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1 Problem definition 

For an innovation project in Italy, a wooden wall foundation with the product 
“System Radicsol” is evaluated in this study concerning its moisture perfor-
mance by hygrothermal simulation.  

The calculations are carried out for a timber frame wall structure at three differ-
ent climatic locations in Italy. In addition, the moisture conditions in the soil are 
varied. 

2 Performed investigations 

The simulations are performed with the software model WUFI® [1]. This soft-
ware is able to calculate the transient heat and moisture transport performance 
of building components and materials under real climatic conditions. WUFI® is 
developed by the Fraunhofer Institute for Building Physics (IBP) and has been 
validated by numerous field and practice tests worldwide. WUFI® fulfills the re-
quirements of the German DIN 4108-3 Appendix D [2], the European Standard 
EN 15026 [3] and the WTA Guideline 6-2 [4] for hygrothermal simulations. The 
simulations of the foundation connections are performed with the version 
WUFI® 2D 4.3. 

The component assemblies used for simulation of the investigating foundation 
are shown in Figure 1 and Figure 2. In the figures also the assumed climatic 
boundary conditions are provided. Figure 3 and Figure 4 show the connection 
of the “Radicsol System” in detail with the different sealing foils. 

 

Figure 1: 
Component assembly according to the clients specifications for modeling in 
WUFI  2D for case 1 with specification of the used boundary conditions (soil 
considered as material layer and 99 % RH in the soil boundary). 
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Figure 2: 
Component assembly according to the clients specifications for modeling in 
WUFI  2D for case 2 with specification of the used boundary conditions (no soil 
material layer; 100 % RH and permanent water supply in the soil boundary). 

The wall assembly from outside to inside: 

Resin Finishing Coat   0.3 cm 
(acrylic stucco, A-value 0.1 kg/m²h-1)  
Mineral Plaster (A-value 0.1 kg/m²h-1) 0.7 cm 
Roxul FacadeRock   14 cm 
CLT board  12 cm 
Flax Insulation Board  5 cm 
Gypsum Board   1.25 cm 
Gypsum Board  1.25 cm 

 

The floor assembly from top to bottom: 

Granite   1.5 cm 
Concrete Screed  5 cm 
XPS    8 cm 
Perlite Fill  11 cm 
Vapor barrier (sd = 1500 m)  
Concrete   30 cm 
Soil (only for Case 1)   50 cm 
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Figure 3: 
Detailed drawing of the component assembly according to the clients specifica-
tions for modeling in WUFI  2D. 

 

Figure 4: 
Detailed drawing of the component assembly according to the clients’ specifi-
cations for modeling in WUFI  2D. 

The material parameters are used according to the information provided by the 
client or taken from the WUFI® material database. Since no hygrothermal pa-
rameters are available from the manufacturer for the “perlite fill”, the material 
parameters of a perlite fill of a brick from the WUFI® material database was 
used, which presumably has very similar properties. Perlites have a very low 
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moisture storage capacity, which led to numerical problems when it came to 
condensation in the calculation for the colder and more humid climate location 
Sterzing/Vipiteno. Since the first calculations showed that the exact moisture 
properties of the perlites have little influence on the results, a numerically more 
favorable material with a higher moisture storage capacity is used instead for 
the location Sterzing/Vipiteno. A table with the foils used in the calculation and 
their sd-values as well as the material data sheets of all materials used are 
shown in the appendix. 

For the outdoor climate, the hourly climate data of the locations Rome (1,425 
so called “heating degree days”), Verona (2,371 heating degree days) and Ster-
zing/Vipiteno (4,463 heating degree days) are used, which were provided by 
the client. Indoor climate conditions with normal moisture load according to 
EN 15026 [3] are assumed, whereby the indoor climate is derived from the out-
door temperature. In the following diagrams, for each of the three locations 
Rome (Figure 5), Verona (Figure 6) and Sterzing/Vipiteno (Figure 7), the courses 
of temperature and relative humidity over one year are shown for both the out-
door and the indoor climate. For the outdoor climate (top diagrams), the light 
curves represent the hourly values, the darker curves show the floating monthly 
average. 

 

Figure 5: 
Temperature and relative humidity of the outdoor (top) and the indoor climate 
(bottom) in Rome over one year. For the outdoor climate, the light curves rep-
resent the hourly values, the darker curves show the floating monthly average. 
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Figure 6: 
Temperature and relative humidity of the outdoor (top) and the indoor climate 
(bottom) in Verona over one year. For the outdoor climate, the light curves rep-
resent the hourly values, the darker curves show the floating monthly average. 
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Figure 7: 
Temperature and relative humidity of the outdoor (top) and the indoor climate 
(bottom) in Sterzing/Vipiteno over one year. For the outdoor climate, the light 
curves represent the hourly values, the darker curves show the floating monthly 
average. 

