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ABSTRACT 

Five lightweight timber-frame wall fragments with 

various thermal insulations and outdoor coating colors 

were exposed to the real outdoor boundary climate 

conditions for five years. The indoor boundary 

conditions were set as constant.  

This article compares measured values, the 

temperature and relative humidity inside the 

fragments, to the non-steady Heat-Air-Moisture 

simulation in WUFI. The wall fragments differ with 

thermal insulation: mineral wool, glass wool and 

hemp and color of the outdoor surface: white, grey and 

yellow. Considering the vapor transport in 

composition, there are three variants: without the 

vapor barrier, with the classic vapor barrier and with 

the vapor barrier with changeable diffusion resistance. 

Each fragment has built-in thermal and humidity 

sensors.  

From the fragments were taken the samples of the 

thermal insulation and the water content was measured 

by the gravimetric method twice, before and after the 

winter period. These results were compared to the 

simulation in the WUFI software in terms of water 

content in selected layers.  

During long-term measurements it was shown as 

expedient to use the unconventional composition with 

inverse range of layers according to the model of 

Nordic countries in climate zone of central Europe too. 

The thermal-accumulative layer was warmed during 

winter days, which caused the improvement of 

boundary conditions for heat transport and decreasing 

of heat losses. The results show quite good match 

between measurement and simulation in WUFI 

software of the temperature courses and also of the 

water content in the thermal insulation. The water 

content in the MDF board decreased the thermal 

conductivity significantly. 

INTRODUCTION 

The sandwich outer wall was designed and realized in 

all alternatives in the thermal-technical standard for 

passive buildings. Comparing to standard 

constructions it differs from them in the inverse range 

of layers, i.e. thermal-accumulating layer is situated 

from the exterior and the thermal-insulating layer is 

situated from the interior side of the wall construction, 

so as we know it from some layer compositions used 

in Nordic countries. 

DESCRIPTION OF THE EXPERIMENT 

Dimensions of monitored experimental wall are 3670 

x 2670 mm and it consists of 5 fields (Fig. 1). They 

differ from each other in material composition and 

surface coloring. Fields 1, 2, 4 and 5 are diffusional 

closed constructions and the third field is made as 

a diffusional open construction (Fig. 2). Temperature 

measurements were realized on a sample of light-

weight sandwich peripheral wall, built-in as a part of 

climatic chamber of pavilion type in the laboratory 

centre of the Department of Civil engineering and 

urban planning, Faculty of Civil engineering, 

University of Zilina. The temperatures were recorded 

in the 30-minutes time periods in the fragment: on the 

exterior surface, under the coating, on the internal 

surface of MDF board and on internal surface of the 

filling thermal insulation. Several sensors are located 

also on the wood columns. More detailed description 

is mentioned in (Sustiakova 2014). 
 

 

Fig. 1 Exterior view at tested wall fragments with 

marked five different fields 

Parameters of the indoor climate, relative humidity 

and indoor air temperature, were maintained by the air 

conditioning unit and set to the temperature of 20 °C 

and the relative humidity of 50%. From the exterior 

test walls were exposed to the real conditions of the 

external climate.  

The parameters of the external environment were 

recorded by the detached experimental weather station 

at the same time step (30 minutes) and captured were: 

temperature and relative humidity of external air, wind 

speed and direction, the intensity of global solar 
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radiation on a horizontal plane and the vertical plane 

identical to the orientation of the test wall.  

After four years of exploitation, in autumn 2014 

(before the cold period of the year) and in spring 2015 

(after the cold season of the year), there were 

measured mass moisture in thermal insulation as well 

as thermal transmission coefficient of included 

materials. Mass moisture of fibre thermal insulation 

and fibreboard (MDF) was determined by gravimetric 

method (STN EN ISO 12570/A1); mass moisture of 

wooden support posts by the resistance meter 

Greisinger GMH 3850. The thermal conductivity of 

the fibrous thermal insulation was gauged with the 

assistance of Isomet 2104. 
 

 
 

Fig. 2: Tested wall - left view from the exterior; right 

composition of layers: 1 – external plaster 4 mm; 2 – 

MDF fibreboard Hofatex 100 mm; 3 – stone wool 

220 mm; 4 – hemp mat 220 mm; 5 – mineral wool 

220 mm; 6 – PE vapor membrane; 7 – vapor barrier 

with changeable diffusional resistance 8 – OSB 

board 12 mm; 9 – wooden columns 60 x 220 mm 
 

RESULTS OF MEASUREMENTS 

To show long-term temperature measurement results 

in different layers of the wall, there was chosen a 1-

week measurement in the cold season of the year 

(Sustiakova 2014) from 27.1.2012 to 2.2.2012 (θae, min 

= -18.9 °C, θae, max = 4.6 °C). External surface 

temperatures of each field are shown in Fig. 3. 

