paint. 

 

For the two kinds of insulation materials it is seen that the temperature is 1°C higher for 

Foam Concrete in the winter period.  

During the winter period it is seen that the relative humidity is increasing for the Multi-

por reaching a maximum of approximately 97 % (Figure 4-45) in point B and C.  

Foam Concrete reaches a maximum of 95% (Figure 4-44) for measuring points B and C.  

 

It is seen in the case for Foam Concrete that in general there is a tendency that the rela-

tive humidity is lower in the colder periods but increase the relative humidity in the 

summer period. This gives an indication that the overall fluctuation is more stabilised 

over the year with the use of Foam Concrete compared to the use of Multipor. 

 

In general it is seen that both insulation solution in longer period has humidity above the 

critical level for mould and fungus growth (85% for concrete). As such it would be ex-

pected that a wall with this scenario would be in the risk of having moisture problem 

over time.  
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5.4.3 Uncertainties with the investigation 

The investigations of the materials used in Delphin are based on practical investigations 

of materials that have their own uncertainties.  

  

The calculation is based on temperature of 3 years which may be not a precise represen-

tation of the weather in the future. The impact of rain value is not used only the change 

of Relative humidity.  

The material properties determined within this project do not cover all properties in 

Delphin hence some parameters are based on other materials that may have variance in 

performances.   
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5.5 Comparison of Full scale with Theoretical investigation 

In order to make a fair comparison of the full scale experiment with the theoretical in-

vestigation the walls placed in the centre part of the cooling chambers are used. These 

walls are the ones that have conditions on either side that resemble the theoretical values 

the most.   

Within the boundary layer (point “c”) the relative humidity stays at a 100% for the dura-

tion of the full scale experiment for both Foam Concrete and Multipor. The simulations 

show values of about 95% for the wall with Foam Concrete and 97% for the one with 

Multipor. The temperatures at the same point are within the full scale test about 10°C 

for either of the products and within the simulation the same point is 9.1°C for the Foam 

Concrete and 7.7°C for the Multipor. 

When comparing the points “f” the Foam Concrete within the full scale experiments 

gives a temperature of approximately 17.5°C and the Multipor about 17°C. These val-

ues are close to the ones found within the simulation where the Foam Concrete is 

16.7°C and the Multipor is 16.9°C. 

The Indoor temperature in the full scale experiment is slightly higher than the one used 

in the simulations which may cause some variation. The “outdoor” environment is very 

fluctuating which is not the case for the simulation. 

The simulation shows that the Multipor should have a slightly higher surface tempera-

ture than the Foam Concrete whereas the full scale experiment shows the opposite.  

A reasonable explanation could be the fact that the foam concrete mounted to the walls 

may have a thermal conductivity lower than what is used in the simulations. From the 

GHP experiment it is seen that the standard deviation is relatively high for this product.  
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6  
CONCLUSION 

The following chapter concludes the project. The conclusions are made in the following 

order: 

 Foam Concrete - Investigation  

 Full scale experiment – Cooling Chamber 

 Material Properties 

 Theoretical Investigation – Delphin 

 Comparing the Full scale with the Theoretical investigations    
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6.1 Foam Concrete – Investigation 

Within this project it seen that it is possible to create a relatively light product that can 

be used as an interior insulation material. The best Foam Concrete recipe developed 

within this project uses 9 kg Aalborg Rapid Cement, 4.5 kg of water, 0.18 kg of NWF-S 

and 75 volumetric Litres of Foam generated from 13.2 kg of water and 0.4 kg of SL200-

L. This leads to a final mixture of approximately 75 L Foam Concrete.  

The mixing time of the foam concrete is an important factor as too little mixing will 

make the product inhomogeneous and too much cause the foam too loose its structure. 

Within this project the best mixing time is about 20 min.  

This recipe leads to a product that has a thermal conductivity of approximately 

0.064W/mK which is a compromise as this product is strong enough to be handled but 

still very fragile. Other recipes gives lower thermal conductivities down to 0.05W/mK 

however these products are not suited for internal insulation.        

 

In general there is an overall variation in densities ranging from 48 kg/m
3
 to 372 kg/m

3
. 

The samples that lasted throughout the drying period have thermal conductivities rang-

ing from 0.050 W/mK to 0.085 W/mK. It is seen that the thermal conductivities can be 

decreased by placing the products within an oven at 105°C for 24 hours until all mois-

ture evaporates.       

 

From the investigation it can be concluded that there is still many options in varying and 

adjusting the recipe hence getting a much more durable product by adding aggregates or 

other chemicals to the mixture.  
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6.2 Full scale experiment – Cooling chamber 

The task was to create a 1-Dimensional steady state measuring arrangement where dif-

ferent insulation samples can be tested at similar conditions. The goal was to create an 

average “outdoor” environment during the winter season, without the effect of driving 

rain.  

