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ABSTRACT 
 
The Danish Technological Institute is in co-operation with industry partners running a project 
aiming at predicting the service life of different wood protecting systems. The project focuses on 
examining the moisture reducing effect of different protecting systems for timber claddings and 
the ability of these to maintain the appearance of the surfaces, when the wood is used in service 
class 3 (EN 335-1 1992). 
 
A façade construction is exposed to weathering at the field test area of the Danish Technological 
Institute (near Copenhagen). In specific locations of the construction measurements of wood 
moisture are done by in-situ resistance moisture meters (Lindegaard and Morsing 2006). The aim 
is that the test should form the basis of evaluation of the maintenance requirements and the pre-
diction of service life of the surface treatment and the wood/construction. 
 
At the moment 60 test racks are exposed. This study examines the data from the first five years 
of outdoor exposure using data from a test rack with a water-borne acrylic coating and a test rack 
with ICP coating for case studies.  
 
The moisture content data was converted into weekly average and weekly variation values which 
gave a deeper insight into the performance of the tested systems. The first was used to check for 
moisture build-up in the construction whereas the latter gave an indication of the gradual degra-
dation of the coating itself, i.e. the degree of cracking. A linear tendency with time was found for 
all tested systems and the maintenance period could be estimated on the basis of data from only 
2-3 years of outdoor exposure.  
 
The risk of biological degradation was evaluated using 20 % MC and 10 °C as a limit below 
which the risk was negligible. The annual accumulated time above this limit was used as an indi-
cation of the risk of biological degradation. Data was corrected for variation in weather exposure 
between the years and a fairly linear tendency in time was found, i.e. the risk of biological deg-
radation was found to increase in time for all tested systems. Furthermore, other combinations of 
moisture content and temperature were used as limits enabling a more detailed view of the risk 
pattern.  
 
In general, it was found that measuring the moisture content in-situ in a façade construction of 
the suggested design can be a valuable tool in service life prediction. Within reasonable time, it 
is possible to obtain enough data to predict the service life of the construction in terms of main-
tenance period and the risk of biological degradation of the construction. 
 
Keywords: service life prediction, cladding, surface treatments, field trials, moisture content 
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1 BACKGROUND 

Wood protection is often associated with some sort of chemical treatment. When a new preserva-
tive is approved the requirements for documentation on its efficacy are highly focused on the 
fungicidal effect on biodegradation, typically according to EN 599-1 (1997).   
 
Chemical wood protection is a cost-effective way of protecting wood. However, with the imple-
mentation of the Biocidal Products Directive 98/8/EC (Anon. 1998) in Europe the number of 
biocides available for wood preservatives is limited. Furthermore, a significant increase of the 
costs to obtain and maintain product registrations in Europe is expected due to extensive re-
quirements for documentation of health, safety and environmental impacts from products con-
taining biocides. Thus, there is a need to look at wood protection in a broader perspective. 
 
As a consequence there is a major interest in developing wood protection systems which do not 
contain biocides. Consequently, methods developed years ago (e.g. heat-treatment, acetylation, 
and furfurylation) have obtained commercial interest. It is also expected that surface coatings can 
play a more vital role in wood protection. However, the question is whether a surface treatment 
can extend the service life of a construction.  

2 METHOD 

The method chosen in this project is based on in-situ measurement of the moisture content in an 
outdoor exposed façade construction oriented south. It is the intention that the construction is as 
close to practice as possible with some critical areas with a high moisture loading (moisture 
traps). The method is inspired by studies by Hjort (1997) and Samuelsen (1998). 
 
Wood moisture is measured four times a day in the centre-boards, in the butt-joints and in the 
freely exposed end-grain, see Figure 1 and Picture 1. For each test rack there are three replicates 
of each measuring point.  
 

Figure 1: Test rack. The test rack represents different weathering exposures.  
In points A, B and C in-situ moisture measurements are made every 6 hours. 

 
The measuring principle is an electrical resistance measurement at a depth of 3 mm from the 
surface of the panels. Both surface coated and uncoated reference panels are used in the test. On 
the first the surface coat is applied on the front, side and end faces of each panel. The collected 
resistance data are stored in data-loggers fixed to each construction. Furthermore, weather pa-
rameters in terms of accumulated precipitation, temperature and relative air humidity are moni-
tored at the test site once every hour using a Davies Vantage Pro2 weather station. 
 