Different temperatures in the structure were affected 

not only by its material composition, but also by 

natural influences of the environment as well as 

different light absorption and reflectance caused by 

coatings. The highest surface temperatures were 

recorded on the grey coating surface. Such a coating 

has the lowest reflectivity of solar radiation and 

absorbs the most short wave solar radiation. 

Maximums during clear days were above 48 °C, and 

higher by about 30 °C when compared to other 

surfaces. From the fields with white coating, the field 

No. 3 had the lowest surface temperature which was 

caused by higher heat flow. During nights of the whole 

reference week the surface temperature in all fields 

was lower than the ambient air temperature due to the 

cold sky radiation. At this time, the minimum 

temperatures were recorded mainly in the fourth field 

with white finish, and the first field with yellow finish 

(Stunova - Durica 2013). Significant influence of 

deviation of external conditions at the temperature 

course in the construction was noticed in monitored 

positions closest to the interior under the additional 

thermal insulation MDF board Hofatex. On the border 

between the filling insulation and MDF board it was 

observed greater impact of the technology of internal 

environment (AC unit to maintain the indoor climate). 

During the winter period the mechanism of heating 

and cooling process had positive effect on heat loss of 

the building, because minimum temperatures under 

the additional insulating layer and therefore the largest 

cooling of storage layer was thank to the thermal 

inertia and with it connected phase shift of the 

temperature oscillation recorded in time, when the 

tested wall was from the exterior side exposed to the 

solar radiation and therefore its energy was 

accumulated (consistent with Anderson 2012). By 

finding out properties of individual thermal 

insulations after 4 years from incorporation it was 

observed, that by 24-hour testing of thermal 

conductivity coefficient of fibrous insulations this 

changed during the day only minimal or 

insignificantly (Tab. 1). By 24-hour testing in the 

additional insulation MDF board Hofatex, there are 

significant changes in all of the fields, mostly in the 5th 

field with grey finish. Next it was observed, that while 

in fields with diffusional closed compositions the 

thermal conductivity coefficient stayed nearly the 

same according to declared values, the thermal 

conductivity coefficient of the hemp thermal 

insulation increased by about 50% in moisture 

transport. The measured values of coefficient of 

thermal conductivity λ were ranged in the interval 

<0.0621; 0.0637> W/(m.K). For this reason, it would 

seem more appropriate to use structures with 

diffusional closed composition. 

Measurements of water content in fields 1, 4, 5 (in 

field 2 there were no measurements performed, 

because there runs the test measurement using optical 

fibres) in fibrous insulations confirmed constant low 

content (results not published yet) in both time periods 

of measuring. On the contrary the increased water 

content was noticed in hemp layer with diffusional 

open composition. The water content at the MDF 

board oscillated in range of 8.50 % to 13.42 %, while 

lower values were under darker surfaces (Fig. 4 - 1. a 

5. field). The highest moisture was recorded again in 

the part of diffusional open construction (3rd field). 

At wooden columns the mass water content oscillated 

in a range from 10.00 to 15.20 %, which are for wood 

appreciative values (columns are numbered as shown 

in Fig. 2, from left to right). Lower values were 

obtained at fronts of the columns from the interior side 

than at their sides – measured in the middle of 

columns. 
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Table. 1 

Measured thermal conductivities in the wall fragments materials 

  Field no. 1 Field no. 3 Field no. 4 Field no. 5 

 Area of 

Insulation 
min λ max λ ∆λ min λ max λ ∆λ min λ max λ ∆λ min λ max λ ∆λ 

 [W/(m.K)] [W/(m.K)] [W/(m.K)] [W/(m.K)] 

infill 

insulation 
0.039 0.040 0.001 0.062 0.064 0.002 0.038 0.040 0.003 0.038 0.040 0.001 

MDF 

insulation 
0.104 0.112 0.007 0.102 0.108 0.006 0.106 0.121 0.015 0.099 0.129 0.030 

 

Table. 2 

Properties of used materials in the wall fragments 

MATERIAL DESCRIPTION 
d λ ρ c μ χ R 

m W/(m.K) kg/m3 J/(kg.K) - J(m2.K) (m2.K)/W 

External plaster StoSilco 0.004 0.7 1900 720 40 5472 0.1 

Woodfiber MDF board HofaTex SysTherm 0.1 0.045 210 2100 5 44100 2.22 

Stone wool insulation Rockwool MW W 0.22 0.037 40 840 1 7392 5.95 

Hemp insulation Cannabest Plus 0.22 0.040 36 1200 1.9 9504 5.50 

Mineral wool insulation Isover ENV 0.22 0.035 24 840 1 4435 6.29 

Vapour barrier Isover Vario KM 

Duplex 

4.00E-

05 

1 2000 - 90000 - 0.00 

OSB board OSB board 3 

MUPF/PMDI 

0.012 0.14 700 2100 - 17640 0.09 

 

 

Fig. 3: Temperature courses at the exterior surface of the construction for the time period from 27.1.2012 to 

2.2.2012. Colored surface finish yellow (first field), white (second, third and fourth field) and grey (fifth field) 

 

SIMULATION RESULTS  

For heat-air-moisture (HAM) simulations was used 

WUFI Pro in version 5.1. WUFI is the software, which 

allows realistic calculation of the transient coupled 

one- and two dimensional heat and moisture transport 

described by Kunzel (Kunzel 1994) in multi-layer 

building components exposed to natural weather 

conditions. It is based on the newest findings 

regarding vapor diffusion and liquid transport in 

building materials and has been validated by the 

detailed comparison with measurements obtained in 

the laboratory and on IBP's outdoor testing field. 