Two cases are examined as boundary conditions in the soil. In case 1, 50 cm of 
the soil is also considered in the calculation in order to take into account a real-
istic heat up of the moist soil by the adjacent building component. A constant 
relative humidity of 99 % is assumed for the “underside” of the soil. The tem-
perature curve is derived from measured values at Holzkirchen at a depth of 
1 m below the ground surface (undisturbed area). This temperature curve is ad-
justed for the respective location by means of a temperature shift. The annual 
mean temperature in Holzkirchen is 6.4 °C. In Rome, the annual mean temper-
ature of the measured data is 16.6 °C, in Verona 13.9 °C and in Sterzing/Vipi-
teno 6.9 °C. Thus, the measured soil temperature course is increased by 10.2 K 
in Rome, by 7.5 K in Verona and by 0.5 K in Sterzing/Vipiteno.  

In case 2, standing water is simulated under the concrete slab. Therefore, no 
soil is calculated here, so that the temperature and humidity conditions are di-
rectly applied to the concrete slab. The relative humidity is set to constant 
100 %, and liquid water is present to be absorbed by the concrete. The tem-
perature curve is derived analogously to case 1 from the measured values at 
Holzkirchen but at a depth of only 0.5 m. The adjustment via the temperature 
shift is performed like before. The assumed soil temperature curves at a depth 
of 1 m and 0.5 m are shown for the three locations in Figure 8. 
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Figure 8: 
Soil temperature curves at 1 m (left) und 0.5 m depth (right) at the locations 
Rome, Verona and Sterzing/Vipiteno over one year. 

An equilibrium moisture content of 99 % RH is used as initial moisture content 
in the soil and 95 % RH in the concrete. All other materials provide an initial 
moisture content related to a relative humidity of 80 %. This means that the 
materials have a slightly increased moisture content compared to the normal 
built-in level. 

The calculations start in October and are performed over a period of three 
years. The parameters for the simulations are summarized in Table 1. 
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Table 1: 
Boundary conditions for the simulations of the wooden wall foundation.  

Exterior surface „wall“  

Outdoor climate  Climate data from Rome, Verona and Sterzing/Vipiteno 

Inclination  90 ° 

Orientation North 

Convective heat transfer coefficient  17 W/m²K 

Short-wave radiation absorptivity 0.4 (normal bright stucco) 

Long-wave radiation emissivity 0.9 

Explicit radiation balance not used 

Adhering fraction of rain 0.7 (depending on inclination of component) 

Exterior surface „ground“  

Outdoor climate Climate data from Rome, Verona and Sterzing/Vipiteno 

Inclination 0 ° 

Orientation North 

Convective heat transfer coefficient 19 W/m²K 

Short-wave radiation absorptivity 0.4 

Long-wave radiation emissivity 0.9 

Explicit radiation balance used 

„Exterior surface“ against soil  

Temperature „soil“ 

Temperatures measured in Holzkirchen  
at 1 m (case 1) resp. 0.5 m depth (case 2)  
adjusted by means of temperature shift 
to the respective location 

Relative humidity „soil“ 
constant 99 % RH (case 1)  
resp. 100 % RH (case 2) 

Convective heat transfer coefficient  (direct contact) 
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Interior surface  

Indoor climate 
Indoor climate with normal moisture load  
according to EN 15026  
derived from the respective outdoor climate  

Convective heat transfer coefficient 8 W/m²K 

Others  

Initial conditions 

Soil (only case 1): 
Equilibrium moisture at 99 % RH 
Concrete: 
Equilibrium moisture at 95 % RH 
Remaining materials:  
Equilibrium moisture at 80 % RH 

Calculation period 3 years 

Calculation start October 1st  

 

3 Results 

The evaluation of the wooden wall foundation is based on the water content in 
the CLT board and in the XPS underground insulation (see Figure 9). The total 
water content of the components plays a minor role and is dominated by the 
drying concrete so that, this evaluation is not meaningful in that case. 

The “Radicsol Element” itself does not contain any moisture-sensitive materials 
except for the spruce. Since spruce is required only for the installation of the 
“Radicsol Element” and has no permanent function, it can be regarded as “lost 
formwork” and is therefore not included in the evaluation. 

In the following, the results for the three locations as well as for the two differ-
ent moisture conditions in the soil (case 1 and 2) are presented. In each dia-
gram, both the water content of the entire material layer (blue curves) and the 
water contents in the lower left (red curves) and the lower right corner (green 
curves) are shown. For the corners, a range of approx. 1 cm by 1 cm is evalu-
ated in each case (see Figure 9). 
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Figure 9: 
Detailed evaluation of the material layers of the lightweight wall with indication 
of the evaluated areas in the lower corners (each with a size of approx. 1 cm by 
1 cm). 

3.1 Evaluation of the water content in the CLT board 

The results of the calculations for the water content in the CLT board are 
shown in Figure 10 to Figure 12. The permitted long-term limit for wood-based 
materials according to the WTA Guideline 6-8 [5] is 18 % by mass. 

Figure 10 shows the water content curves in Rome. The water content in the 
entire CLT board decreases over the calculation period, the water contents in 
the two lower corner areas increase slightly in the first months, but then also 
show a decreasing tendency. There is hardly any influence of the different 
moisture conditions in the soil (case 1 above; case 2 below). In general, the cal-
culated water contents are far below the limit of 18 % by mass. 