C. End-board, major moisture loading 

B. Butt-joint, medium moisture loading 

A. Centre-board, minor moisture loading 
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The exposed material is inspected once a year. The decorative and protective properties are 
evaluated for loss of gloss, colour change, blistering, chalking, flaking, cracking, mould growth 
and biological attack according to (EN 927-3 2000). 
 

 
Picture 1: Test racks at the field test area of the Danish Technological Institute. 

 
The test racks reported in this study are made of Scots pine sapwood; however, test racks made 
of Scots pine heartwood and Norway spruce are also exposed at the field test area as well as test 
racks of modified softwoods and tropical hardwoods. In all, 60 test racks with different kinds of 
coatings and treatments are exposed at the moment. 
 
The test includes uncoated reference test-racks along with a test rack coated with the coating 
system known as Internal Comparison Product (ICP). 

3 RESULTS AND DISCUSSION 

The general trends in the moisture development in all the exposed test racks are discussed in the 
following. However, the discussion will take its starting point in case studies of a test rack with a 
water-borne acrylic coating (ACR) as well as one with an ICP coating. The moisture data is pre-
sented as average values of the replicates. 
 
The weather conditions in terms of relative humidity, temperature and precipitation are shown in 
Figure 2 for the years 2004, 2005 and 2006. The relative humidity and temperature data have 
been converted into weekly average and variation values in order to reduce the amount of data. 
The latter is found as the standard deviation from average. 
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Figure 2: Upper left – raw relative humidity (grey) and temperature (black) data. Upper right – relative 
humidity and temperature data converted into weekly average (bold middle curve) plus/minus weekly 
variation (dotted upper and lower curves). Lower left – daily precipitation. Lower right – accumulated 

precipitation. 
 
Similar to the relative humidity and temperature, the moisture content data is converted into 
weekly average and variation values. 
 
3.1 Water-borne acrylic coating (ACR test rack) 
An example of raw moisture content data is given in Figure 3 (left) for the ACR test rack. This 
serves to illustrate the complex nature of the results and the need for suitable data analysis pro-
cedures.  
 
The weekly average moisture content of the ACR rack is given in Figure 3 (right). At first the 
annual variation of the weekly average appears to follow the variations of the temperature and 
relative humidity seen in figure 2. 
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Figure 3: Left – raw moisture content data for the ACR test rack. Right – weekly average moisture con-
tent at the three different locations in the ACR test rack. 

 
A closer examination of the data reported by Engelund (2007) shows that precipitation does not 
have a statistically significant effect on the weekly average moisture content. Instead, the only 
significant climate parameters are the relative humidity and temperature. Thus, R2-values up to 
0.76 with an average of 0.65 were obtained for a simple linear model for only these two climate 
parameters. In no case was the precipitation found to be statistically significant for moisture con-
tent in the coated test racks. Only for untreated reference racks the precipitation attributed sig-
nificantly to the average weekly moisture content. 
 
The weekly average moisture development can reveal if there is a build-up of moisture, i.e. if the 
coating prevents moisture from escaping the panels. Thus, it is related to the physical perform-
ance of the coating. On the other hand, the weekly moisture variation which is shown in Figure 4 
can reveal important information on the degradation of the coating in terms of cracking. 
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Over time the moisture variation will increase due to the gradual degradation of the coating film. 
From Figure 4 it can be seen that the moisture variation is larger in fall compared to summer 
periods which corresponds to the greater precipitation registered in the fall. Statistical analysis of 
the weekly moisture variation data shows that it is related to the amount of precipitation as well 
as the variations in humidity and temperature (Engelund 2007).  
 
When the coating is gradually degraded, its shielding effect will decrease and the moisture con-
tent will to a higher extent follow the variations of relative humidity, temperature and precipita-
tion. Indeed this is the case for all coated panels. Yet some panels exhibit a more rapid increase 
in moisture variation over time than others. In these panels, visual cracking appears earlier and 
more excessively than for panels with a low moisture variation. In general, there seems to be a 
tendency for visual cracking to appear when the moisture variation reaches a level of approxi-
mately 1.5. Thus, the moisture variation development can be used to predict the degradation in 
terms of cracking.  
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Figure 4: Weekly moisture variation at the three different locations in the ACR test rack. Furthermore, a 
linear tendency line is added for each of the diagrams. Also, visually estimated tendency lines for the peaks 

in the winter periods are added. 
 