The relative humidity within the cooling chamber is reached with the use of plain de-

mineralised water and on average the RH= 85% ±5%. The goal was RH = 90%. The 

temperature within the cooling chambers is on average 3°C±0.5°C whereas the goals 

was 3°C±0.2°C. Thus it can be concluded that the environment within the chamber is a 

representative average winter period without driving rain.  

The indoor environment should ideally be 20°C with a RH =60%. The temperature 

within the room during the experiment is 20°C±0.5°C. The relative humidity is fluctua-

tion quite a lot and not until the end of the measuring period the humidity is 62%±3%. 

The effect of the fluctuating relative humidity has a relatively high impact on the steady 

state conditions hence it can be concluded that steady state is not reached within the 

duration of the measuring.     

 

From the full scale experiment it is seen that ones the interior insulation is mounted to 

the surface of the existing lime mortar render the temperature drops and the relative 

humidity increases to 100% as a result of the application of wet glue mortar. The RH 

stays at this level for the duration of the measuring period.  

 

It is seen that there is nearly no difference in using the self-developed Foam Concrete or 

the Multipor in terms of humidity and temperatures though they have different thermal- 

and liquid moisture properties. The vapour diffusion properties are relatively similar. 

 

There is no evidence within the measuring period whether the use of diffusion open 

paint or ordinary paint has any impact of the vapour transport through the construction.  

 

Most importantly it can be concluded that within the measuring period equilibrium is 

not obtained between the “indoor” and “outdoor” environment.  
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6.3 Material Properties 

Within this project the characteristic materials properties for use in the theoretical inves-

tigations are determined. It is seen that the material properties for the ordinary construc-

tion materials (Brick and Lime Mortar both carbonated and NON-carbonated) are com-

parable with values found in literature hence the experiments are performed to some 

degree of contentment. As an unforeseen affect the NON-carbonated Lime Mortar has a 

water uptake coefficient (Aw) about 33% higher than the one determined for the Car-

bonated Lime Mortar.  

 

For the silicate based insulation materials Foam Concrete and Multipor it is seen that in 

terms of water vapour transport properties they are in the same range. Foam Concrete 

having a μ-value of 1.89[-] and a δ-value of 103.9·10
-12 

kg/m·s·Pa whereas the Multipor 

has a μ-value of 3.11[-] and a δ-value 63.2·10
-12

 kg/m·s·Pa. The Foam Concrete is about 

40% more diffusion open than the Multipor. 

In terms of liquid moisture transport the water uptake coefficient (Aw) is much higher 

for the Foam Concrete (0.078 kg/m
2
s

0.5
) than for the Multipor (0.002 kg/m

2
s

0.5
). From 

these measurements it can be concluded that the Foam Concrete has a much higher ca-

pillary suction than the Multipor hence liquid moisture transport will happen at a much 

higher pace.  

 

The dry density of the Foam Concrete is determined to be 147 kg/m
3
. The initial goal 

was to be within the range of 100-150 kg/m
3
. The determine density of the Multipor is 

98 kg/m
3
. When determining the open porosity the variation between the two products 

is very small. The Foam Concrete being about 94% whereas Multipor is about 96%.       

 

The thermal conductivity of the Foam Concrete is on average determined to be λ = 

0.064±0.005 W/m·K whereas the Multipor is determined to have λ=0.046±0.002 

W/m·K. As a result of the Foam Concrete having a widely spread in λ-values the con-

clusion is that the product is less uniform than first anticipated or that the effect of larger 

pores lead to a higher thermal conductivity. 

 

The water diffusivity (Dw) of the Foam Concrete is determined within the DCS-method.  

The diffusivity is primarily varying between 7.7·10
-7

 to 1.3·10
-3

 [m2/s]. The highest 

increase happens between 1 cm and 2 cm from the wet surface. From 3 cm it is seen that 

the water diffusivity varies between ~1.00·10
-3

 to 1.3·10
-4

 [m2/s] at wet-dry ratios vary-

ing between ~0.06 to 0.3 kg/kg. 

The final characterised values of DSC–method deviates at some points a lot compared 

to the initial measured values even though the method was repeated three times. This 

gives an indication that the Foam Concrete is less uniform than first anticipated. 



 

Conclusion 

147 

6.4 Theoretical investigation - Delphin 

The theoretical investigation in Delphin for the same indoor conditions as the ones used 

in the full scale experiment (RH = 60% and Temperature 20°C) indicate that for a tran-

sient simulation without the effect of driving rain the use of Foam Concrete will de-

crease the relative humidity in the boundary layer between the lime mortar render and 

the insulation material with approximately 3-4% compared to the Multipor. This is 

however only the case during the heating season (Oct. – Mar.). 