The course of the water content in the CLT board in Verona is very similar (Fig-
ure 11). Here, too, the water content decreases in the entire layer, while in the 
two lower corners, the water content initially increases, but afterwards also 
shows a decreasing tendency in the further years. The difference between the 
two moisture conditions in the soil is marginal and in both cases the water con-
tents are well below the limit of 18 % by mass. 

Also at the colder location Sterzing/Vipiteno, the total water content in the CLT 
board decreases continuously (Figure 12). The water content in the lower right 
corner (green curve) increases slowly at the beginning and reaches the dynamic 
equilibrium after two years. The water content in the lower left corner (red 
curve) shows a slight upward trend over the entire calculation period with a 
maximum value of almost 17 % by mass in the third year. Since the difference 
between the maximum values of the first two years and the difference of the 
last two years decreases significantly, the moisture content in the dynamic equi-
librium level will remain below 18 % by mass also after drying of the concrete. 
This applies to both investigated moisture conditions in the soil. 
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Figure 10: 
Calculated water content in the CLT board at the three different evaluation ar-
eas over the calculation period of three years in Rome. 
top: case 1, moist soil (99 % RH) 
bottom: case 2, standing water in the soil (100 % RH) 
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Figure 11: 
Calculated water content in the CLT board at the three different evaluation ar-
eas over the calculation period of three years in Verona. 
top: case 1, moist soil (99 % RH) 
bottom: case 2, standing water in the soil (100 % RH) 
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Figure 12: 
Calculated water content in the CLT board at the three different evaluation ar-
eas over the calculation period of three years in Sterzing/Vipiteno. 
top: case 1, moist soil (99 % RH) 
bottom: case 2, standing water in the soil (100 % RH) 

3.2 Evaluation of the water content in the XPS underground insulation 

Finally, the water content in the XPS underground insulation is evaluated for 
the entire layer as well as for the two lower corners. 

In Rome, the water content in the XPS underground insulation decreases at all 
three evaluation areas over the calculation period and the moisture contents 
are at a low level with maximum values below 3.5 kg/m³ (Figure 13). 



Fraunhofer-Institut für Bauphysik IBP   16 
IBP-Report HTB-021/2021E

Hygrothermal evaluation of a wooden wall foundation 
with the innovative product „System Radicsol“

Figure 14 shows the water content of the XPS underground insulation in Ve-
rona. The water content in the entire layer also decreases. In the two corner ar-
eas, the moisture increases somewhat in the first two years, but from the third 
year on, there is a downward trend here as well. The maximum values at this 
location are 4.5 kg/m³. 

The Sterzing/Vipiteno results are shown in Figure 15. Here, too, the water con-
tent throughout the entire layer is decreasing. In the two corner areas, how-
ever, there is a slight increase in the first few years. This flattened out visibly, 
however, so that it can be assumed that the water content will reach the dy-
namic equilibrium state after four to five years at a moisture level below uncriti-
cal 8 kg/m³. 

The resulting water contents here do not cause any problem or damage in the 
moisture-resistant XPS insulation. The thermal conductivity is also not yet im-
paired here, since a slight increase in thermal conductivity only occurs from wa-
ter contents of approx. 10 kg/m³. 
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Figure 13: 
Calculated water content in the XPS underground insulation at the three differ-
ent evaluation areas over the calculation period of three years in Rome. 
top: case 1, moist soil (99 % RH) 
bottom: case 2, standing water in the soil (100 % RH) 
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Figure 14: 
Calculated water content in the XPS underground insulation at the three differ-
ent evaluation areas over the calculation period of three years in Verona. 
top: case 1, moist soil (99 % RH) 
bottom: case 2, standing water in the soil (100 % RH) 
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Figure 15: 
Calculated water content in the XPS underground insulation at the three differ-
ent evaluation areas over the calculation period of three years in Sterzing/Vipi-
teno. 
top: case 1, moist soil (99 % RH) 
bottom: case 2, standing water in the soil (100 % RH) 
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4 Summary 

The results of the calculations show that the planned wooden wall foundation 
performs well concerning the prevailing hygrothermal conditions. Both the wa-
ter contents in the CLT board and in the XPS underground insulation clearly re-
main below critical levels. 

However, the analyses have also shown that in climatic zones from approx. 
2,300 heating degree days, the bottom area of the interior flax insulation be-
comes too moist for the material limits. Therefore, the insulation should be re-
placed in that area by a moisture-resistant XPS insulation, for which the occur-
ring moisture levels are not critical. 

The results of the investigations presume a state of the art installation and an 
airtight design of the construction. 
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6 Appendix 

Overview of the used foils with information of the sd-values 

Material sd-values [m] 

Riwega Coll Vlies (bituminous sheeting)  40 

Riwega Tape Corner (air proofing tape)  0.5 

Riwega Coll HDPE (bituminous sheeting) 135 

Riwega Coll Radon (vapour barrier)  1,500 

Riwega Air Coll (butyl adhesive tape) 300 
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