From Figure 4 it is clear that the degradation of the coating around the end-board region is faster 
than the other two monitored regions of the test rack. In general, the coating degradation around 
the weather exposed end-grain is faster than anywhere else in the construction. This could be due 
to the fact that rainwater tends to be collected in butt-joints and around the end-board hereby 
causing cracking due to the heavier weather load at these locations, see Picture 2.  
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Picture 2: ACR test rack after three years of exposure. Cracks and flaking around exposed end-grain. 
 
 
One of the major problems in testing the long-time performance of coatings is the time needed to 
obtain enough data for reliable predictions. Thus, it would be desirable if fairly accurate predic-
tions could be made on a shorter time-scale. In Figure 5, the moisture variation for the ACR test 
rack is shown for the first two years of exposure compared to the four years of data in Figure 4.  
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Figure 5: Weekly moisture variation at the three different locations in the ACR test rack. Furthermore, a 
linear tendency line is added for each of the diagrams. Also, visually estimated tendency lines for the peaks 

in the winter periods are added as well as those from Figure 4. 
 
 
Also included are tendency lines for the peaks in the fall periods based on both two and four 
years of data. As can be seen from Figure 5, the tendencies seen in the first two years seem to 
continue. Thus, already after two years of exposure cracking could have been predicted to begin 
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after three years around the butt-joint and after two years at the end-board if a level of 1.5 in 
moisture variation corresponds to visual cracking. Only the centreboard tendencies seem to devi-
ate. However, as previously discussed, the butt-joint and end-board regions after often the most 
heavily loaded in terms of weather exposure. Therefore, fairly accurate predictions of the degra-
dation in these regions should determine the maintenance period.  
 
One aspect of the service life of a coating is the maintenance period, but equally or more impor-
tant is the risk of biological degradation of the wood substrate. Protection of a wooden façade by 
a surface coating requires that the coating prevents high moisture contents. Thus, if the moisture 
content is kept below 20 % the risk of biological degradation of the wood is very small (Scheffer 
1973). The amount of time in which the moisture content is above 20 % is therefore an indica-
tion of the risk of biological degradation of the wood.  
Furthermore, it is generally accepted (Scheffer 1973) that establishing a fungal attack at tempera-
tures below 10 °C takes very long time. It is therefore reasonable to assume that under the 
weather conditions reported here, fungal attacks do not begin below 10 °C. 
 
The risk of biological degradation can be estimated based on the amount of time spent above 
certain levels of the critical parameters, temperature and moisture content. Table 1 lists accumu-
lated time above the limits shown. As seen the conditions are more favourable for biological 
degradation in the fourth year of exposure, i.e. the risk is higher.  
 
 
Table 1: Time spent annually in the different risk classes for the ACR test rack. The darker the colour of 
the fields, the larger risk of biological degradation. 
YEAR 2

From 01-08-2005 To 31-07-2006
CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 966 204 0 0
>15 °C 0 0 0
>20 °C 0 0

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1278 348 0 0
>15 °C 60 0 0
>20 °C 0 0

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1146 264 0 0
>15 °C 6 0 0
>20 °C 0 0

YEAR 4
From 01-08-2007 To 30-07-2008

CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 972 72 0 0
>15 °C 18 0 0
>20 °C 0 0

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1626 186 0 0
>15 °C 54 0 0
>20 °C 0 0

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 2238 678 90 0
>15 °C 222 12 0
>20 °C 0 0

 
However, since the weather exposure varies between years as shown in Figure 2, the risk of bio-
logical degradation has to be normalized. This normalization is based on the accumulated time 
above 85 % relative humidity and 10 °C which roughly corresponds to a moisture content of 20 
% for Scots pine sapwood.  
 
The accumulated time above these limits is shown in Figure 6 where the normalization factor is 
also given. It could be argued that the annual precipitation should be included. However, it is 
indirectly accounted for by the relative humidity which is linked somewhat to the precipitation. 
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Figure 6: Determination of correction coefficients for the variation in weather exposure between years. 

The left diagram shows the hours spent annually above 85 % RH and 10 °C. The right diagram shows the 
correction coefficient determined for the four years of exposure. 