Material properties are describes in Tab. 2. Instead of 

dry thermal conductivities were used the measured 

ones (Tab. 1). Four of five fragments (Fig. 2), which 

are described in the previous chapter were modelled 

and simulated for the time period from 4.10.2014 to 

15.4.2015 with usage of exterior boundary conditions 

measured by the experimental weather station.  

-22.0

-12.0

-2.0

8.0

18.0

28.0

38.0

48.0

27.1.2012 28.1.2012 29.1.2012 30.1.2012 31.1.2012 1.2.2012 2.2.2012

[°
C

]

External surface temperatures
1. field

2. field

3. field

4. field

5. field

Ext. Air
temperature

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 2373 -



 
Fig. 4: Water content [mass %] in thermal insulation in the wall fragments 

 

 

Fig. 5: Water content [mass %] in wooden columns in the wall composition  
 

 

The courses of simulated and measured temperatures 

in selected boundaries in the wall fragments were 

compared. The initial conditions for material 

properties were taken from the gravimetric 

measurement. At the end of winter period there were 

taken other samples from used materials. These results 

of water content in thermal insulations were compared 

to the simulated ones. 

The temperature courses on the surface and material 

boundaries show quite good match between measured 

and simulated values with exception of the 3rd field. 

Measured temperatures on the surfaces are higher than 

the simulated ones. It could be caused by the dust and 

decreased surface reflectance after 4 years of 

assembling the testing wall. From the simulation 

period during the winter there was chosen the date 

period 11.2 - 24.2.2015, which could be characterized 

by freezing temperatures during the night (up to -10 

°C) and clear, sunny days.  

From the simulated wall fragments there was chosen 

the 1st one with yellow surface (Fig. 6 and 7), where 

we can see a good match with the measured 

temperature courses. In the 3rd field there are the 

differences higher, the simulation results are better 
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than measurement. The reason is in decreased material 

properties of diffusional open fragment (water 

content, thermal conductivity), which did not 

influenced the simulation well enough. 

Significant fact is that the measurement and 

simulation showed that the temperature courses did 

not fall below zero in the boundary between MDF 

board and filling thermal insulation. This means, that 

the wooden poles remain in positive temperatures. 

Similar findings can be said about the courses in the 

MDF board and thermal insulation based on mineral 

wool. The comparison of water content from 

gravimetric measurement and simulation can be 

realized only for boundary layer, because the samples 

were taken only from the interior surface, but the 

simulation can be done for different position inside the 

material. This course of water content from the 1st field 

for MDF board and thermal insulation from mineral 

wool is showed in Fig. 8. 
 

 

Fig. 6 Daily courses of measured temperature under the exterior coating, of the exterior air temperature and the 

course simulated in WUFI for the 1st field. Sunny winter days (11.2 - 24.2.2015)  
 

 

Fig. 7 Daily courses of measured and simulated temperature on the inner surface of MDF board for the 1st field. 

Sunny winter days (11.2 - 24.2.2015) 
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Fig. 8 Daily course of simulated water content and results from gravimetric measurement (1.10.2014 - 

10.5.2015) for the 1st field 
 

 

CONCLUSION 

During long-term measurements it was shown as 

expedient to use the unconventional composition with 

inverse range of layers according to the model of 

Nordic countries in climate zone of central Europe too. 

The thermal-accumulative layer was warmed during 

winter days, which caused the improvement of 

boundary conditions for heat transport and decreasing 

heat loss. Moreover, the negative influence of external 

environment was decreased (temperature extremes, 

UV radiation, dust, moisture, etc.) on filling fibrous 

thermal insulations, which thermal-insulating 

properties have not changed significantly during the 

day due to this fact. Moreover, it was thus possible to 

avoid reinforcing OSB board from the exterior side, 

which has a positive impact not only on moisture 

transport through the structure, but in economic terms, 

the absence of one layer has positively influenced both 

-  the amount of acquisition costs or labor content. 

Comparison of measurement results and simulations 

showed favorable accord in diffusional closed 

compositions, while in diffusional open construction 

there were determined significant differences.   

Based on the research course the conclusions for 

actions in lightweight wall in built-in state were 

formulated. However, it is needed to remark, that these 

are valid for specific conditions of interior 

environment of air-conditioned room without 

presence of thermal gains from internal sources and 

without thermal gains from solar radiation through 

transparent constructions.        
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