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1. Introduction

Above-rafter thermal insulation roofs system brings 
many undisputable benefi ts, e.g. more reliable appli-
cation of the vapour barrier applied to the rigid wood-
en formwork. In addition, the bitumen sheets can be 
used as the vapour barrier, which are mechanically 
more durable than lightweight PE membranes. In such 
applications, there is a high probability of achieving 
both proper vapour and air tightness.

Another benefi t is position of the rafters in the 
indoor climate, where there are stable conditions and 
therefore no threat of infestation by wood decaying 
fungi or insects.

Frequently discussed details of the system are roof 
overhangs, which are usually created by wooden ele-
ments anchored to the rafters. These wooden elements 
are placed in the roof composition between vapour 
barrier and underlay. The basic principles of structural 
timber protection are not met and therefore there is a 
high risk of the moisture content of these elements be-

ing increased, and the associated risk of the attack by 
wood decaying fungi and insects can occur. These are 
the reasons why this detail was subjected to testing and 
the moisture content of these wooden elements was 
measured on a real-scale experiment. Several design 
variants of this detail were compared in different roof 
structures. The results of the two most frequently exe-
cuted variants are presented in this paper. Also electric-
ity resistance method accuracy and principles of probes 
installation are mentioned in this paper.

2. Materials and methods

2.1. Moister content determining

Wood moisture content can be measured by several 
methods. The electric resistance method is the most 
popular and also the most suitable for long-term meas-
uring of wood moisture content. The relationship be-
tween electric resistance and moisture is shown in 
Fig. 1.
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Factors infl uencing the measurement by using re-
sistance method as species of measured wood, tem-
perature, grain direction, etc. are described e.g. in [1]. 
During long-term measurement it is also important to 
ensure a sustainable mechanical adhesion to the wood 
cells. Electrodes may not maintain a perfect electric 
contact due to the swelling and shrinking of wood. A 
higher resistance is measured because of the decreased 
contact between the electrodes and wood [2, 3]. There-
fore, electrically conductive glue was used to ensure 
stable connection between probes and wood cells. 
Electrically conductive Wire glue AP made by Anders 
products company was used for this purpose.

2.2. Probes development

Two kinds of probes have been designed for the mois-
ture measurement of wooden elements (one of them 
for measurement immediately underneath the sur-
face and another one for measurement in the centre of 
wooden elements).

Probes were designed to be better embeddable 
into the wood elements and also with a goal of a long-
term durability (several years). Detailed description of 
the probe development is described in [4] and manu-
facturing process is presented in Figs 2 and 3.

The local temperature of the wood was measured 
at the monitored points by PT 1000 sensors for ap-
plying correct thermal correction. Air temperature and 
relative humidity in the roof structure were measured 
by HYT 221 sensors. Both types of sensors are pro-
duced by IST AG.

2.3. Analysed detail

The experimental measurements take place in DEK 
Experimental Research and Innovation Centre, kept 
by Stavebniny DEK a.s., located in Brno, Czech Re-
public. There were preformed several construction 
variants of the above mentioned details in two differ-
ent roof structures as is shown in fl oor plan in Fig. 4.

In the case of structure S1.1 vapour open under-
lay Dekten Multi-Pro II was used, manufactured from 
nonwoven polyester fabrics and polymeric layer on 
the face side of the foil. The overlaps of this foil are 
glued with a self-adhesive tape. The equivalent dif-
fusion resistance value of this foil is 0.2m. Underlay 
of structure S1.4 was performed from bitumen sheet 
Topdek Cover-Pro. This sheet is made from SBS mod-

Fig. 1. The relationship between electric resistance and moisture content

Fig. 2. Manufacturing process of surface probes

Fig. 3. Manufacturing process of depth probes
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ifi ed bitumen and the polyester carrier mat with a ba-
sis weight of 120 g/m2. The equivalent diffusion re-
sistance value of Topdek cover-pro is 50 m (±5 m), 
that is signifi cantly higher than in structure S1.1 and 
therefore more risky from vapour condensation point 
of view. Measurement results from the structure S1.4 
are presented in this article. Complete roof structure 
S1.4 is shown in Fig. 5.

3. Measurement results

Examined points were selected in each wooden ele-
ment for monitoring the temperature and moisture of 
wood. Installed sensors can be seen in Fig. 6.

Fig. 4. Floor plan of experimental building – measured part of roof with roof overhang is in red marked zone. There are two roof 
compositions with different kinds of underlay – S1.1 a S1.4

Fig. 5. Roof composition S 1.4

Fig. 6. Installed probes for measuring both depth and surface 
wood moisture completed with temperature sensors for correct 

temperature compensation

Fig. 7. Construction variant K2 – rafter ends on a wall plate, 
roof overhang is created by eaves support of equal height as 

thermal insulation thickness
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There were tested four design variants of over-
lapping the roof. Two most frequently performed var-
iants (marked as K2 and K3) are presented in this pa-
per. Both selected placement of measured points and 
the difference between these variants are presented in 
Fig. 7 and Fig. 9. The difference lies in the fact that 
the wooden element creating the eave overlap in the 
variant K3 is covered by 40 mm of PIR insulation un-
like variant K2, where the wooden element is as high 
as thermal insulation thickness so it is in contact with 
underlay.

The results of measured wood moisture in mon-
itored points are presented in Fig. 8 and Fig. 10. The 
measurement took place in the period from 23rd Sep-
tember, 2017 to 7th May, 2018. The boundary con-

Fig. 8. Wood moisture in monitored points in element of construction variant K2

Fig. 10. Wood moisture in monitored points in element of construction variant K3

Fig. 9. Construction variant K3 – rafter ends on a wall plate, 
roof overhang is created by eaves support, which is cover by 

40 mm of thermal insulation
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ditions, whether interior or exterior, can be seen in 
Fig. 11 and Fig. 12.

4. Discussion

The exceeding safe limits of moisture content in wood-
en elements could result in the wood being attacked by 
wood decaying fungi or insects. The moisture content 
of 18% is considered as a safe moisture limit. This top-
ic is described e.g. in [5, 6].

In the case of construction variant K2, the meas-
ured wood moisture was almost approaching the criti-
cal limit at the site below the underlay. The measured 
values reached 17.2% in this point. It cannot be ruled 
out with 100% certainty that under certain conditions 
the moisture content of the wooden elements could 

not be higher than the safe value. These conditions 
could for example be extreme weather condition or 
high amount of built-in water during the construction.

According to obtained data, it seems to be safer 
to use the construction variant K3, where the highest 
values of measured wood moisture in the roof struc-
ture were below 12%. There was a problem with the 
using of the K3 variant in the past due to the low roof 
structure thicknesses. Requirements for roof insula-
tion are much more stringent nowadays, so there is not 
any limitation for using the K3 variant.

5. Conclusion

The values of moisture content of wood at the mon-
itored points of the elements creating eave overhang 

Fig. 11. Indoor air temperature and relative humidity

Fig. 12. Outdoor air temperature and relative humidity
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with above-rafter thermal insulation application 
were determined. It has been shown that even when 
the elements are built into the structure between the 
layers with relatively high equivalent diffusion re-
sistance, safe limits of critical humidity have not 
been exceeded during the winter. However, the mea-
surements showed that by covering the wooden ele-
ment with a layer of thermal insulation, the moisture 
state of this element will be signifi cantly improved. 
The maximum measured moisture content at the site 
below the underlay was less than 12% in the element 
covered by thermal isolation, while in the non-cov-
ered variant it exceeded 17%.
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