 
 
In Table 2 it is clear that as time passes, the amount of time in higher risk classes increases. This 
comes from the gradual degradation of the coating which gives higher moisture variations but 
could also come from a general build-up of moisture in the wood caused by bluestain and degra-
dation. 
 
 
Table 2: Data for the ACR test rack from Table 1 normalized for variation in weather exposure. 
YEAR 2 CORRECTED

From 13-08-2005 To 12-08-2006
CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 839 177 0 0
>15 °C 0 0 0
>20 °C 0 0

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1110 302 0 0
>15 °C 52 0 0
>20 °C 0 0

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 995 229 0 0
>15 °C 5 0 0
>20 °C 0 0

YEAR 4 CORRECTED
From 13-08-2007 To 11-08-2008

CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1260 93 0 0
>15 °C 23 0 0
>20 °C 0 0

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 2108 241 0 0
>15 °C 70 0 0
>20 °C 0 0

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 2902 879 117 0
>15 °C 288 16 0
>20 °C 0 0

 
 
The increasing risk of biological degradation is also illustrated in Figure 7 for conditions above 
20 % MC and 10 °C. After the data has been normalized, a fairly linear tendency in time can be 
seen. This is also the general trend for most of the other exposed test racks.  
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Figure 7: Time spent annually above 20 % MC and 10 °C for the three different locations in the ACR test 
rack. The left diagram is the raw data whereas the right diagram depicts the data corrected for weather 

variation between years. 
 
From the data in Table 2 and Figure 7, it is possible to estimate the service life of a coated wood 
façade if the linear tendency is assumed to continue. However, data for the requirements needed 
for establishing a fungal attack are often scarce or show large statistical variance. Nonetheless, 
the general experience is that for instance blue stain will occur in untreated wood if the condi-
tions are favourable in 2000-3000 hours or more annually. Based on this the ACR test rack is 
assumed to be in the risk of  blue stain attack around the butt-joint and end-board after 3-4 years 
of exposure. 
 
3.2 Internal comparison product coating (ICP test rack) 
The performance of an ICP coated test rack is presented in the following. The average weekly 
moisture content is shown in Figure 8.  
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Figure 8: Average weekly moisture content at the three different locations in the ICP test rack. 
 
Compared with Figure 3, the average moisture content for the ICP test rack is much higher and 
with larger fluctuations. Furthermore, there is a build-up of moisture with time which inevitably 
will lead to biological degradation. This is also true for the weekly moisture variation depicted in 
Figure 9.  
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Figure 9: Weekly moisture variation at the three different locations in the ICP test rack. Furthermore, a linear 
tendency line is added for each of the diagrams. 

 
If a level of 1.5 implies a high risk of cracking, then the ICP coating is expected to exhibit crack-
ing soon after the beginning of the test period at butt-joint and end-board. At centreboard crack-
ing is expected after 2-3 years of exposure. This corresponds well to the visual appearance of the 
test rack shortly into the test period around the butt-joint and end-board and after 2 years at cen-
treboard. After three years of exposure, there is excessive cracking and  blue staining is clearly 
visible which can be seen in Picture 4 around the butt-joint and the end-board. 
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Picture 4. ICP coating after three years of exposure. Cracks and sapstain at the butt-joint and end-board. 
 
 
The risk of biological degradation shown in Tables 3 and 4 is not very different from the ACR 
test rack for the lowest risk class. However, the ICP test rack has a very large accumulated time 
in the higher risk classes, especially, for the butt-joint and end-board regions. Thus, when the 
moisture conditions are favourable to biological degradation in the ICP test rack, they usually 
cause a high risk of degradation. Compared with this, the conditions in the ACR test rack are 
only in the lower end of the risk scale. 
 