For a Steady state calculation with outdoor temperatures of 3.4°C and a RH=85%. The 

use of Foam Concrete gives a relative humidity of 95% in the boundary layer which is 

about 2% lower than the Multipor. The temperature in the same point is 9.1°C for the 

Foam Concrete and 7.7°C for the Multipor.  

However it is seen that temperatures close to the interior surface only vary 0.2°C from 

16.7°C for the Foam Concrete to 16.9°C for the Multipor.  

In terms of the thermal indoor comfort it can be concluded that whether using one or the 

other product makes no difference.       

The investigation shows that generally the level of Relative humidity in the boundary 

layer for both materials (Foam Concrete and Multipor) is high throughout the heating 

season. The relative humidity is above 85% within the entire period however condensa-

tion does not occur at any given time in the point. The humidity is however in the criti-

cal range for mould and fungus growth.  

 

Within a 3 year transient simulation it is seen that the effect of using diffusion open or 

ordinary paint (2-4 coats of paint) has no clear impact on the humidity within the con-

struction.    
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6.5 Comparison of Full scale with Theoretical investigation 

When comparing the two types of investigations there are seen similar tendencies in 

terms of temperature. The Foam Concrete is however better performing in the full scale 

experiment than in the simulations whereas the Multipor only deviates with 0.1°C on 

the surface between the two investigations. The humidity is seen to be high in both cas-

es and as the full scale walls are still drying out it is difficult to conclude how the RH 

will be in the boundary layer ones it reaches equilibrium.  
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7  
PERSPECTIVE 

The following section describes some of the further research that has evolved through 

the different analyses and investigations carried out within this project.    



 

Perspective 

150 

 

7.1 Foam Concrete  

Throughout the development of a foam concrete recipe the following ideas are empha-

sised. 

 

 Investigation of the strength of the material in terms of tension and compression.  

 Adding of chemicals and other aggregates to the mixture in order to get a more 

manageable product.   

o Glass fibres; plastic fibres; Perlite (other grain sizes). 

 Adding or changing product to try and reduce the density and the thermal con-

ductivity. 

o ESP (Expanded polystyrene) 

o Additionally reducing the amount of cement if the strength issues are 

solved. (Adjusting the W/C – ratio)       

 Adjusting the foam production settings.  

o Varying the amount of foam liquid 

o The amount of air in the foam (dilution valve setting) 

 Influence of the heating of the samples and curing 

o Investigate whether there is any significant improvement when cured for 

the optimal of 28 days. 

o 50°C vs 105°C   

o Time of Heating 

 Suitability considerations  

o Use of re-cycled materials 

o Use of fly ash 

o Use of slurry  

 Production and mounting methods 

o Is it possible to use ordinary concrete mixer? 

o Is it possible to use the foam concrete as a spray-on system? 

o Investigate the influence of the mixing time and trying to find an optimal 

based on the amount of cement and foam added to mixture.  

o Improving the mixing and curing process to avoid or minimize the 

boundary layers. 

 Other applications 

o Acoustic properties – The foam concrete has a very pores structure might 

have good sound absorbing properties.  

o Infill or substitute of ordinary concrete for instance in bridges.    
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7.2 Full scale experiment – cooling chamber 

Full scale setup using refrigerators are a cheap way of trying to establish controlled en-

vironment however there are some improvement and considerations to make. 

 Improvement of the temperature fluctuation 

o Increased convection within the camber 

 Fans  

 Ribs that somehow increase the area of the cooling sur-

face –hence induce added convection.   

 Adjusting the climate within the refrigerator  

o A system that may induce “rain” to try and see the effect on how 

well different systems perform when the effect of liquid moisture 

is taken into account.  

 This will need a clever design and as a minimum a drain 

cutter and pump system.      

o Wind   

 In combination with water hence simulate driving rain.  

 Adjusting of the climate in the Room  

o Temperature and Relative Humidity 

 

The effect of impregnation of the walls could be considered if rain is induced in the sys-

tem.  

 

7.3 Other aspects 

For paint samples investigations it could be interesting to check the effect of older paint 

samples compared with the new ones. Maybe even going into extreme cases to check 

whether the linier tendency found within this project continues as more coats of paint 

are applied. And is there a limit?  

 

When determining the Water Diffusivity (DW) of the foam concrete with the use of the 

DCS-method it could be an improvement to use samples that are only 100 mm high and 

is cut into 5 pieces. The cutting method could be improved with a more precise method 

e.g. 3D-rpinting a slicing box and ensuring that dirt from the cutting do not get stuck. 

In the calculation of DW it might be possible to obtain the flowrate and slope of the 

curves by simple vector based calculations based on the sorted measured values instead 

of non-linier fit.   

 

A more comprehensive investigation in Delphin:  

 The investigation with the materials performance with the effect of rain. 

 Long term effect of the build-up of moisture due to cracks in the wall. 
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