 
Table 3: Time spent annually in the different risk classes for the ICP test rack. The darker the colour of 
the fields, the larger risk of biological degradation. 
YEAR 2

From 18-09-2004 To 18-09-2005
CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 132 12 0 0
>15 °C 0 0 0
>20 °C 0 0

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1674 1266 582 12
>15 °C 624 306 0
>20 °C 66 0

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 978 300 84 0
>15 °C 114 18 0
>20 °C 0 0

YEAR 4
From 18-09-2006 To 19-09-2007

CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1320 546 234 84
>15 °C 312 138 54
>20 °C 60 12

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 2706 2334 1986 1518
>15 °C 1464 1188 930
>20 °C 624 492

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 2460 2076 1848 1668
>15 °C 1296 1098 1014
>20 °C 576 522
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Table 4: Data for the ICP test rack from Table 3 normalized for variation in weather exposure. 
YEAR 2 CORRECTED

From 30-09-2004 To 29-09-2005
CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 143 13 0 0
>15 °C 0 0 0
>20 °C 0 0

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1810 1369 629 13
>15 °C 675 331 0
>20 °C 71 0

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1058 324 91 0
>15 °C 123 19 0
>20 °C 0 0

YEAR 4 CORRECTED
From 01-10-2006 To 30-09-2007

CENTREBOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 873 361 155 56
>15 °C 206 91 36
>20 °C 40 8

BUTT-JOINT Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1790 1544 1314 1004
>15 °C 969 786 615
>20 °C 413 325

END-BOARD Moisture content
Temperature >20 % >22 % >25 % >30 %

>10 °C 1627 1373 1223 1103
>15 °C 857 726 671
>20 °C 381 345

 
 
Therefore, the conditions illustrated in Figure 10 for the ICP test rack and in Figure 7 for the 
ACR test rack can give a false image without the aid of the risk tables. Nonetheless, the sudden 
increase in accumulated time in the right diagram of Figure 10 could indicate severe biological 
degradation. However, since no other coated test racks are as severely degraded yet as the ICP 
test rack, interpretation of such a change in the curves is uncertain. 
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Figure 10: Time spent in the risk class above 20 % MC and 10 °C for the three different locations in the 
ICP test rack. The left diagram is the raw data whereas the right diagram depicts the data corrected for 

weather variation between years. 

4 CONCLUSION 

Instead of a purely visual interpretation of the moisture content data obtained, values for the 
weekly average and weekly variation were constructed for all data series. Both of these revealed 
deeper insight into the performance of the tested systems. The weekly average moisture content 
was in a previous study found to be correlated with relative humidity and temperature but not 
significantly with the precipitation.  
 
If an applied coating traps moisture, biological degradation is inevitable. In the present study, 
weekly average moisture content was used to investigate whether the coated wood façade had a 
build-up of moisture with time. Thus, valuable information about the performance of the con-
struction could be gained from the weekly average moisture content.  
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The weekly moisture variation was used as an indication of gradual degradation of the coating 
itself, i.e. the degree of cracking. A linear tendency with time was found for all tested systems 
and the maintenance period could be estimated on the basis of data from only 2-3 years of out-
door exposure. A level of 1.5 in weekly moisture variation was found to be correlated with the 
appearance of visual cracking in the coating, but more data is needed to validate this. 
 
The risk of biological degradation was examined by using 20 % MC and 10 °C as a limit below 
which the risk was negligible. The time spent annually above this limit was used as an indication 
of the risk of biological degradation. The data were corrected for variation in weather exposure 
between the years and a fairly linear tendency in time was found, i.e. the risk of biological deg-
radation was found to increase in time for the tested systems. Also, other combinations of mois-
ture content and temperature were used as limits enabling a more detailed view of the risk pat-
tern.  
 
The performance of an ICP coated façade was also examined. In general, the ICP coating de-
grades very quickly, which was also found in this study. Cracking appeared shortly into the test 
period and this was reflected in the weekly moisture variation diagrams. Furthermore, the ICP 
coating caused a build-up of moisture which gave a much higher risk of biological degradation. 
In the fourth year of exposure, a sudden increase in the accumulated time in the risk class could 
be interpreted as an indication of severe fungal attack. However, this conclusion remains uncer-
tain until further data is obtained for other systems as well. 
 
In general it was found that measuring the moisture content in-situ in a façade construction of the 
suggested design can be a valuable tool in service life prediction. Within reasonable time, it is 
possible to obtain enough data to predict the service life of the construction in terms of coating 
maintenance period and the risk of biological degradation. 
 
As our experiences with the test method and analysis tools increase it seems that in many cases it 
will be less time consuming and more cost efficient to use the in-situ test method in stead of 
laboratory testing. This is mainly due to the difficulties in interpreting results from laboratory 
testing. Furthermore, when it comes to documentation, outdoor in-situ testing in many cases has 
a higher liability compared with laboratory testing.  
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